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Abstract

Halophytes play an essential role in ecosystems, forming plant mass and seed material in salinization 
and water scarcity conditions, and have unique mechanisms that allow them to survive in regions where 
other crops cannot exist. This ability of halophyte plants is due, among other things, to endophytic micro-
organisms inhabiting various organs and tissues of these plants and adapting halophytes to stressful living 
conditions. The article presents data on the diversity, salt-resistance, and some characteristics of endophytic 
fungi isolated from 4 halophytes growing in the desert region of Bukhara, Uzbekistan. Thirty-five endo-
phytes from 44 obtained isolates exposed to stable growth for several generations. All cultures were tolerant 
to 5-10% NaCl in the medium; 13 isolates showed stable growth at 20% salt. The most significant number 
of endophytic fungi was isolated from the hyperhalophyte Climacoptera crassa.
Keywords: halophytes, endophytic fungi, halotolerance, morphological characters.
Резюме

Халофитите играят съществена роля в екосистемите, образувайки растителна маса и семенен 
материал при условия на засоляване и недостиг на вода и притежават уникални механизми, 
позволяващи им да оцелеят в региони, където други култури не могат да съществуват. Тази 
способност на халофитните растения се дължи, наред с други неща, на ендофитни микроорганизми, 
обитаващи техни различни органи и тъкани, адаптиращи халофитите към стресови условия на живот. 
В статията са представени данни за разнообразието, резистентност към високи концентрации на 
сол, както и някои характеристики на ендофитни гъби, изолирани от 4 халофитни растения, растящи 
в пустинния район на Бухара, Узбекистан. Получени са 44 изолата, 35 от които са култивирани 
като чисти култури със стабилен растеж в продължение на няколко поколения. Всички култури са 
толерантни към 5-10% NaCl в средата, а 13 изолата показват стабилен растеж при 20% NaCl. Най-
значителен брой ендофитни гъби са изолирани от хиперхалофита Climacoptera crassa.
Introduction 

Saline soils occupy about 25% of the land 
surface, and their territory is constantly increasing. 
The problem of salinization of lands, primarily ir-
rigated, has been acute in Uzbekistan since the sec-
ond half of the last century, associated with a large-
scale reclamation program from 1950-1980 and the 
environmental crisis of the Aral Sea. According to 
published data, the area of saline soils in Uzbeki-
stan, including slightly saline ones, at the beginning 
of the XXI century was 63% (Pankova, 2016). In 
this regard, one of the most important fundamental

and applied tasks is to find ways to reclaim soils 
and preserve biological diversity in arid areas.

Halophytic plants have evolved to tolerate 
high salinity levels and live on soils with a high 
concentration of salts (Gao et al., 2021). From the 
physiological and genetic points of view, the resist-
ance of these plants to salinization is a very com-
plex process. The effect of resistance genes is to 
limit the rate of salt absorption from the soil and 
salt transport through the plant, regulating the ionic 
and osmotic balance of cells in roots and shoots, 
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leaf development, and the onset of aging (Munns 
et al., 2005).

The exceptional majority of studies of halo-
phytes have focused on the physiological and ge-
netic regulation of resistance to salinity (Xu et al., 
2016). However, complex ecological processes in 
their rhizosphere and microsphere also play an es-
sential role in forming plant tolerance (Ruppel et al., 
2013), particularly in connection with the adaptive 
and protective functions of microbial communities 
living in plants (Harrison and Griffin, 2020; Jalili 
et al., 2020; Li et al., 2020). Thus, microorganisms 
inhabiting the roots and leaves of halophytes can 
significantly contribute to their well-being and re-
sistance to salinity.

Most salt-resistant plants growing in Uzbek-
istan, including in the Bukhara region, are well 
studied and characterized by adaptation to stressful 
conditions and their potential as sources of animal 
feed, oil, and medicinal substances (Shamsutdinov, 
2002; Ortiqova, 2019). However, to understand the 
mechanisms of plant adaptation to extreme condi-
tions, it is necessary to study their microbiome, in 
particular, to assess the contribution of endophytic 
microorganisms to adaptation to stressful environ-
mental conditions.

