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Abstract 
Cyanobacteria are important part of microflora in terrestrial ecosystems. Due to the presence of protective mechanisms in these 

microorganisms, they have potential to tolerate abnormal ecological conditions especially in arid and semi-arid habitats. In the present 

study, the diversity, distribution and community’s structure of the heterocystous cyanobacteria isolated from natural habitats of Iran with 

different solar radiation gradient were investigated. In total, 41 heterocystous morphospecies were isolated from soils of 21 studied sites. 

The isolated taxa were belonged to eight genera including Nostoc (54.68%) followed by the Calothrix (13.63%), Cylindrospermum 

(9.76%), Anabaena (7.32%), Trichormus (7.32%), Wollea (2.43%), Nodularia (2.43%), and Hapalosiphon (2.43%), respectively. 

According to the results, ecological factors such as solar radiation, relative humidity, and soil salinity can affect the diversity and 

distribution of these cyanobacteria in terrestrial ecosystems. The results also showed that, some taxa were dominant in stations  with high 

radiation levels. Among the identified taxa, Nostoc was found to be the dominant genus at all stations, especially in sites with higher 

solar radiation levels. In addition, the presence of the brown Nostoc species in arid areas confirming their resistance due to their high 

amount of carotenoids content and other protective mechanisms that protect them from high light intensity. 
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*های خشکی ایران خورشید در زیستگاه   ی هتروسیست در طول شیب پرتو دارای  های  ی تنوع و پراکنش سیانوباکتر 
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 دانشگاه شهيد بهشتی، تهران، ايران   فناوري گياهی، گروه علوم و زيست   زيستی، هاي  و فناوري علوم    ه دانشكد   اد است استاديار    زینب شریعتمداری:  

 گروه مهندسی آبياري و آبادانی، پرديس كشاورزي و منابع طبيعی، دانشگاه تهران،كرج، ايراناستاديار   زهرا آقاشریعتمداری: 
 

 خلاصه
ا ها  ي سيانوباكتر  اكوسيستم   ي ا جز از  اين ميكروارگانيسم می   شمار   به   هاي خشكی اصلی و مهم ميكروفلور  به آيند.  هاي  داشتن مكانيسم   دليل   ها 

مقاومت در   مختلف دفاعی   را دا نيمه   هاي خشک و زيستگاه   نظير شناختی  بوم شرايط سخت    مقابل   توانايی  تنوع زيستی حاضر    رند. در مطالعه خشک   ،  ،

ايران براساس شيب در زيستگاه   داراي هتروسيست   هاي سيانوباكتري و ساختار جمعيتی    پراكنش   خورشيد مورد بررسی قرار گرفت.  پرتوي    هاي طبيعی 

هشت جنس، با سطوح تنوع زيستی متفاوت    به  ترتيب   به ا  ه آرايه اين  آوري و جداسازي شد.  جمع   مطالعاتی ايستگاه    21از    ريخت گونه    41طور كلی،    به 

عبار   متعلق  كه  ،   Nostoc (54.68%)  ،Calothrix (13.63%)  ،  Cylindrospermum (9.76%)  ،Anabaena (7.32%) ،Trichormus (7.32%)از:   تند بودند 

Wollea (2.43%) ، Nodularia (2.43%)   وHapalosiphon (2.43%) .  مانند ميزان تابش نور خورشيد، رطوبت نسبی و    شناختی بوم اساس، عوامل  اين    بر

زياد پراكنش    پرتوي در مناطق با سطح    ها آرايه برخی    داد، ن نتايج نشان  ي همچن   بود. اثرگذار  هاي مورد مطالعه  شوري خاک روي تنوع و پراكنش سيانوباكتري 

 ی با ميزان تابش بالاي نور خورشيد  ي ها ويژه در ايستگاه   به ،  اتی هاي مطالع تمام ايستگاه در    Nostocجنس  مورد بررسی،    هاي آرايه ميان    در تري دارند.  وسيع 

تواند به دليل حضور مقادير زياد  اعضاي اين جنس می   پرتوي مقاومت    گرديد كه مشخص  بررسی حاضر    در   عنوان جنس غالب شناخته شد. همچنين   به 

 كند. ها در برابر تابش شديد نور خورشيد محافظت می حفاظتی باشد كه از آن هاي  مكانيسم يد و ساير  ي كاروتنو 
 

