
 ول مکاتباتئمس ۀنویسند *
 

 
 
 
 

 

   

 ها سمیکروارگانیم یشناس ستیز یفصلنامه علم

 61-75صفحه    ،  1401 زمستان   ، 44شماره     ازدهم،ی سال

 6/4/14010: رشیپذ ختاری – 24/12/1400: افتیدر خیتار

 )مقاله پژوهشی(

 
 

 

خبر در اصلاح  یپارک مل یستیجداشده از پوسته ز یانوباکترهایسنقش 

 Secale montanumمنتخب بر رشد  هیسو ریخاک و تأث های ویژگی یبرخ
 

 ::زهرا حجتی بناا  

 

 :**پریسااا مدماادی 

 عااااصرا صاااابورا: 

 رقیااااه زارعاااای رقیااااه زارعاااای 

 

میکروبیولروژی، دانشرکده علروم    میکروبیولروژی، دانشرکده علروم    گرروه  گرروه    -بناب، ایرران بناب، ایرران واحد واحد ، ، اسلامیاسلامی  علوم پایه، دانشگاه آزادعلوم پایه، دانشگاه آزاد  ۀۀگروه میکروبیولوژی، دانشکدگروه میکروبیولوژی، دانشکد

hojjati_zahra90@yahoo.com، ، تهررررررررررررررران، ایررررررررررررررران، تهررررررررررررررران، ایرررررررررررررررانزیسررررررررررررررتی، دانشررررررررررررررگاه ال هرررررررررررررررازیسررررررررررررررتی، دانشررررررررررررررگاه ال هرررررررررررررررا
 

 p.mohammadi@alzahra.ac.ir ،،علرروم پایرره، دانشررگاه ال هرررا، تهررران، ایررران علرروم پایرره، دانشررگاه ال هرررا، تهررران، ایررران   ۀۀگررروه میکروبیولرروژی، دانشررکدگررروه میکروبیولرروژی، دانشررکددانشرریار دانشرریار 

 saboora@alzahra.ac.ir  ،،علررروم زیسررتی، دانشررگاه ال هرررا، تهررران، ایرررران    علررروم زیسررتی، دانشررگاه ال هرررا، تهررران، ایرررران      ۀۀگررروه علرروم گیرراهی، دانشررکد    گررروه علرروم گیرراهی، دانشررکد    دانشرریار  دانشرریار  

 r.zarei@alzahra.ac.ir  ،،علررروم زیسرررتی، دانشرررگاه ال هررررا، تهرررران، ایررررانعلررروم زیسرررتی، دانشرررگاه ال هررررا، تهرررران، ایرررران  ۀۀگرررروه علررروم گیررراهی، دانشرررکدگرررروه علررروم گیررراهی، دانشرررکد  اسرررتادیاراسرررتادیار
 

 

 کیدهچ

  نشرده نشرده   مطالعره مطالعره   تراکنون   آنآن  سریانوباکتری سریانوباکتری   جمعیرت جمعیرت   کهکه  استاست  ایرانایران  ارزشمندارزشمند  طبیعیطبیعی  منابعمنابع  ازاز  یکییکی  خبرخبر  ملیملی  پارکپارک  مقدمه:مقدمه:

  دردر  حیراتی حیراتی   نقر  نقر    کره کره   انرد انرد   خشکیخشکی  وو  آبیآبی  هایهای  محیطمحیط  دردر  نیتروژننیتروژن  کنندۀکنندۀ    تثبیتتثبیت  هایهای  باکتریباکتری  ترینترین  مهممهم  هاها  سیانوباکتریسیانوباکتری. . استاست

  مناطقمناطق  ازاز  جداشدهجداشده  سیانوباکتریسیانوباکتری  هایهای  گونهگونه  نق نق   تعیینتعیین  هدفهدف  بابا  حاضرحاضر  مطالعهمطالعه. . دارنددارند  خشکخشک  نیمهنیمه  وو  خشکخشک  هایهای  اکوسیستماکوسیستم