In recent years, some studies have been con-
ducted in Uzbekistan on the diversity and proper-
ties of endophytic fungi in medicinal plants. Their 
biologically active properties, including antimicro-
bial, cytostatic, inhibitory, and others, have been 
identified and studied, which allows them to be 
considered a good resource of pharmaceutically 
valuable medicines (Abdulmyanova et al., 2018; 
Ruzieva et al., 2020; Shurigin et al., 2020). Along 
with this, the diversity and properties of endophyt-
ic bacterial communities of local halophytes are 
successfully studied (Gao et al., 2021), and some 
works are devoted to studying the potential of hal-
ophilic bacteria isolated from a salt marsh or the 
rhizosphere of salt-tolerant plants (Lobanova et al., 
2011). However, the endophytic mycobiota of local 
halophyte plants and their salt tolerance have not 
been studied. Therefore, halotolerant endophytic 
fungi of halophytes are of great interest as possible 
factors of the adaptation of host plants to salt stress. 
In addition, the identification of halotolerant endo-
phytic fungi of halophytes can open up new pros-
pects for the production of microbial preparations 
for agriculture on saline soils.

The article presents data on the isolation and 
diversity of halotolerant endophytic fungi from 
salt-resistant plants Aeluropus littoralis, Climacop-

tera crassa, Halocnemum strobilaceum, Suaeda 
heterophylla growing in saline soils of the Bukhara 
region of Uzbekistan.
Materials and Methods
Collection, description, and identification of 
samples from salt-resistant plants

Samples of salt-resistant plants were select-
ed during September 2020 from two different sites 
of Bukhara region salt marshes: site 1 (eco-center 
“Jeyran” N 40.057599 E 64.140266), site 2 (Khoja-Zafa-
ron village, N 39.582435 E 64.708678). The selected plants 
were identified as Aeluropus litoralis, Climacop-
tera crassa, Halocnemum strobilaceum, Suaeda 
heterophylla according to the Plant Determinant of 
Central Asia (Bondarenko and Nabiev, 1972).
Isolation of halotolerant endophytic fungi

Surface sterilization of halophytes and isola-
tion of endophytic fungi was carried out according 
to Hazalin et al. (2009) with modifications. First, 
the plants were repeatedly washed under running 
water to remove soil and dust particles. Next, abo-
veground and root materials from each plant spe-
cies were cut and processed individually. For sur-
face sterilization, plant roots, stems, and leaves 
were placed into sterile Erlenmeyer flasks con-
taining ethanol 70% v/v for 60 s with shaking and 
then in sterile Erlenmeyer flasks containing 1.2%  
NaClO for 1 min. Then, plant materials were rinsed 
in sterile distilled water. After that, leaves, stems, 
and roots were slashed into small parts using a 
sterile scalpel, and the segments were evenly dis-
tributed in Petri dishes with agarized Chapek-Dox 
medium (Thom and Raper, 1945) with the addition 
of 200 mcg/ml of ceftriaxone (to suppress bacterial 
microflora) and 5% and 10% NaCl. Chapek-Dox 
medium with an antibiotic containing no NaCl was 
used as a control. Cultivation was carried out at 
28°C±2°C for 3-10 days.