 يديتنوكارو، شناختیبوم عوامل ،تابش خورشيديشدت خشک، هاي نيمهزيستگاهشناسی،  ريخت:  های کلیدیواژه

 دانشگاه شهيد بهشتی  شده به ه يارا   و دكتر زينب شريعتمداري نخست به راهنمايی دكتر حسين رياحی ه دكتري نگارند هاز رسال  مستخرج *
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Introduction 

Cyanobacteria are photosynthetic prokaryotes and 

colonize in various habitats including terrestrial and 

aquatic ecosystems. These microorganisms tolerate harsh 

habitats, and adapting to environmental changes such as 

high solar radiation, desiccation, salinities, and high or 

low temperature (Garcia-Pichel & Belnap 1996). Their 

existence in extreme conditions shows their flexibility in 

different habitats and their high adaptability. Generally, 

growth and distribution of cyanobacteria are strongly 

influenced by various environmental factors such as 

temperature, salinity, and solar radiation (Liopis et al. 

2022). Suitable light intensity is an essential factor for 

their optimum growth where high solar radiation causes 

damages to their photosynthetic machinery, DNA and 

proteins structure, and photo-bleaching of their cells 

(Rastogi et al. 2010). Due to the ozone layer depletion in 

the atmosphere, the deleterious effects of solar ultraviolet 

radiation (UV) wavelengths increases on the earth 

surface (Pathak et al. 2017). Cyanobacteria have 

acquired strategies to respond to intense solar radiation, 

and with the help of these evolutionary mechanisms, they 

maintain their survival in ecosystems with intense 

radiation. Synthesis antioxidant compounds, mat 

formation, and accumulating UV-absorbing pigments 

such as carotenoids, mycosporine-like amino acids 

(MAAs), and scytonemin are some of their strategies 

against UV exposure (Hartman et al. 2015). 

Climatically, a large area of Iran (approximately 

70% of the 164 million hectares), is located in the arid 

and semi-arid regions with low annual rainfall between 

50–250 mm (Soltani et al. 2011, Feizi et al.  2014, 

Etemadi-Khah et al. 2017). Iran is among the countries 

with high received solar radiation, which makes it 

possible to provide a significant part of its energy 

demands through this clean energy source (Agha-

shariatmadari 2011). This country with 280 sunny 

days/year is located within the global solar belt, where 

solar radiation is at its high level in compare to other 

countries. It has been reported that, the annual solar 

radiation level in Iran is approximately between 1800–

2200 kWh m2 which is higher than the world average 

(Ahmad 2018).  

Solar radiation is the basic source of energy for all 

biochemical and physical processes on the earth surface 

and its values have special significance in many 

environmental and agricultural studies. The high level of 

solar radiation and its changes in different regions of the 

country have great impact on the biodiversity of soil 

photosynthetic microorganisms including cyanobacteria. 

Relative humidity  is an important weather parameter, 

which influences the amount of solar radiation and 

affects the received solar intensity in each area (Tasie et 

al. 2018). 

The arid and semi-arid regions are characterized 

by high solar radiation and soil salinity, as well as water 

scarcity, where in such environmental condition; 

formation of plant communities is quite slow where 

microalgae communities are well-adapted (Llopis et al. 

2022). In recent years, the diversity of soil cyanobacteria 

has been investigated in different regions of the world. 

Several studies have also been conducted on the algal 

flora of terrestrial ecosystems in Iran, but these reports 

are not sufficient, especially in stressful areas. 

Moghtaderi et al. (2009) investigated cyanobacteria in 

soil desert crust of Chadormalu in Bafgh region (Yazd 

province, Iran). Hokmollahi et al. (2016) described the 

cyanobacteria present in the soils of Yazd province (Iran) 

using morphological, molecular and physiological 

characteristics. The morphological and molecular studies 

on the algal flora of Kavir National Park is also reported 

in recent years (Etemadi-Khah et al. 2017). 

Regarding importance of cyanobacteria and lack 

of information about distribution of their populations 

according to environmental gradients such as solar 

radiation gradient, the present investigation is aimed to 

study soil microflora, with emphasis on heterocystous 

cyanobacteria, in regions with different solar radiation 

levels. This study, therefore, provides a better 

understanding about the effects of solar radiation on algal 

flora and part of their adaptation strategies. 