و ترثییر  و ترثییر    هرای خراک، انمرام   هرای خراک، انمرام     در برخی ویژگیدر برخی ویژگی  خبرخبر  ملیملی  از پارکاز پارک  گرمگرم  وو  سردسرد  استپاستپ  دودو  دردر  نخوردهنخورده  خورده و دستخورده و دست  دستدست

 بررسی شد.بررسی شد.  مونتانوممونتانوم  سکالهسکالهگونه منتخب بر رشد گیاه مرتعی گونه منتخب بر رشد گیاه مرتعی 

کشرت  کشرت   BG11  ططییمحر محر   ییو روو رو  جردا جردا   سخت خشرکی، سخت خشرکی،   ستمستمییها از اکوسها از اکوس  ییانوباکترانوباکترییر مطالعه حاضر، سر مطالعه حاضر، سدد  ها:ها:  مواد و روشمواد و روش

  ننییهترر هترر عنروان ب عنروان ب   ههبر بر   اایی. نردورر . نردورر شرد شرد سرنم   سرنم    Real Time-PCR اسرتفاده از اسرتفاده از   ها برا ها برا   ههییجداجدا  ییدر تمامدر تمام nifH ژنژن  انانییشد. سپس بشد. سپس ب

  ییییااییممییبرا کرود شر   برا کرود شر     ببیر یر و در ترکو در ترک  ییییبه تنهرا به تنهرا   ییگلدانگلدان    ییآن در آزماآن در آزما  تتییانتخاب و فعالانتخاب و فعال  تروژن،تروژن،یینن  ۀۀکنندکنند  تتییتثبتثب  ییانوباکترانوباکترییسس

  للیر یر و تحلو تحل  ههیر یر تم تم نترای   نترای   و و شد شد مختلف استفاده مختلف استفاده   ییییااییممییو شو ش  ییککیی  ییفف  هایهایبا ویژگیبا ویژگیاز سه خاک از سه خاک در این مطالعه در این مطالعه شد. شد.   ییبررسبررس

 ..شدشد
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  دردر  رارا  نیترروژن نیترروژن   میر ان میر ان   زیسرتی، زیسرتی،   کرود کرود   یکیک  عنوانعنوان  بهبه  سیانوباکتری منتخب ندورریاسیانوباکتری منتخب ندورریا  بابا    خاکخاک  تلقیحتلقیح  دادنددادند  نشاننشان  نتای نتای   نتایج:نتایج:

  ..داد و بدین ترتیب امکان کاه  مصرف کودهای شریمیایی را فرراهم کررد   داد و بدین ترتیب امکان کاه  مصرف کودهای شریمیایی را فرراهم کررد     اف ای اف ای   خاک مخلوطخاک مخلوط  وو  کشاورزیکشاورزی  خاکخاک

  تقویرت فعالیرت  تقویرت فعالیرت    وو  TN ،SOC ، ،SOMافر ای  مقرادیر   افر ای  مقرادیر     ققیر یر خاک را ازطرخاک را ازطر  ییهاها  ییژگژگییوو  ییبرخبرخ  ییارتقاارتقا  ییییتواناتوانااین باکتری این باکتری 

 دارد.دارد.  ییممییآن آن 

  برابرر برابرر   دردر  مقاومتمقاومت  وو  مکانیکیمکانیکی  شکستشکست  ازنظرازنظر  خاکخاک  پایداریپایداری  اف ای اف ای   باعثباعث  منتخبمنتخب    سیانوباکتریسیانوباکتری  گیری:گیری: بدث و نتیجهبدث و نتیجه

  بسیاربسیار  بیابانیبیابانی  وو  خشکخشک  خاک مناطقخاک مناطق  دردر  ویژهویژه  بهبه  این موضوعاین موضوع  بخشید؛بخشید؛  بهبودبهبود  رارا  خاکخاک  ساختارساختاراز این نظر   وو  شدشد  شدنشدن  خشکخشک

 ..استاست  اهمیتاهمیت  حائ حائ 

 سکاله مونتانومسکاله مونتانوم  نیتروژن،نیتروژن،  تثبیتتثبیت  خبر، نودورریا،خبر، نودورریا،  ملیملی  پارکپارک  زیستی،زیستی،  پوستهپوسته  های کلیدی:های کلیدی:  واژهواژه
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Abstract 