The depletion stroke method on a Chapek-Dox 
agar containing 5% and 10% NaCl was used to 
obtain pure cultures. For the selection of steadily 
growing endophytes, at least 5-8 transplants were 
carried out on the appropriate nutrient media.
Determination of halotolerance and 
thermotolerance of endophytic fungi

Determination of the degree of halotolerance 
and thermotolerance of isolates was carried out 
on agarized Chapek-Dox medium containing 5%, 
10%, 15%, 17%, 20% of NaCl, and 15, 25, 35, and 
45°C. In both experiments, cultivation was carried 
out for up to 10 days. 
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Аll experiments were carried out three times.
Identification of endophytic fungi

Isolates were identified by micro- and macro-
morphological characteristics of seven-day-old cul-
tures grown on Czapek-Dox medium without salt 
(Litvinov, 1967). Genera affiliation was determined 
by the shape of the colony, growth on a nutrient 
medium, the shape of conidia and spores, and colo-
ny pigmentation. The cell preparation was obtained 
using acetic acid. The cell structure was studied on 
NLCD-307B binocular microscope (China) at a 
magnification of 10 x 40.

The cultures were stored on sloped Cha-
pek-Dox agar with 5% NaCl at 4-5°C±2°C for 3 
months, followed by subculture on a fresh nutrient 
medium.
Results

As mentioned above, for the study of halotol-
erant endophytes, we selected domestic halophytes 
A. littoralis, C. crassa, H. strobilaceum, S. heter-
ophylla. It should be noted that these plants were 
studied in terms of their biology, phylogeny, phe-
nology, distribution, and beneficial properties (Ko-
rovin, 1953; Bondarenko and Nabiev, 1972).
As can be seen from the data presented in Fig. 1, 
the most significant number of endophytic fungi 
(18 isolates) C. crassa was isolated from the 
aboveground part of the plant, 13 isolates were 
obtained from stems and leaves, one isolate from 
the root on a medium containing 5%NaCl, four 
isolates were isolated on a medium with 10% salt. 

Thirteen isolates from the aerial part of the 
plant were isolated from H. strobilaceum, 9 of them 
were resistant to 5%, and four were resistant to 10% 
NaCl.

Such a relatively high number of isolated 
halotolerant endophytes of fungi seems to be ex-

pected since both of these plants accumulate salts 
in tissues and cells, and thus the internal plant envi-
ronment assumes the tolerance of microorganisms 
living there. From the aboveground part of S. het-
erophylla, three isolates were isolated on a medium 
with 5% salt, and only one isolate was tolerant to 
10% salt. At 5% salt, four endophytes from the root 
and two isolates from the aboveground part of A. 
littoralis, three isolates from the aboveground part 
of the plant were isolated in a medium with 10% 
salt.

In general, 44 strains of halotolerant en-
dophytic fungi were isolated from the roots and 
aboveground in two media with different salt con-
centrations. Thus, 32 pure endophyte cultures were 
isolated from samples of 4 halophytes on media 
containing 5% salt, 5 of them from the roots, and 
27 from the aerial part of plants. On media with 
10% salt, 12 isolates were isolated from the aerial 
part, while it was not possible to isolate endophytes 
from plant roots. However, it was further found that 
after repeated replanting (more than eight passages) 
of the 44 initially isolated isolates, 35 cultures have 
been preserved: 14 and 12 isolates from C. crassa 
and H. strobilaceum plants have been preserved, 
and only 6 and 3 endophytes from A. litoralis and 
S. heterophylla, respectively.

The study of the resistance of isolated cul-
tures to salt stress in the range from 5 to 20 % NaCl 
showed that most cultures withstand 5% and 10% 
salt in the medium with virtually no change in the 
growth pattern, while higher concentrations inhibit 
the development of endophytes to varying degrees. 
This is accompanied by an increase in the cultiva-
tion time, a decrease in biomass accumulation, and 
pigmentation (Fig. 2A, B).

As shown in Fig. 2, the isolated endophytes 
behave differently at different salt concentrations. 