 



266                                                                         Irankhahi et al. / Diversity and distribution of heterocystous cyanobacteria…/ Rostaniha 22(2), 2021 

Materials and Methods 

- Field study, sampling, and analyses 

Soil samples were collected from 21 sites of Iran 

with different climatic characteristics (Table 2), based on 

the methodology given by Rangaswamy (1966). Soil 

sampling was done in the summer of three consecutive 

years between 2017–20. Daily weather data of selected 

synoptic stations were collected from the Iranian 

Meteorological Organization (IRIMO). The climate of 

stations varied from arid to semi-arid areas. At this point, 

the long-term statistics of the meteorological stations on 

a daily basis were first collected from the above-

mentioned organization and a yearly-classified database 

was formed. This bank includes data on total solar 

radiation (RS), sunshine hour fraction, air temperature, 

precipitation, and relative humidity. Data quality control 

was performed according to Moradi et al. (2009) quality 

control algorithm. Only the variables related to radiation 

(total radiation and number of hours of sunshine) of all 

meteorological data received showed statistical 

deficiencies. Therefore, as one of the aim of this study, 

the quality control of radiation statistics was performed 

with high accuracy. The distribution maps of solar 

radiation and climate types of Iran in the study area were 

drawn using the ArcGIS 8.1 software (Figs 1–2).  

To determine the climatic conditions of different 

regions, the De Martone aridity-humidity index (De 

Martonne 1925) was implemented. This climate 

classification index is one of the oldest aridity indices 

that indicate the degree of climate dryness at a given 

location. The index is calculated by the following 

equation: 

𝐴𝐼 =
𝑃

𝑇 + 10
 

 
AI = aridity index, P = annual mean precipitation (mm), 

and T = annual mean air temperature (°C).  

The classification of the De Martonne aridity 

climate is given in Table 1. 

 

Table 1. De Martonne aridity classes 

Climate type AI value 

Arid 10AI   

Semi-arid 10 20AI   

Mediterranean 20 24AI   

Semi-humid 24 28AI   

Humid 28 35AI   

Very humid 35 55AI   

Extremely humid 55AI  

 

According to De Martonne climate classification 

of Iran (Khalili & Bazrafshan 2022), among our 

selected localities (i.e., Gilan and Mazandaran 

provinces) which are located on the southern shore of 

the Caspian Sea with a perhumid climate; Qom, 

Isfahan, Yazd, and Kerman provinces are located in the 

central and southern parts of Iran with arid and semi-

arid climate conditions, while other stations that located 

in central regions, are areas with temperate conditions 

(Fig. 1).  In addition, soil-sampling sites were located 

along gradient solar radiation with different levels of 

radiation (Fig. 2). Therefore, northern region of the 

country located in an area with low solar radiation, and 

the central region located in an area with medium to 

high solar radiation (The highest solar radiation 

belonged to the southern regions). 

In terms of soil salinity level, based on remote 

sensing data from Google Earth Engine (GEE), 

sampling sites were categorized into three levels of low, 

medium, and high salinity (Fig. 3). Among studied 

sites, 14 sites were located in regions with medium and 

high, and seven sites were in low soil salinity regions. 

https://link.springer.com/article/10.1007/s40808-020-00838-2#ref-CR10
https://glossary.ametsoc.org/wiki/Dry_climate
https://glossary.ametsoc.org/wiki/Dry_climate
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Fig. 1. Geographical distribution and climate classification based on De Martonne (studied sites are shown in the map). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Solar radiation gradient based on average annual radiation (studied sites are shown in the map). 

 

 
Fig. 3. Soil salinity gradient in different regions based on 2016 GEE data (studied sites are shown in the map). 
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- Isolation and purification of cyanobacteria 

The collected soil samples were first sieved and 

10 g of each sample transferred into sterile petri dishes 

containing sterile liquid nitrate-free BG-11 medium  and  

then incubated at 25±2 °C with artificial illumination at 

74 μmol photons m-2 s-1 with a 12/12 h light/dark cycle 

for three weeks. For purification, after the appearance of 

cyanobacterial colonies, each colony were transferred 

into plates containing solid nitrate-free BG-11 and 

incubated for ten days at 25±2 °C with artificial 

illumination at 74 μmol photons m-2 s-1 with a 12/12 h 

light/dark cycle (Andersen 2005). For pigments 

extraction, all purified samples were cultivated in 500 

mL Erlenmeyer flasks containing 200 mL sterile liquid 

nitrate-free BG-11 medium. 