Introduction: Khabr National Park is one of the valuable natural resources in Iran, and its 

cyanobacterial population has not been studied yet. Cyanobacteria are the most important 

nitrogen-fixing bacteria in all aquatic and terrestrial environments, playing a vital role in 

arid and semi-arid ecosystems. The present study aimed to determine the role of different 

cyanobacterial species isolated from the grazed and not grazed areas in two cold and warm 

steppes of Khabr National Park on some soil properties and the effect of the selected 

cyanobacteria on Secale montanum growth. 

Materials and Methods: In the present study, cyanobacteria were isolated from a harsh 

terrestrial ecosystem and cultured on a BG11 medium. Next, the expression of the nifH 

gene was assayed in all nitrogen fixing isolates using the Real Time-PCR. Then, the best 

nitrogen-fixing cyanobacteria (Nodularia. sp.) was selected and its activity was 

investigated in pot experiments alone and in combination with chemical fertilizer. Three 

different soils in terms of physical and chemical properties were analyzed. 

Results: The results indicated that the treated soils with Nodularia sp. as a biofertilizer can 

significantly increase nitrogen content of both agricultural soil and mixed soil. 

https://creativecommons.org/licenses%20by-nc-nd/4.0/
https://bjm.ui.ac.ir/article_27161.html
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Consequently, Nodularia sp. has the ability to promote some characteristics of the studied 

soil through improving TN, SOC, SOM, and enzyme activities. 

Discussion and Conclusion: It can be concluded that the selected cyanobacterium 

increase soil stability in terms of mechanical fracture and resistance to desiccation and 

improve soil structure, which is very important, especially in arid and desert soil. 

Key words: Biocrust, Khabr National Park, Nodularia sp., Nitrogen Fixation, Secale 

Montanum. 

 

Introduction 

The desert has not been able to support 

the growth of many various plants. 

Furthermore, the soils of arid and semi-arid 

regions suffer from major limitations such 

as weak physical soil properties, low 

fertility, low organic carbon contents, and 

high salinity level, which lead to low water 

penetration and increase soil erosion (1).  

Recent investigations have shown that 

desert ecosystems are relatively complex 

and rich in terms of biological factors (2, 3, 

4). In many arid and semiarid ecosystems, 

biological soil crusts or biocrusts include 

algae, cyanobacteria, mosses, hepatica, 

fungi, and lichens, which cover a few 

millimeters above the soil and are the most 

important alive parts of these regions (5). 

They encompass a specific alive 

community and have significant effects on 

key processes of ecosystems (6, 7) such as 

soil respiration (8), nitrogen fixation, soil 

stability, and drainage (5, 9). In the two 

past decades, increasing global attention 

was observed in the biological soil crusts 

by scientists, and has improved our 

knowledge about the structure, 

composition, physiology, and biogeography 

of these crusts. These biocrusts cover more 

than 70% of the soil surface of these 

regions (10). 

Cyanobacteria as photosynthetic 

microorganisms of biocrusts play a key 

role in nitrogen fixation, which are capable 

to feed the soil food (10). These 

microorganisms can significantly adapt 

themselves to a vast spectrum of 

environmental conditions such as 

humidity, temperature, light exposure, and 

pH (11). Mostly, cyanobacterial cells are 

covered by a hygroscopic polysaccharide 

sheath, which helps the cyanobacteria 

against drought stress (12). Due to 

polysaccharides sheaths, soils can stick 

together in the root area  (1, 13).. A number 

of studies focused on increasing crop yield 

by using cyanobacteria as biofertilizers 

(14, 15).  

In recent studies, the presence of 

cyanobacteria was detected in semi-arid 

soils of Iran (4, 16, 17). In this study, we 

tried to investigate the role of 

cyanobacteria in the modification of some 

soil characteristics and its effect on plant 

growth as a biofertilizer. For this reason, 

the impact of cyanobacteria on alteration 

of some growth parameters of Secale 

montanum was assayed. Secale montanum 

is a range plant that can grow in natural 

ecosystems in poor, non-fertile, and sandy 

soils such as desert soil. 