Fig. 1. The number of halotolerant endophytes isolated from halophytes at 5 и 10% NaCl
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Isolate А10 (Aspergillus sp.) from C. сrassa 
produced a brown pigment within 3-4 days of grow-
ing without salt, while salt production and diffusion 
of the pigment occurs later. 10-15% NaCl changed 
the density, color, and growth rate of the fungus 
(Fig. 2A). Another endophyte, A01 (Cladosporium 
sp.), isolated from H. strobilaceum, exposed more 
tolerance to salt (Fig. 2B). The pigmentation and 
character of the mycelium did not change suffi-
ciently; there was a growth slowdown at 15-20% 
salt. The study of the salt resistance of endophytes 
showed that all 35 obtained isolates could grow at 
concentrations of 5 and 10% salt, 33 isolates – at 
15%. However, at 20% NaCl, 25 isolates showed 
weak signs of growth, while 13 cultures showed 
stable development (Fig. 3).

It should be noted that no endophyte from A. 
litoralis and S. heterophylla showed stable growth 
at 20% salt, while four cultures from C. crassa and 
nine from H. strobilaceum were able to grow at a 
high concentration of NaCl in the medium.

The study of the influence of temperature 
on the development of halotolerant endophytes 
in the range of 15-45°C showed that the optimal 
temperature for all isolates is 25°C, at 15°C and 
35°C the growth of cultures slowed down slightly, 
which was manifested in the later development of 
Mycelium in cultural broth. At 45°C, the growth of 
33 fungi was absent. Weak signs of growth at this 
temperature were found only by two isolates A04 
and A10, assigned to the genus Aspergillus. 

Determination of the morphological and cul-
tural properties of 35 isolates on a basal medium 
without salt showed that five genera represent en-
dophytic halotolerant fungal communities of stud-
ied halophytes: Alternaria (13), Cladosporium 
(12), Penicillium (5), Aspergillus (4), Fusarium (1) 
(Fig. 4). Representatives of these genera are known 
widespread in salt-tolerant plants (Blagoveshchen-
skaya, 2015; Jalili et al., 2020; Li et al., 2020).

The growth of isolates on a primary medi-
um and media with 5 and 10% NaCl did not differ 

Fig. 2. The growth of isolates at different salt concentrations. A. A 10 – Aspergillus sp., B. A01 – 
Cladosporium sp.

Fig. 3. Comparative characteristics of halotolerancy of endophytic fungi isolated from halophytes
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morphologically. Endophytes from all five genera 
were present in C. сrassa. Most of the isolates be-
longing to the genus Cladosporium have been iso-
lated from H. strobilaceum. Only two genera of 
fungi were found in A. littoralis and S. heterophylla 
plants - Cladosporium/Alternaria and Aspergillus/
Alternaria, respectively. Representatives of the ge-
nus Penicillium are found in the tissues of the aerial 
parts of C. crassa, and H. strobilaceum. Penicilli-
um, Cladosporium, and Alternaria have been iden-
tified in the roots of halophytes.

It should be noted that almost all of the iso-
lated halotolerant endophytes are characterized 
by mycelium pigmentation. By color, they can be 
divided into several groups: dark-colored, yellow 
and yellow-green, blue, and pink. Most of the iso-
lates had dark-colored mycelium (brown-green to 
black), suggesting the melanin nature of the pig-
ment produced. Only one isolate A10, obtained 
from C. crassa, produced a brown pigment in the 
medium. The intensity of staining increased after 
seven days of growth. The mycelium of the fungus 
was yellow-colored.
Discussion

Halophytes have a high species diversity and 
play an essential role in ecosystems. Currently, 
halophytes are well studied as an energy-saturated 
feed resource and are used in programs to restore 
degraded lands as desalinating agents (Vasilyeva, 
2019). In addition, there are many reports on the 
role of bacterial endophytic communities in the vi-
tal activity of salt resistance of various halophytes 

growing in many extreme ecosystems (Yuan et al., 
2016). However, halotolerant endophytes of halo-
phytes are studied to a lesser extent than mesophilic 
endophytic fungi or bacteria.