- Morphological identification and diversity of morphospecies 

The identification of cyanobacterial taxa based on 

morphology is the basic method in this group of 

photosynthetic prokaryotes. The higher orders such as 

Nostocales can show some outstanding features such as 

presence of specialized cells, heterocytes or akinetes, as 

these structures along with their diversity help 

morphometric identification (Komárek et al. 2014). 

Therefore, in many species of heterocystous 

cyanobacteria, morphometric identification is a suitable 

method, although in complex taxa, the polyphasic 

method facilitates identification process (Komárek 2016). 

In order to perform the taxonomic determinations, 

in the present investigation, the semi-permanent slides of 

purified colonies were prepared and identification of taxa 

was performed up to species level (wherever possible) by 

light microscopy (Olympus, Japan), based on the 

available references (Wehr et al. 2002, Komárek 2013, 

Komárek & Hauer 2013). Several morphological 

characteristics were used to identify heterocystous 

cyanobacteria including form and color of colony, thallus 

form, shape, and size as well as position of heterocytes 

and akinetes, presence or absence of gelatinous sheath, 

shape of apical and terminal cells, shape, as well as size 

of vegetative cells (Rajaniemi et al. 2005, Martineau et 

al. 2013). The cyanobacterial morphospecies were 

documented by photomicrography. 

The diversity percentage of each genus in studied 

sites was calculated by the following formula (Tong et al. 

2021):  

𝐷𝐺 =
𝑁𝑚𝑔 × 100

𝑁𝑡𝑚

 

DG = diversity of each genus, Nmg = number of identified 

morphospecies in each genus, and Ntm = total number of 

studied morphospecies. 

- Measurement of photosynthetic pigments 

Chlorophyll-a and total carotenoids contents were 

determined according to Han et al. (2016) with some 

modifications. For this purpose, 5 mL aliquot of wet 

biomass was centrifuged at 4000×g for 8 minutes. The 

supernatants were discarded and 5 mL cold methanol (4 

°C) was added. The samples were stored in dark at 4 °C 

for 45 minutes. After incubation, samples were 

centrifuged at 10,000 g for 10 minutes. The supernatant 

was transferred into a cuvette and measured at 470 and 

665 nm in a UV-visible spectrophotometer (Hitachi 

2900, Japan), using methanol as a blank. Contents were 

calculated using following equations: 

Chlorophyll– a(mg L-1)

=  13.43 × A665nm × Volumemethanol

/Volumecell 

Carotenoids (mg L-1 )

= (1000 × A470nm − 44.76 × A665nm)

/221 × Volumemethanol /Volumecell  

- Statistical analysis 

The data were analyzed by one-way analysis of 

variance (ANOVA) using SPSS 20.0 (SPSS Inc., Chicago, 

IL, USA). For determination of data significance at  

p < 0.05, the Duncan test was used. The statistical results 

were expressed as the mean ± standard deviation and 

finally histograms were drawn using GraphPad Prism 

8.4.2 (GraphPad Software Inc., San Diego, CA, USA). 
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Table 2. Geographical data of the sampling locations 

Code Province Site Latitude/Longitude 
Altitude 

(m) 
pH 

1 Mazandaran 

 

" 

 

" 

Chalous 36˚38ʹ51ʺ N 

51˚24ʹ06ʺ E 

73 7.28 

2 Galougah 36˚43ʹ11ʺ N 

53˚48ʹ57ʺ E 

37 7.33 

3 Kiasar 36˚14ʹ21ʺ N 

53˚32ʹ37ʺ E 

1264 7.26 

4 Gilan 

 

" 

 

" 

 

" 

Amlash 37˚05ʹ24ʺ N 

50˚11ʹ58ʺ E 

22 7.33 

5 Chukam 37˚25ʹ12ʺ N 

49˚31ʹ12ʺ E 

-9 7.31 

6 Loushan 36˚37ʹ46ʺ N 

49˚30ʹ24ʺ E 

354 7.41 

7 Saravan 37˚03ʹ05ʺ N 

49˚38ʹ48ʺ E 

84 7.35 

8 Qazvin 

 