 

Materials and Methods 

The Site and Soil Sampling: Khabr 

National Park is an area with 149934 

hectares placed in N28°25' to N28°59 

latitude and E56°02' to E56°39' longitude 

near the south of Baft city of Kerman 

province, Iran. This park was registered as 

a national park in 2001. Soil sampling was 

taken from two regions of Khabr National 

Park, including cold and hot steppe 

regions. This area encompassed two 

grazed and not grazed areas. The sampling 

was carried out from 0-15 cm depth of soil 

surface in the spring and autumn of 2016. 
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Culturing of Cyanobacteria: The soil 

samples were cultured in BG-11 solid 

medium containing the following: NaNO3 

(1.5 g), NaHCO3 (1.7 g), K2HPO4 (0.031 

g), MgSO4.7H2O (0.075 g), CaCl2 .H2O 

(0.036 g), Na2CO3 (0.020 g), C6H8O7 

(0.006 g), C6H8FeNO7 (0.006 g), EDTA 

(0.001 g), H3BO3 (2.86 g), MnCl2.4H2O 

(1.81 g), ZnSO4.H2O (0.220 g), 

Na2MoO4.2H2O 0.390 g, CuSO4.H2O 

(0.080 g), CoCl2.6H2O 0.040 g, and 1L 

H2O (18, 19). All materials were 

purchased from Merck Company. 

To assay the expression of the nifH 

gene, at first, it was necessary to isolate 

and identify the isolates. For isolation of 

cyanobacterial strains, the samples were 

cultured under aseptic conditions and 

incubated at 25 ºC under 2500 lux and 

photoperiod of 16h light/ 8h darkness and 

incubated for 2 weeks. The morphology of 

the isolates was compared with the 

identification keys (20, 21). Then, 

molecular identification of the isolates was 

performed via amplification and 

sequencing of the 16SrRNA genome by 

using cyanobacterial-specific primers. The 

forward primer was CYA359F with 

5'(GGGGAATYTTCCGCAATGGG) 3' 

sequences and the reverse primer was 

CYA781R (CYA781R (a) with 5' 

(GACTACTGGGGTATCTAATCCCATT) 

3' and CYA781R (b) 5' 

(GACTACAGGGGTATCTAATCCCTTT) 

3' sequences (11, 21, 22) which was 

previously reported (36).  
Selection of Nitrogen-fixation 

Cyanobacteria: All the isolated 

cyanobacteria were inoculated in 50 ml 

tubes containing 15 ml BG0 broth medium 

and incubated at 25±2˚C. After 48 hours, 

the nitrogen fixation was determined via 

acetylene reduction assay. The expression 

levels of the nif H genes for the nitrogen 

fixation were measured using the real 

time-PCR technique (17). RT-PCR was 

performed using Sybr® Premix Ex 

Taq™II Takara kit. The Applied 

Biosystems™ StepOne™ Real-Time PCR 

system was used to record changes in the 

fluorescence dye. Reactions were 

performed in a total volume of 12.5 μl, 

containing 4 μl cDNA template (diluted 

1:20), 6.25 μl 2X SYBR green master mix, 

and 0.1 μM of each forward and reverse 

primers of nifH or 16S rRNA. The relative 

expression of nifH was assessed in 

comparison to 16S rRNA, as an internal 

control reference. The experiments were 

carried out twice and each time in 

triplicate. All controls were excluded from 

primers. The RT- PCR was conducted 

according to this program: initial 

activation phase at 95 °C in 1 min, 

denaturation phase at 95 °C in 5 s, 

annealing phase at 60 °C for 34 s, and was 

repeated 40 times. The gene expression of 

nifH was determined in different groups 

using the 2 
_Δct

 method. 

Plant and Pot Experiments: Seeds of 

Secale montanum as a rangeland plant 

were purchased from Pakan Bazr 

Company (Esfahan, Iran) in 2017. 

