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Abstract
The article discusses the results of comparative analysis of morphological, anatomical and molecular-genetic structure of species
Arthrophytum longibracteatum, Arthrophytum balchaschense, Haloxylon aphyllum). Morphological-anatomical and molecular-genetic methods
were used during the study. Transverse sections were viewed using a Levenhuk Zoom&Joy microscope (China), images of transverse sections
were taken with a Levenhuk D740T 5.1 camera, using the LevenhukLite programme. To clarify the correctness of species identi�cation, the
collected specimens were compared with the Type specimen of Arthrophytum balchaschense stored at the Institute of Botany and
Phytointroduction (AA). Other herbarium specimens of this species stored in the AA Herbarium (Almaty, Kazakhstan) and herbarium collections:
MW (Moscow, Russia), LE (St. Petersburg, Russia), TASH (Tashkent, Uzbekistan) were also reviewed. With the help of QGIS programme, a map
of the location points of the studied specimens was made. The conducted studies allowed to form a proof base of clear belonging of
Arthrophytum balchaschense to the genus Haloxylon. This circumstance became the reason for the necessity of nomenclatural changes
consisting in assignment of Arthrophytum balchaschense to the genus Haloxylon under the name Haloxylon balchaschense (Iljin) Osmonali,
Veselova & Kudab. This species has a central-eastern-North Turanian distribution, being endemic to the �ora of Kazakhstan.

Introduction
The genus Haloxylon Bunge ex Fenzl of the family Chenopodiaceae (Amaranthaceae s.l.) according to the databases International Plant Names
Index (IPNI) and Plants of the World Online (POWO) includes 11 species (Haloxylon ammodendron (C.A.Mey.) Bunge ex Fenzl, H. gracile (Aellen)
Hedge, H. gri�thii (Moq.) Boiss., H. multi�orum (Moq.) Bunge ex Boiss, H. negevensis (Iljin & Zohary) L.Boulos, H. persicum Bunge, H.
salicornicum (Moq.) Bunge ex Boiss., H. schmittianum Pomel, H. scoparium Pomel, H. tamariscifolium (L.) Pau, H. thomsonii Bunge ex Boiss.)
occurring from the Mediterranean to Central Asia inclusive (Zhu et al., 2004; Dong et al., 2016).

Many of these species were previously considered to be members of the genus Arthrophytum Schrenk, which, according to IPNI and POWO,
currently comprises 8 species (Arthrophytum balchaschense (Iljin) Botsch, A. betpakdalense Korovin & Mironov, A. iliense Iljin, A. korovinii
Botsch., A. lehmannianum Bunge, A. longibracteatum Korovin, A. pulvinatum Litv., A. subulifolium Schrenk).

In the �ora of Kazakhstan (Goloskokov and Polyakov, 1960; Baitenov, 2001) and Central Asia (Pratov, 1972), there are 3 species of the genus
Haloxylon: Haloxylon ammodendron (C.A.Mey.) Bunge, Haloxylon aphyllum (Minkw.) Iljin, Haloxylon persicum Bunge. However, according to
recent literature sources, the �rst 2 species are now combined into one species Haloxylon ammodendron (C.A. Mey.) Bunge ex Fenzl.
(https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:941607-1), which reduces, in turn, the number of representatives of the genus
growing in Kazakhstan. From our point of view, the association of Haloxylon aphyllum with Haloxylon ammodendron is not quite unambiguous.
Additional studies are needed here. Since only Haloxylon aphyllum is widespread in the area under study, we use this species name in the
article. In the deserts of Central Asia, Haloxylon ammodendron, Haloxylon aphyllum, and H. persicum play an important role in human life,
performing, among other things, a protective function (wind control and sand �xation) (Zhu et al., 2004; Dong et al., 2016). In Kazakhstan,
species of the genus Haloxylon are distributed mainly in Turanian deserts, occurring in all southern and south-eastern regions of the republic
(Goloskokov and Polyakov, 1960; Pratov, 1972).