" 

 

Esmaeilabad 36˚20ʹ55ʺ N 

50˚01ʹ47ʺ E 

1479 7.64 

9 Ebrahimabad 35˚48ʹ55ʺ N 

49˚52ʹ05ʺ E 

1240 7.61 

10 Tehran 

 

" 

Fasham 35˚57ʹ19ʺ N 

51˚29ʹ50ʺ E 

2150 7.40 

11 Firouzkooh 35˚41ʹ50ʺ N 

52˚02ʹ14ʺ E 

1983 7.37 

12 Alborz 

 

" 

Taleghan 36˚10ʹ31ʺ N 

50˚46ʹ08ʺ E 

1855 7.23 

13 Dasht-e-Qazvin 36˚38ʹ51ʺ N 

51˚24ʹ06ʺ E 

1411 7.38 

14 Yazd 

 

" 

Ardakan 32˚17ʹ30ʺ N 

54˚01ʹ15ʺ E 

1054 7.73 

15 Taft 31˚46ʹ21ʺ N 

54˚15ʹ29ʺ E 

1444 7.65 

16 Qom Qom 34˚37ʹ26ʺ N 

50˚49ʹ25ʺ E 

957 7.55 

17 Kashan Kashan 34˚01ʹ17ʺ N 

51˚24ʹ01ʺ E 

947 7.66 

18 Isfahan Khomeini-shahr 36˚38ʹ51ʺ N 

51˚24ʹ06ʺ E 

1693 7.44 

19 Kerman 

 

" 

 

" 

Nosratabad 29˚30ʹ33ʺ N 

55˚36ʹ01ʺ E 

1727 7.45 

20 Najafshahr 29˚24ʹ25ʺ N 

55˚43ʹ40ʺ E 

1736 7.62 

21 Baesfahrjan 29˚26ʹ47ʺ N 

55˚38ʹ24ʺ E 

1718 7.92 

 

Results 

The studied sites showed the variations and 

differences of ecological parameters. The pH values were 

slightly neutral to alkaline ranging between  7.26–7.92. 

Solar radiation showed an increasing  in its gradient with 

respect to the altitude. The highest values were observed 

in southern regions of Iran,  with 500 cal/cm2/day in sites 

19, 20, and 21, while northern regions of the country 

showed the minimal value (300–360 cal/cm2/day). 

Indeed, the solar radiation value in site 5 (Chukam), was 

lower in compared with other sites. In studied provinces, 

the relative humidity ranged from 5–67%, which showed 

a significant difference between different sites. The 

relative humidity of the northern regions of the country 

was significantly higher than other regions. In addition, 

the highest relative humidity (67%) was observed in site 

5 (Chukam).  

Soil salinity is another factor that effects on 

distribution of cyanobacteria. Some studied stations 

including sites 19, 20, and 21 were located in the area 
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with the highest soil salinity in compare with other sites 

(Figs 1–3). 
In the present investigation, 41 heterocystous taxa 

were identified and recorded from the studied sites 

(Table 3, Fig. 4), and also several species of the genera, 

viz. Nostoc, Anabaena, Cylindrospermum, Calothrix, 

Trichormus, Wollea, Nodularia, and Hapalosiphon were 

determined. More than half of the isolates belonged to 

Nostoc (54.68%) followed by Calothrix (13.63%), 

Cylindrospermum (9.76%), Anabaena (7.32%), 

Trichormus (7.32%), Wollea (2.43%), Nodularia 

(2.43%), and Hapalosiphon (2.43%), respectively  

(Fig. 6). 

 

Table 3. The list of identified taxa with their characters and distributions in the studied sites 