At first, Secale montanum seeds were 

soaked and kept in the refrigerator 

overnight. The seeds were then placed 

under running water (2 hours), followed by 

sterilization with 70% ethanol (2 minutes), 

washed with distilled water (2 times), and 

embedded in sodium hypochlorite 1% (15 

minutes). After that, the seeds were 

washed with sterile water three times. 

Finally, the seeds were incubated at room 

temperature between two layers of filter 

paper. After germination, 10 seedlings 

with 2 cm length were planted into the 

pots (12cm diameter) which were filled 

with 2kg agriculture or desert soils alone 

or a mixture of them (1:1) based on the 

following table. 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C6H8FeNO7&sort=mw&sort_dir=asc
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Table 1- Different Soil Treatments Used for Planting 

Treatment 

number 
Sterility of soil Agriculture soil Desert soil 

Cyanobacterial 

inoculation 

1 

Unsterile 

+ - - 

2 + - + 

3 - + - 

4 - + + 

5 + + - 

6 + + + 

7 

Sterile 

+ - - 

8 + - + 

9 - + - 

10 - + + 

11 + + - 

12 + + + 

 

The selected cyanobacterial suspension 

was prepared with concentration of 0.01 

g/100 ml in phosphate buffer. Afterward, 

100 ml of microbial suspension was poured 

into each pot. This prepared inoculation 

was added to each pot on the 1
st
, 5

th
, and 

10
th

 days. Furthermore, the nutrient solution 

was also prepared according to Table 2 

(30). To prepare 10 liters of nitrogen-free 

nutrient solution it was added 5 ml of each 

stock solution to 5 liters of distilled water 

according to Table 2. After stirring, it was 

added another 5 liters of distilled water and 

was set pH between 6-6.8. Irrigation of all 

pots was carried out with water and nutrient 

solution (1:1) to reach the farm capacity 

(Table 2). The temperature of the 

greenhouse was adjusted to 25 ºC day/ 15 

ºC night. After 15 days of planting the 

germinated seeds, some soil 

physicochemical characteristics including 

electrical conductivity (EC), pH, soil 

organic carbon (SOC), soil organic matter 

(SOM), total nitrogen (TN), soil texture, 

dehydrogenase enzyme activity (DHA), 

alkaline phosphatase activity (ALP), as 

well as some growth parameters such as 

length of root, shoot and leaf, fresh and dry 

weight, and protein content of the plants 

were measured (9). 

  
Table 2- Components of Nutrient Solution (30) 

Stock number Chemical formula Concentration (g/l) 

1 CaCl2 .2H2O 294.1 

2 KH2PO4 136.1 

3 

Fe- Citrate 

MgSO4.7H2O 
K2SO4 

MnSO4 

5.4 

123.3 
87.0 

0.338 

4 

H3B3 
ZnSO4.7H2O 

CoSO4.7H2O 

CuSO4.5H2O 
Na2MoO4.2H2O 

0.247 
0.288 

0.056 

0.100 
0.048 

 

Table 3- Combination of Chemical Fertilizer and Cyanobacterial Inoculation in Soil Treatments 
Chemical fertilizer (ml) Cyanobacterial suspension (ml) Soil Treatment number 

- 10 

Agriculture soil 

1 

10 - 2 

2.5 7.5 3 

5.0 5.0 4 

7.5 2.5 5 
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- 10 

Desert soil 

6 

10 - 7 

2.5 7.5 8 

5.0 5.0 9 

7.5 2.5 10 

- 10 

Mixed soil 

11 

10 - 12 

2.5 7.5 13 

5.0 5.0 14 

7.5 2.5 15 

 

In the second group of experiments, 

chemical fertilizer was consumed along 

with the nitrogen-fixing cyanobacteria. In 

this regard, the bacterial suspension was 

prepared by adding 0.01 g of the 

cyanobacteria to 100 ml of distilled water. 

Furthermore, a chemical fertilizer including 

46% urea fertilizer (CH4N2O) and 21% 

ammonium sulfate fertilizer (NH4)2SO4 was 

mixed in 1:1 (w/ w) and prepared 0.01 

g/100 ml of water. Then, the pots were 

irrigated by 10 ml of a mixture of 

cyanobacterial suspension and chemical 

fertilizer solution according to Table 3. 