The development of molecular genetic methods of analysis, now actively used in systematic studies, leads to numerous changes in the
taxonomy of almost all groups of plants. Thus, some genera are divided into several genera, and others, on the contrary, are united into one, or
species from one genus are considered by systematists within the scope of another genus, hybrid specimens are identi�ed, etc. (Kechaykin et
al., 2020; Sumbembayev et al., 2020; Sumbembayev et al. (Kechaykin et al., 2020; Sumbembayev et al., 2021, 2023a; 2023b; Sukhorukov et al.,
2022, 2023a, 2023b; Friesen et al., 2022; Lazkov and Veselova, 2022; Terletskaya et al., 2023; Osmonali et al., 2023 etc.).

Considering that morphologically some representatives of genera Haloxylon, Arthrophytum and Anabasis L., belonging to the same tribe
Salsoleae of subfamily Salsoloideae, are very similar at certain stages of their development, the question of determination of their systematic
belonging is actual. The present article is devoted to the results of one of such studies.

During expeditionary studies on the �ora of the Eastern and Northeastern part of Betpakdala, in particular on the identi�cation of rare and
endemic species of this region, we noted a strong similarity between the species Arthrophytum balchaschense and species of the genus
Haloxylon (Haloxylon aphyllum). The similar features that attracted our attention include: spatial arrangement of young green shoots, structure
of bark, shape of fruits (in the latter case when examined in detail). Therefore, to clarify the systematic a�liation of the plants we were
interested in, we collected their samples not only to replenish herbarium collections, but also as material for molecular genetic studies.

To clarify the correct identi�cation of the species as Arthrophytum balchaschense, the collected specimens were compared (checked) with the
Type specimen stored at the Institute of Botany and Phytointroduction (AA) under number AA0002446. It was once collected and described by
M.G. Popov (Popov, 1936) as Anabasis pauci�ora Popov. Almost in the same period, M.M. Ilyin described the species Anabasis balchaschensis
Iljin (Ilyin, 1936a, 1936b, 1936c, 1936d), which was renamed Arthrophytum balchaschense (Iljin) Botsch (Botschancev, 1954) by V.P. Bochantsev
in 1954 (Goloskokov and Polyakov, 1960). Anabasis pauci�ora (Pratov, 1972) was also added to Arthrophytum balchaschense as a synonymy,
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Type specimens of which were submitted to the V.L. Komarov Botanical Institute in Moscow. V.L. Komarov Botanical Institute in St. Petersburg
(LE00054892, LE00054893) (https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:163588-1).

Thus, it was decided to make a molecular genetic analysis and to identify the relatedness of Arthrophytum balchaschense with species of the
genus Haloxylon. One of the most important molecular methods in the study of kinship relations at the supra-species (genus) systematic level
is the comparison and analysis of aligned DNA sequences of individual fragments of the genome and plastome of plants. In the study of
genome fragments (nuclear DNA), nrITS (internal transcribed spacer) analysis of ribosomal DNA is the most popular, while in the plastome a
large range of genes and introns is used (Friеsen et al., 2006).

Material and methods
The objects of the study are species of genera Haloxylon and Arthrophytum of family Chenopodiaceae (Amaranthaceae s.l.), growing on the
territory of Kazakhstan: Arthrophytum longibracteatum Korovin, Arthrophytum balchaschense (Iljin) Botsch., Haloxylon ammodendron
(C.A.Mey.) Bunge ex Fenzl (Haloxylon aphyllum (Minkw.) Iljin). The species Anabasis salsa (C.A. Mey.) Benth. ex Volkens was selected as a
closely related species to the studied genera occurring directly in the same phytocenoses (Fig. 1). For greater reliability of the results, the
studied specimens were collected at the same developmental phase. All collection points of the studied species are presented in Table 1.

Herbarium specimens of the species Arthrophytum balchaschense of the Institute of Botany and Phytointroduction (AA, Almaty, Kazakhstan),
Lomonosov Moscow State University (MW, Moscow, Russia), V.L. Komarov Botanical Institute (LE, St. Petersburg, Russia), Institute of Botany of
the Academy of Sciences of the Republic of Uzbekistan (TASH, Tashkent, Uzbekistan) Fig. 3.

Images of herbarium specimens were taken on a Levenhuk DTX RC3 remote-controlled microscope (China).