No. Taxon Filament and colony color Family Site 

      1 Nostoc linckia Blue-green, brown Nostocaceae 2,7, 11, 21 

      2 N. punctiforme Blue-green, olive-green " 10, 13 

      3 N. passerinianum Blue-green, brown " 3, 10 

      4 N. commune Olive-green " 13 

      5 N. paludosum Blue-green " 1, 6, 9, 13, 17 

      6 N. calcicola Blue-green " 13 

      7 N. sphaericum Brown " 19 

   8 N. ellipsosporum Olive green, brown " 8, 18 

      9 N. verrucosume Brown " 17 

     10 N. carneum Blue-green " 2, 5 

     11 N. microscopicum Olive-green, blue-green " 3, 13,16 

     12 N. flagelliforme Blue-green " 3 

     13 Nostoc sp.1 Blue-green " 8 

     14 Nostoc sp.2 Brown " 15 

     15 Nostoc sp.3 Blue-green " 5 

     16 Nostoc sp.4 Brown " 20 

     17 Nostoc sp.5 Blue-green " 12 

     18 Nostoc sp.6 Brown " 13 

    19 Nostoc sp.7 Blue-green " 16 

     20 Nostoc sp.8 Blue-green " 4 

     21 Nostoc sp.9 Brown " 18 

     22 Nostoc sp.10 Blue-green " 6 

     23 Anabaena torulosa Blue-green " 12 

     24 A. iyengarii Blue-green " 9 

     25 Anabaena sp. Blue-green " 11 

     26 Wollea vaginicola Blue-green " 8 

     27 Cylindrospermum majus Blue-green " 8 

     28 Cy. alatosporum Olive-green " 3 

     29 Cy. longisporum Blue-green " 12 

     30 Cylindrospermum sp. Brown " 9 

     31 Calothrix capitularis Blue-green Rivulariacea 8 

     32 C. marchica Olive-green " 5 

     33 C. parietina Brown " 1 

     34 Calothrix sp.1 Blue-green " 4 

     35 Calothrix sp.2 Olive-green " 11 

     36 Calothrix sp.3 Blue-green " 9 

     37 Trichormus variabilis Blue-green Nostocaceae 11, 13 

     38 Trichormus sp.1 Blue-green " 8 

     39 Trichormus sp.2 Blue-green " 2 

     40 Nodularia harveyana Blue-green " 14 

     41 Hapalosiphon  welwitschii Olive-green Stigonemataceae 3 
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Fig. 4. Cont. in the next page. 
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Fig. 4. Cont. in the next page. 
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Fig. 4. Cont. in the next page. 
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Fig. 4. Micrographs of identified taxa under the light microscopy: A, B. Nostoc linckia, C. N. punctiforme,  

D. N. passerinianum, E. N. commune, F. N. paludosum, G. N. calcicola, H. N. sphaericum, I, J. N. ellipsosporum,  

K. N. verrucosume, L. N. carneum, M, N. N. microscopicum, O. N. flagelliforme, P. Nostoc sp.1, Q. Nostoc sp.2, R. Nostoc 

sp.3, S. Nostoc sp.4, T. Nostoc sp.5, U. Nostoc sp.6, V. Nostoc sp.7, W. Nostoc sp.8, X. Nostoc sp.9, Y. Nostoc sp.10,  

Z. Anabaena torulosa, a. A. iyengarii, b. Anabaena sp., c. Wollea vaginicola, d. Cylindrospermum majus, e. C. alatosporum, 

f. C. longisporum, g. Cylindrospermum sp., h. Calothrix capitularis, i. C. marchica, j. C. parietina, k. Calothrix sp.1, 

l. Calothrix sp.2, m. Calothrix sp.3, n. Trichormus variabilis, o. Trichormus sp.1, p. Trichormus sp.2, q. Nodularia harveyana, 

r. Hapalosiphon welwitschii (Bars = 10 µm). 

In order of occurrence, the common species 

present in most sites were Nostoc paludosum (5 sites),  

N. linckia (4 sites), and N. microscopicum (3 sites). 

Furthermore, the highest diversity of taxa was observed 

in the northern regions such as Mazandaran and Gilan 

provinces with low solar radiation, low soil salinity, and 

high relative humidity (Table 4). In particular, the 

greatest genus diversity was observed in the Mazandaran 

province, while only two genera (Nostoc and Calotrix) 

were observed in Gilan province. The lowest diversity of 

cyanobacteria (each site with only one species), was 

found in those sites that were located in regions with 

high solar radiation (500 cal/cm2/day), high soil salinity, 

and low relative humidity (Figs 1–3). Although, the 
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dominant genus was Nostoc in all regions, but diversity 