After that, irrigation was performed with 

water and nutrient solution. The plant 

leaves, stems, roots, as well as soils were 

sampled 15 days after seed germination for 

further analysis. 
The Soil Physico-Chemical Analysis: 

Quantitative analysis of various physico-

chemical parameters of the soils was 

carried out for each treatment. EC and pH 

of saturation extract of soils were measured 

using a conductivity meter (Lutron CD-

4306) and pH meter (Mettler toledo), 

respectively. TOC was determined by the 

rapid dichromate titration method (23, 24, 

25) and TN was estimated based on the 

modified Kjeldahl method (23). Soil texture 

was examined (23, 24, 25). 

The Soil Biological Analysis: To evaluate 

DH activity, 6 g of soil in 1 ml of 3% tri-

phenyl tetrachloride was incubated and the 

absorption was measured at 485 nm by 

spectrophotometer (26). ALP was assayed 

in 1 g of soil suspended in 1 ml of 

modified phosphate buffer (pH 11), along 

with  1 ml of p-Nitro phenyl phosphate. 

Next, the absorbance was measured at 440 

nm (25).  

Plant Growth Analysis: Length of root, 

shoot, and leaf of plants as well as their 

fresh and dry weight (48 h at 70 
o
C) were 

measured. The protein content of the 

plants was determined by using the 

Bradford method (9). 

Statistical Analysis: All of the 

experiments were conducted in three 

replicates. The data were presented as 

mean± standard deviation (SD). The data 

were performed by one-way variance 

analysis (ANOVA) followed by the 

Duncan’s Multiple Range Test (DMRT) to 

compare means and determine the 

differences between treatments (p <0.05). 

The SPSS software package version 22.0 

was used for statistical analysis. 

Results 
The Results of Identification of 

Cyanobacterial Isolates: Molecular 
identification of the cyanobacterial isolates 
by using CYA359F and CYA781R primers 
which were previously carried out, as 
presented in Table 4 (36).  

The Result of RT-PCR: The nifH, as a 
marker gene, was used to study the diversity 
and ecology of nitrogen-fixing bacteria. The 
results demonstrated that nifH gene 
expression in Nodularia sp. was more than 
that of the other strains. After that, the 
highest level of nifH gene expression was 
observed in Chroococcidiopsis sp., 
Synechococcus sp., and Leptolyngbya sp., 
respectively. According to the results, the 
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superior strain, Nodularia sp. was selected for pot experiments. 
 

Table 4- The Results of Molecular Identification of Cyanobacterial Isolates 
Identical 

sites 
Query 

coverage 
BLAST match Region Accession number No 

99 100 Nodularia sp. Grazed JQ927348 1 

99 99 Chroococcidiopsis sp. Grazed MF467540.1 2 

99 99 Chroococcidiopsis sp. Not grazed MF467540.1 3 

98 100 Leptolyngbya sp. Not grazed pRF1-p7 4 

99 94 Synechococcus sp. Not grazed AY274622 5 

 
.The Results of Soil Physico-Chemical 

Analysis: The characteristics of three types 
of soils was listed in Table 5. As reported in 
many studies, the EC depends on the texture 

of the soil. The agriculture and mixed soil 
revealed lower EC, while the desert soil with 
clay loam texture, showed higher EC. 

 
Table 5- The Result of Soil Physico-Chemical Analysis 

pH EC (mS/m) Soil texture Soil type 

8.08 47.4 Sandy loam Agriculture 

8.6 96.6 Clay loam Desert 

8.1 33.5 Sandy-Clay loam Mixed 

 
Twenty-first days after inoculation of 

cyanobacteria in the first culture (Table 1), 
the EC did not show any significant 
differences, except for the treatments of 7 
(EC 11.4 mS/m) and 8 (EC 6.1 mS/m) (Fig. 
1 A).  