Anatomic method
Materials of anatomical sections were �xed in 45% alcohol. The objects of transverse sections were frozen in histological para�n in special
moulds of 15x15 mm. Transverse sections of the specimens were made using a "Rotary semi-automatic microtome" (MEDITE M530) with a
transverse section thickness of 40 µm. Transverse sections were viewed using a Levenhuk Zoom&Joy microscope (China), images of
transverse sections were taken with a Levenhuk D740T 5.1 camera, using LevenhukLite software. Biometric data were also measured using this
programme. The mean number and standard error of biometric data were calculated using Microsoft Excel using the data analysis function.
Current literature data of closely related species were used to describe the anatomical structure of the studied specimens (Pyankov et al., 1997;
Butnik et al., 2001, 2017; Voznesenskaya et al., 2013; Zhaglovskaya et al., 2015; Schüssler et al., 2016; Osmonali et al., 2020).
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Table 1
– Origin, source, and GenBank accession numbers of sequences used for phylogenetic analyses

Accession Name Coordinates Voucher rITS rps16
intron

B58 Haloxylon balchaschense (Arthrophytum
balchaschense)

46.108889 N 73.254167
E

AA0003148 OR906301 OR913002

B59 H. balchaschense 46.356389 N 73.815278
E

AA0003149 OR906302 OR913003

B60 Arthrophytum longibracteatum 43.545556 N 78.591944
E

AA0003150 OR906303 OR913004

B61 A. longibracteatum 43.472778 N 79.010833
E

AA0003151 OR906304 OR913005

B62 Arthrophytum sp 43.472778 N 79.010833
E

AA0003152 OR906305 OR913006

B63 Anabasis salsa 45.366389 N 73.665833
E

AA0003153 OR906306 -

B64 А. salsa 46.186667 N 73.597778
E

AA0003154 OR906307 -

B66 А. salsa 46.041667 N 73.628056
E

AA0003155 OR906308 -

B67 А. salsa 46.319722 N 73.593889
E

AA0003156 OR906309 -

B70 А. salsa 44.629722 N 74.461944
E

AA0003157 OR906312 OR913008

B71 А. salsa 46.041667 N 73.628056
E

AA0003158 OR906313 -

B68 Haloxylon aphyllum 46.101667 N 73.276389
E

AA0003159 OR906310 OR913007

B69 H. aphyllum 44.629722 N 74.461944
E

AA0003160 OR906311 -

Molecular genetics methods
Extraction of DNA from leaves dried with silica gel was carried out using the NucleoSpin Plant II Mini kit (MACHEREY-NAGEL GmbH & Co. KG).
The ITS fragment was ampli�ed using ITS-A (Blattner, 1999) and ITS-4 (White et al., 1990) primers. The chloroplast fragments rps16 intron were
ampli�ed using the primers rps16f-rps16r2 described by Shaw et al. (2007).

Ampli�cation and sequencing
To perform the PCR, the ampli�cation protocol for Red Mix was used, involving a 20 µl reaction mixture with 2×HS Taq Mix Red (Biozym
Scienti�c GmbH, Germany), where the mix was 1 µl each of direct primer and reverse primer, 10 µl Red Mix, and 8 µl . The ampli�ed products
were tested by electrophoresis on a 1.5% agarose gel stained with ethidium bromide. The DNA fragments were visualized under UV light on a
Gel I X20 Lmager (INTAS Science Imaging Instruments GmbH, Germany) and documented using a Mitsubishi P93D printer (Mitsubishi Elec.
Corp., Japan). The PCR products were sent to Microsynth SeqLab (Göttingen, Germany; www.microsynth.seqlab.de) for sequencing. The
sequences from all individuals were manually edited in Chromas Lite 2.1 (Technelysium Pty Ltd., South Brisbane, QLD, Australia) and aligned
with ClustalX (Thompson et al., 1997); the alignment was manually corrected using MEGA7 (Kumar et al., 2016).