According to the classification proposed by 
Akzhigitova (1982), halophytes differ in the degree 
of salt resistance into four main groups: hypergal-
ophytes (plants of excessively saline soils), euhal-
ophytes (able to grow in a wide range of salt con-
centrations but develop better on less saline soils), 
hemihalophytes (plants of moderately saline soils), 
haloglycophytes (characterized by low salt resist-
ance). From this point of view, C. crassa and H. 
strobilaceum belong to hyperhalophytes since they 
grow on highly saline soils. Both plants can salt ac-
cumulation, which implies an increased intra- and 
intercellular concentration of ions. A. littoralis is 
characterized by another type of adaptation to salt 
stress: the plant removes salts to the surface of the 
leaves through specialized glands (Taysumov et al., 
2015).

Sun et al. (2011) studied the endophytic fungi 
of the leaves and stems of two Suaeda species dur-
ing the growing season between June and October. 
There were 104 isolates assigned to 25 fungal spe-
cies from S. microphylla, and 130 isolates assigned 
to 21 species from S. sorniculata were isolated. 
However, the halotolerance of the isolated endo-
phytes has not been studied.

Khalmuratova et al. (2015) studied the diver-
sity and growth-stimulating properties of endophyt-
ic fungi of five halophytes, including two species 

Fig. 4. Diversity of halotolerant endophytic isolates from halophytes (A) and individual representatives (B).
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of Suaeda. As a result, a total of 160 mesophilic 
isolates were isolated from the roots of five plants.

From the stems and roots of ten halophytic 
plant species, including Suaeda acuminata, grow-
ing in the desert region of China, 1046 strains of 36 
taxa of endophytic fungi were obtained (Li et al., 
2020). The data showed that the colonization and 
species richness of endophytic fungi varied and had 
higher indicators in the roots than in the stems.

The presented reports indicate that halophytic 
plants have a sufficiently high number and diversity 
of endophytic fungi. However, information on the 
halotolerance of endophytes of halophytic plants is 
presented rather sparsely. The association of halo-
tolerant endophytic microorganisms with halophyt-
ic plants can increase the salt resistance of plants, 
and their bioactive properties in the fight against sa-
linity and aridity would be valuable for agricultural 
technologies in extreme climatic conditions. 

Jalili et al. (2020) studied salt-resistant fungi 
from local halophytic plants. Forty fungi were iso-
lated from three families of halophytic plants grow-
ing in desert areas in Iran, and the most tolerant 
isolates were selected at concentrations of 1, 2, 3, 
3.5, and 4 M NaCl. Of the total number of isolated 
isolates, half were tolerant at 2 M NaCl and about 
12% of them at 3.5 M NaCl and one isolate was 
able to grow at 4 M NaCl. Two halotolerant species, 
A. terreus, and A. sclerotigenum, had strong enzy-
matic and antibacterial activity.

Pigmented endophytes have been observed in 
many halophytes (Ruppel, 2013; Blagoveshchen-
skaya, 2015); it is believed that they play an impor-
tant ecological role in the resistance to stress (Lili-
ya et al., 2020). Thus, Sun et al. (2011) also noted 
that S. microphylla and S. coriculata are colonized 
by pigmented endophytes belonging to Alternaria, 
Cladosporium, Fusarium, and Phoma. A. alterna-
ta and P. chrysanthemicola, dominating both halo-
phyte species. 
Conclusion

The presented data firstly demonstrate that 
halophytes Aeluropus littoralis, Climacoptera cras-
sa, Halocnemum strobilaceum, Suaeda heterophyl-
la growing on saline soils of Bukhara, Uzbekistan, 
inhabited by halotolerant endophytic fungi related 
to Alternaria, Cladosporium, Penicillium, Asper-
gillus, Fusarium, showing stable growth at 5% 
- 10% NaCl and a temperature of 25-30°C. Most 
of the halotolerant fungi inhabit the aerial parts of 
plants, with dark-colored mycelium species pre-
dominating.

The data allow to suggest an important role 

of endophytes for halophyte plants, and this work is 
the first stage in the study of their potential.
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