and distribution of all species of this genus were different 

along climatic conditions based on their filaments and 

colonies color (Table 4). Considering that, in sites with 

high solar radiation such as 14, 19, 20, and 21, only 

brown Nostoc species were appeared, whereas in site 5 

(Chukam), that located in northern regions with highest 

relative humidity and lowest solar radiation, only blue-

green Nostoc species were observed. Our observations 

indicated that, in northern and central regions that have 

low or medium solar radiation, blue-green and olive-

green Nostoc species with gelatinous sheath were 

dominant (Fig. 5 b & d). The most famous species of 

Nostoc i.e. N. commune, with a massive gelatinous 

sheath around filaments, was found in site 13 with low 

solar radiation, low soil salinity, and high relative 

humidity; while the brown Nostoc species, in sites with 

high solar radiation, had thin layers of gelatinous sheathe 

around their filaments (Fig. 5 a & c). 

 

Table 4. Regions categorized based on ecological conditions and Nostoc species distributions 

Region Site No. 

Solar 

radiation 
(cal/cm2/day) 

Salinity 

Relative 

humidity 

(%) 

Distribution 

Northern provinces 1–7 300–440 Low 41–67 
Species with blue-green or olive-

green filaments and colonies 

Central provinces 8–18 440–480 
Medium to 

high 
5–44 

Species with blue-green, olive- 

green and brown filaments and 

colonies 

Southern provinces 19–21 480–500 High 34–37 
Only species with brown 

filaments and colonies 

 

 

 

Fig. 5. Patterns of brown and green (olive-green or blue-green) colonies and filaments in two types of heterocystous 

cyanobacteria: a & c. Nostoc sphaericum (brown cyanobacteria), b & d. N. commune (green cyanobacteria) (Bars = 10 µm). 
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Fig. 6. Diversity of the isolated genera in the studied regions. 

 

According to the results of this study, 

photosynthetic pigments content of taxa was various. The 

contents (carotenoids and chlorophyll-a) of isolates is 

shown in a heatmap graph (Fig. 7). According to this 

chart, the cyanobacterial chlorophyll-a content along the 

solar radiation gradient significantly decreased and 

carotenoids content increased. In northern and central 

regions, the amount  of photosynthetic pigments of taxa 

were similar where higher chlorophyll-a content 

observed in compare with the southern regions. In 

addition, in southern regions that only brown Nostoc 

species were observed, these taxa have the highest 

amount of carotenoids and medium chlorophyll-a 

content. These results showed that, carotenoids as an 

important photosynthetic pigment have a protective role 

against solar radiation and protect cyanobacteria against 

the environments with high solar radiation. 

 

Discussion 

Cyanobacteria are important component of soil 

microflora. These microorganisms colonize in different 

terrestrial habitats due to their ecological tolerances 

(Garcia-Pichel & Castenholz 1991). Based on the present 

study, environmental factors such as solar radiation, 

relative humidity, and soil salinity showed some 

influences on diversity and distribution of cyanobacteria 

in terrestrial ecosystems. This research revealed that, the 

cyanobacterial diversity in regions with high solar 

radiation, high salinity, and low relative humidity was 

less than other studied sites. This study also showed the 

existence of heterocystous cyanobacterial distribution 

and diversity of 41 taxa from eight genera under three 

families in the soils of 21 sampling sites with different 

solar radiation levels around Iran. Based on the results 

derived here, heterocystous cyanobacteria were present 

in all studied sites, even though in habitats with high 

intensity of solar radiation. Among the studied 

provinces, Mazandaran province with ten genera and 

Kerman province with one genus (Nostoc) possess the 

highest and the lowest genus diversity, respectively. 

Wang et al. (2022) reported that, the amount of light, 

affects the microbial structure of cyanobacterial 

communities in natural ecosystem. Ultimately, it is 

concluded that, various cyanobacteria had different 

ecological distribution in habitats with high or low solar 

radiation.
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Fig. 7. The heatmap graph for chlorophyll-a and carotenoids in the studied species. Data are means ± standard 

deviation (n = 3). 

 
In this study, among the identified taxa, Nostoc 

species were dominant in all the studied sites and had the 

highest diversity in the soil samples of all sites as well. 