Phylogenetic analyses
Both datasets (nrITS and the cpDNA markers) were analyzed separately through Fitch parsimony with the heuristic search option in PAUP
version 4.0 b10 (Swofford, 2002) with MULTREES, TBR branch swapping, and 100 replicates of random addition sequence. Gaps were treated as
missing data. The consistency index (CI) was calculated to estimate the amount of homoplasy in the character set (Kluge and Farris, 1969). The
most parsimonious trees returned by the analysis were summarized in one consensus tree using the strict consensus method. Bootstrap
support (BS) – were performed using 1,000 pseudoreplicates to assess the support of the clades (Felsenstein, 1985). Bayesian phylogenetic
analyses were also performed using MrBayes 3.1.23 (Ronquist and Huelsenbeck, 2002). The sequence evolution model was chosen by
following the Akaike information criterion (AIC) obtained from jModelTest2. Two independent analyses with four Markov chains were run for
10 million generations, sampling trees every 100 generations. The �rst 25% of the trees were discarded as burn-in. The remaining 150,000 trees
were combined into a single dataset, and a majority-rule consensus tree was obtained, along with posterior probabilities (PP).

H2

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:941607-1


Page 5/16

Species from the subfamily Salicornioideae were selected as an outgroup: Halostachys belangeriana (Moq.) Botsch., Halocnemum
strobilaceum (Pall.) M. Bieb., Kalidium caspicum (L.) Ung.-Sternb. and K. foliatum (Pall.) Moq.

Results
As a result of expeditionary research, samples of species Arthrophytum longibracteatum (2 populations), Haloxylon balchaschense
(Arthrophytum balchaschense, 2 populations), Haloxylon ammodendron (H. aphyllum, 2 populations), Arthrophytum sp. (hybrid, 1 population),
Anabasis salsa (6 populations) were attracted for study. The main points of the studied samples are located in the north-western part of Lake
Balkhash, which corresponds to the north-eastern edge of the territory of the Betpakdala �oristic district. With the help of QGIS programme, a
map of the location points of the studied specimens was made (Fig. 2).

Typical materials of the studied species are in herbarium collections of Almaty (AA) and St. Petersburg (LE). A total of 70 herbarium specimens
were analysed, on the basis of which a distribution map of Haloxylon balchaschense (Arthrophytum balchaschense) was made (Fig. 3). The
map shows its locality points according to the data of specimen labels from 4 large herbarium collections (AA, MW, LE, TASH). The red ring on
the map shows the point of the �rst description of the species (locus classicus), from where type materials were collected. The black ring
marks the points of own collections of this species (Fig. 3).

Morphology
For visual assessment of similarity and difference of species of Arthrophytum longibracteatum, Haloxylon balchaschense (Arthrophytum
balchaschense), Haloxylon ammodendron (H. aphyllum), their main morphological characters re�ected on the photos of the viewed specimens
were analysed. In particular, the following were considered: leaf arrangement, branching of young shoots and fruit wings (Fig. 4.).

Anatomy
Three species were selected for comparative anatomical analysis: Arthrophytum longibracteatum, Haloxylon balchaschense (Arthrophytum
balchaschense), Haloxylon ammodendron (H. aphyllum). In Arthrophytum longibracteatum, anatomical slices of leaves and stems were studied,
while in the other two species, slices of only young shoots with assimilation cells were studied, as they have no leaves.

The cross-sectional thickness for all specimens was 40 µm. Thinner slices could not be made due to the succulent origin of the studied species,
the water-bearing cells of which rupture at smaller slice thicknesses (Fig. 5).

The following anatomical structures are indicated in transverse anatomical sections: epidermis, palisade mesophyll, cranz cells, drusa, water-
bearing cells, xylem, phloem, collenchyma, sclerenchyma, parenchyma cells, parenchyma of the core, vascular bundle. The biometric data are
presented in Table 2.

Table 2
Biometric data on the anatomical structure of the studied species: 1 — Haloxylon balchaschense; H. aphyllum; 3 — Arthrophytum

longibracteatum (leaves); 4 — Arthrophytum longibracteatum (stem).
№ Cross-

sectional
diameter,
µm

Epidermis
thickness,
µm

Length of
palisade
mesophyll,
µm

Kranz cell
thickness,
µm

Thickness
of water-
bearing
cells
layer, µm

Diameter
of water-
bearing
cells, µm

Parenchyma

µm

Sclerenchyma
µm

Core
diameter

µm

Drill
diameter
µm

1. 2040,2 ± 
33,5

31,88 ± 
1,2

34,14 ± 
0,96

15,88 ± 
0,5

361,07 ± 
16,8

74,42 ± 
4,27

146,64 ± 3,6 45,18 ± 1,1 585,64 ± 
6,8

31,98 ± 
1,0

2. 1809,4 ± 
11,5

30,66 ± 
0,9

60,4 ± 1,45 17,89 ± 
1,6

495,14 ± 
12,9

68,88 ± 
9,47

87,99 ± 4,7 51,98 ± 2,1 260,45 ± 
4,1

22,24 ± 
2,6

3. 1139,9 ± 
4,2

21,3 ± 1,0 74,19 ± 
7,42

19,26 ± 
0,5

276,33 ± 
21,8

99,73 ± 
14,1

- - - 29,22 ± 
1,4

4. 1581,9 ± 
75,3

35,94 ± 
1,5

59,8 ± 1,75 21,19 ± 
0,7

226,88 ± 
18,8

59,68 ± 
7,3

145,13 ± 4,6 62,31 ± 1,5 732,7 ± 
20,7

-

Molecular phylogeny
Sequencing of nrITS) and chloroplast (rps16 intron) fragments was performed for 5 species, one of which is of hybrid origin. The ITS
sequencing tree is made using the studied samples and supplemented with samples from the NCBI database. In the tree, our samples are
highlighted in bold. Colour highlighting shows the generic a�liation (Haloxylon, Arthrophytum, Anabasis) of the species (Fig. 6). It should be
noted that the nrITS fragments in the genus Haloxylon are identical for all species of the genus, while the chloroplast fragments are more or less
different according to the analyses. For detailed species distinction (scattering among species), a full genomic analysis of chloroplast
fragments is needed. An attempt at ampli�cation and sequencing of herbarium specimens of other species of the genus Arthrophytum was
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unsuccessful because, unfortunately, the DNA in the succulent green parts of the plants was already severely degraded due to prolonged drying
of the herbarium. For the chloroplast tree, rps16 intron sequences were used (Fig. 7). We also sequenced IGS trnQ-rpS16, but it did not work
properly; the sequencing data were not suitable for analysis.

Discussion
Screening of literature data and available herbarium specimens revealed that Haloxylon balchaschense (Arthrophytum balchaschense) has a
central-eastern-North Turanian range. In the north, it reaches the south-eastern part of the Kazakhstan Shallow Foothills; in the east (along the
foothill deserts) it penetrates into the western part of the Dzungarian Alatau; in the west it is found in the Pribalkhashie and eastern spurs of
Betpakdala; in the south it is con�ned to the desert-stony foothills of the Zailiyskiy Alatau (Iljin, 1936; Goloskokov and Polyakov, 1960; Pratov,
1972; Safronova, 2010; Kamelin, 2017) (Fig. 3). The species is endemic to Kazakhstan (Osmonali et al., 2019), prefers rubbly, clayey solonchak
deserts, rarely enters sands (Iljin, 1936; Goloskokov and Polyakov, 1960; Pratov, 1972).

The main difference between the morphology of Arthrophytum longibracteatum and the other two lea�ess species is the presence of developed
leaves. The similarity of morphological structure of Arthrophytum balchaschense and Haloxylon aphyllum (Figs. 1 and 4) is manifested in the
structure of stems (young shoots), the spatial arrangement of which relative to the stems is 45º-50º, whereas in Arthrophytum longibracteatum
young shoots, stems and leaves are arranged at an angle of 30º-40º. At the same time, young shoots of Arthrophytum balchaschense are larger
(2040.2 ± 33.51 µm) than those of Haloxylon aphyllum (1809.4 ± 11.51 µm) (Table 2). In Arthrophytum longibracteatum these values are much
smaller: in young shoots they are 1581.9 ± 75.35 µm and the leaf diameter is 1139.9 ± 4.22 µm.