These results indicated the resistant of Nostoc species in 

compare with other taxa, even though species with brown 

colonies that were present in arid regions with high solar 

radiation. These results confirmed that, brown Nostoc 

species have an extraordinary resistance both  in arid and 

semi-arid regions. The main reason of Nostoc species 

success for better distribution in terrestrial ecosystems, is 

the presence of defense mechanisms in response to 

intense solar radiation and other abnormal conditions, 

especially synthesis brown pigments such as carotenoids 

and scytonemin (De Chazal & Smith 1994). In addition, 

amount of carotenoids in Nostoc species that belonged to 

provinces with high solar radiation were higher than 

other provinces. Carotenoid pigments in photosynthetic 

organisms act as an antenna to absorb light energy and 
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play an important protective role against irradiation 

damages that cause with reactive oxygen species (Sözer 

2011, Khanipour Roshan et al. 2015). Therefore, intense 

light induces increasing synthesis carotenoids in habitats 

with high solar radiation considering as an adaptation 

mechanism to protect chlorophyll in these organisms 

(Han et al. 2003, Gao et al. 2007). Amount of light  

can, therefore, alter the structure of cyanobacterial 

communities, their distribution in terrestrial ecosystems, 

and effects on their amount of photoprotective pigments 

to enhance the resistance of these microorganisms. 

Řeháková et al. (2011) indicated that, Nostoc 

species were adapted to high altitude and extreme 

conditions due to their well-developed defense strategies 

including synthesis gelatinous sheath. Results of the 

present study suggested that, in addition to the presence 

of gelatinous sheath, high amount of carotenoids 

compounds or other photoprotective pigments are 

important as fast mechanisms to protect cells from 

damages against solar radiation in terrestrial ecosystems. 

Previous studies also indicated that, carotenoids with 

other protective pigments such as yellow-brown color 

scytonemin in cyanobacteria play an effective role as 

sunscreens against intense radiation damages (Sinha & 

Hӓder 2008, Rosic 2019). 

Another key factor that influencing the 

distribution of cyanobacterial communities is humidity 

(Hakkoum et al. 2020). In this study, the highest variety 

of cyanobacteria was recorded in northern province of 

Iran with low solar radiation and high humidity. Soil 

enrichment and moisture condition in northern provinces 

plays an important role in the distribution and diversity 

of soil microalgae (Kooch et al. 2008, Lin et al. 2013). 

Tasie et al. (2018) showed that, there is an inverse 

relationship between humidity and solar radiation 

intensity; hence increasing in average relative humidity 

causes a decrease in solar radiation and vice versa. 

Furthermore, soil composition affects distribution 

of soil cyanobacteria, and soil salinity is an inhibition 

factor in the cyanobacterial growth and diversity 

(Rejmánková et al. 2004). However, in this study 

diversity and distribution of cyanobacteria in sites with 

low soil salinity was higher in compare with other sites. 

Hence, in sites with high soil salinity only cyanobacteria 

that belong to Nostoc genera were observed. In some 

cases, it was reported that, salinity induces the synthesis 

of exopolysaccharides and may help to increase the 

resistance of cyanobacteria in high salinity (Singh et al. 

2016, Llopis et al. 2022). Some studies reported that, 

macroscopic structure and densely aggregated trichomes 

of Nostoc species with the presence of extracellular 

gelatinous sheath around filaments are mechanisms that 

protect these microorganisms against osmotic pressure in 

environments with different levels of soil salinity (De 

Caire et al. 1997, Stal 2007, Srivastava et al. 2009). 

Therefore, these species have better salinity adaptation 

than other cyanobacterial taxa. Furthermore, Obana et al. 

(2007) results indicated that, among several taxa of 

Nostoc, those species with spherical-shaped cells showed 

a higher tolerance to dryness and salinity in compare 

with other species. 

In conclusion, this study constitutes the first 

attempt to investigate heterocystous cyanobacteria 

diversity and distribution in terrestrial ecosystems of Iran 

based on several environmental factors such as solar 

radiation gradient.  It is concluded that, solar light intensity 

affects the diversity, distribution, and photosynthetic 

pigments content in cyanobacteria. In addition, the 

distribution of cyanobacteria in terrestrial ecosystems with 

different environmental conditions is not the same, due to 

their resistance and adaptability. The study of soil 

microflora and the presence of Nostoc in all sample sites 

indicated that, it is a dominant genus in different habitats 

in Iran. The presence of the brown Nostoc species in 

ecosystems with high solar radiation confirming their 

resistance in compare with the green Nostoc species. 
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