Besides, external morphological similarity of fruit wings (Fig. 4) is observed in Arthrophytum balchaschense and Haloxylon aphyllum species.
However, while in Haloxylon aphyllum wings are located perpendicularly relative to the fruit base, in Arthrophytum balchaschense they bend
inwards, thus covering the fruit itself. To some extent such arrangement of wings has external similarity with the similar character of such
species of genus Anabasis as A. truncata (Schrenk) Bunge and A. aphylla L.

Comparative analysis of anatomical structure also showed similarity between Arthrophytum balchaschense and Haloxylon aphyllum species.
Thus, the thickness of the epidermis in Arthrophytum balchaschense was 31.88 ± 1.20 µm, while in Haloxylon aphyllum it was 30.66 ± 0.99 µm.
In Arthrophytum longibracteatum species, this layer was thinner in leaves 21.3 ± 1.00 µm, and on the contrary, it was thicker in stem 35.94 ± 1.55
µm. The thickness of palisade mesophyll in the �rst species is 34.14 ± 0.96 µm, in the second − 60.4 ± 1.45 µm, in the third − 74.19 ± 7.42 µm
(leaf), 59.8 ± 1.75 µm (stem). According to this index, all species are well differentiated from each other (Fig. 5). The thickness of cranial cells of
the species considered varies between 3–4 µm, with the lowest values observed in Arthrophytum balchaschense at 15.88 ± 0.56 µm and the
highest in Arthrophytum longibracteatum at 19.26 ± 0.55 µm (leaf). The aquifer (water-bearing cells) is most well represented in the two
compared species than in Arthrophytum longibracteatum. These data are also consistent with the smaller size of young shoots in this species.
At the same time, despite the fact that Arthrophytum balchaschense exceeds the similar indicators of Haloxylon aphyllum in the size of the
stem transverse section, they are smaller than those of Haloxylon aphyllum (495.14 ± 12.94 µm) in the size of layers of some tissues, including
the water-bearing layer (361.07 ± 16.81 µm). As for other layers (except sclerenchyma), in Arthrophytum balchaschense they have a larger size
than in Haloxylon aphyllum.

According to the results of molecular genetic analyses, Arthrophytum balchaschense is close to Haloxylon aphyllum, as well as other species of
the genus Haloxylon. Given that all species lined up almost in the same lineage according to ITS sequences (Fig. 6), we can say that this
fragment is the same for all species of the genus Haloxylon. At the same time, given the small number of phylogenetic works directly related to
the studied specimens, it is di�cult to judge the formation of this group (Pyankov et al., 2001; Sukhorukov, 2014; Dong et al., 2016; Schüssler et
al. 2016; Sukhorukov et al, 2018; Wang et al, 2022). But the fact that the ITS sequencing fragment of Arthrophytum balchaschense appeared to
be within Haloxylon species proves the generic a�liation of this species (Fig. 6). Chloroplast fragments also con�rm this result (Fig. 7). In
addition, the rps16 intron sequence of Haloxylon aphyllum B68 differs from that of Haloxylon ammodendron from Genbank (OR251181,
NC_027668), which con�rms the need for a more thorough analysis of the relationships between these species.

During the studies, other important points were noted in the structure of the phylogenetic trees obtained. According to ITS fragments,
hybridogenic specimen B62 of Arthrophytum sp (Fig. 6) was located between species of genera Arthrophytum and Haloxylon. By chloroplast
fragments the hybridogenic specimen was close to Arthrophytum longibracteatum (Fig. 7), while by morphological structure of leaves they
differ. It is not possible to discuss the formation of the hybrid in question due to insu�cient evidence. However, with a varying degree of
probability it can be assumed that the parents of this specimen are Arthrophytum longibracteatum and Haloxylon sp. (possibly Arthrophytum
balchaschense). The study of this specimen B62 Arthrophytum sp (hybrid) (coordinates 43.472778 N 79.010833 E) requires a full-�edged study
within the whole population.

The next point worthy of attention, in our opinion, is the fact that Salsola oppositifolia Desf., currently understood as Soda oppositifolia (Desf.)
Akhani (Rudov et al., 2020)), in the ITS tree showed relative closeness to the genera Arthrophytum, Haloxylon, and Anabasis than to Salsola
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(Fig. 6). In terms of chloroplast tree, it appeared very close to the genus Arthrophytum (Fig. 7), as noted previously (Schüssler et al., 2016). In
addition, comparing the presented photos of the species in the GBIF (Global Biodiversity Information Facility) database
https://www.gbif.org/species/11364737 and Plantarium https://www.plantarium.ru/page/view/item/72511.html, we can say that Soda
oppositifolia is habitually very similar to species of the genus Arthrophytum.

Taxonomical treatment: Haloxylon balchaschense (Iljin) Osmonali, Veselova & Kudab. (comb. nova) - = Anabasis balchaschensis Iljin, in
V.L.Komarov (ed.), Fl. URSS 6: 299 (1936), rossice; et in Acta Inst. Bot. Acad. Sc. URSS,Ser. I. Fasc. 2, 131 (1936), latine (1936).

= Arthrophytum balchaschense (Iljin) Botsch. Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 16: 85 (1954)

= Anabasis pauci�ora Popov in V.L.Komarov (ed.), Fl. URSS 6: 879 (1936)

Lektotypus

Songoria, .am Tschu. (LE 01248297). Figure 8.

Conclusion
The results of the conducted comparative analysis of morphological, anatomical and molecular-genetic structure of Arthrophytum
longibracteatum, Arthrophytum balchaschense, Haloxylon ammodendron (H. aphyllum) species allowed to form a proof base of clear belonging
of Arthrophytum balchaschense to the genus Haloxylon. This circumstance became the reason for the necessity of nomenclatural changes
consisting in assignment of Arthrophytum balchaschense to the genus Haloxylon under the name Haloxylon balchaschense (Iljin) Osmonali,
Veselova & Kudab. This species has a central-eastern-North Turanian distribution, being endemic to the �ora of Kazakhstan.
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Figure 1

Objects of the study: A-C - Arthrophytum longibracteatum, D-J - Haloxylon balchaschense (Arthrophytum balchaschense), K-N - Haloxylon
ammodendron (H. aphyllum), O-Q - Arthrophytum sp. (hybrid), R-T - Anabasis salsa
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Figure 2

Distribution map of the samples studied
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Figure 3

Map of Haloxylon balchaschense (Arthrophytum balchaschense) localities according to the studied herbarium specimens (Appendix 1)

Figure 4
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Morphological characters (herbarium specimens): A-C - Arthrophytum longibracteatum, D-E - Haloxylon balchaschense, F-G - Haloxylon
aphyllum. A-C, E, G leaf arrangement; D, F fruit wings.

Figure 5

Comparative anatomical structure of the studied species: 1-5 - Arthrophytum longibracteatum (1-3 - leaf, 4-5 - stem), 6-8 - Haloxylon
balchaschense (Arthrophytum balchaschense), 9-11 - Haloxylon ammodendron (H. aphyllum). EP - Epidermis, PAL - Palisade Chlorenchyma, Kc -
Kranz cell, D - Druza, Wc - Water-bearing cell, X - Xylem, Ph - Phloem, C - Collenchyma, S - Sclerenchyma, P - Parenchyma cells, H - Core
parenchyma, Vb - Vascular bundle
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Figure 6

ITS tree of species of the genus Haloxylon, Arthrophytum, Anabasis. The joint presence of Bayesian with a probability greater than 0.98 and
bootstrap support greater than 95% is indicated by a black dot. The samples we investigated are highlighted in bold. The following data were
obtained by running the data through the JModeltest software: GTR+I+G, -lnL 2647.49996, AIC 5470.999920, weight 0.654477
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Figure 7

Plastiden tree (rps16 intron) species of the genus Haloxylon, Arthrophytum, Anabasis. The joint presence of Bayesian with probability greater
than 0.98 and bootstrap support greater than 95% is indicated by a black dot. The samples we investigated are highlighted in bold. The
following data were obtained by running the data through the JModeltest software: GTR+I, -lnL 2293.37211, AIC 4692.744220, weight 0.237090
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Figure 8

Lektotype of Haloxylon balchaschensen.
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