The acidity of all the tested soils varied 
from 7.97 to 8.61. The pH of the desert soil 
was relatively higher (8.59) than the 
agricultural soil (8.09) and mixed soil (7.98) 
(Fig. 1 B). In the sterilized soil, 
cyanobacterial inoculation did not 
significantly change the soil pH. 

Total nitrogen contents of the soil 
agriculture, desert, and the mixturee of 
inoculated with Nodularia sp. were 1.18, 
1.33, and 1.19 fold higher than uninoculated 
soils, respectively as presented in Table 1. In 
the sterilized soils, which were inoculated 
with Nodularia sp., TN of the agriculture, 
desert and mixed soils were 1.22, 1.9, and 
1.39 folds more than TN of the treatments of 
7, 9 and 11, respectively. Therefore, the 
differences were not significant (Fig 1 C).  

Contents of SOM in the soil of 
agriculture, desert, and mixed soils which 
were inoculated with Nodularia sp. were 2, 
1.33, and 1.77 folds higher than the 
treatments of 1, 3 and 5, respectively. The 
inoculation of Nodularia sp. to the sterilized 

soil of agriculture, desert, and mixed 
resulted to the rise of this parameter to 1.11, 
1.27, and 1.07  fold more than the SOM of 
the treatments of 7, 9, and 11, respectively, 
and therefore the differences were not 
significant (Fig 1 D). 

The organic carbon of the agriculture, 
desert, and mixed soils inoculated with 
Nodularia sp. increased 2.05, 1.56, and 1.72 
folds in the treatments of 1, 3, and 5, 
respectively. The inoculation of 
Nodulariasp. to the sterilized agriculture, 
desert, and mixed soils resulted to the 
increase of 1.856, 1.9, and 2.04 folds higher 
than the SOC of the treatments of 7, 9, and 
11, respectively, and therefore the 
differences were significant (Fig 1 E). 

There were significant differences 
between means of ALP activity in sterilized 
(treatment 1-6) and unsterilized soils 
(treatments 7-12) (Fig 1 F). Furthermore, the 
ALP activity differences observed between 
inoculated and uninoculated soils were the 
most in treatments of 6 and 2 and the least in 
treatments 3 and 4. 

There were significant differences 
between means of DH activity in sterilized 
(treatment of 1-6) and unsterilized soils 
(treatments of 7-12) (Fig 1 G). Furthermore, 
the DH activity differences observed 
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between inoculated and uninoculated soils 
were the most in treatments of 1 and 2, and 
the least in treatments 3 and 4. 

The Results of Plant Growth Analysis: 

The effect of the selected cyanobacteriun on 
Secale montanum growth in different soil 
treatments was assayed and shown in figure 
4 (A-F). According to Table 1, the seedling 
was not grown on the desert soils well 
(treatment 3, 4, 9, and 10). Among the other 
8 treatments, the longest leaf length was 
observed in the agriculture soil (Fig 4B), 
which was inoculated by cyanobacteria (Fig 
2A, treatment 2). The leaf length of the 
plants grown on the sterilized agriculture 
soil did not show significant differences 
from the control soil (Fig 2A, treatments 5 
and 6, Fig 4E). The leaf length of the plants 
grown on the mixed soil decreased 
significantly, which was 50% lesser than the 
control (Fig 2A, treatments of 3, 4, 7, 8). 

Among 8 treatments, the highest shoot 
length was observed in the inoculated 
agriculture soil (Fig 2B, treatment 2, Fig 
4B). The shoot length of the plants grown on 
the sterilized agriculture soil did not show 
significant differences from the control (Fig 
2B, treatments 5 and 6). The shoot length of 
the plants grown on the mixed soil decreased 
significantly, which was 42- 55 % lesser 
than the control (Fig 2B, treatments of 3, 4, 
7 8, Fig 4A, C). 

In 8 treatments, the longest root length 
was observed in the agriculture soil, which 
was inoculated with cyanobacteria (Fig 2C, 
treatment of 2, Fig 4B). The root length of 
the plants grown on the sterilized agriculture 
soil did not show significant differences in 
comparision to the control (Fig 2C, 
treatments of 5, 6). The root length of the 
plants grown on the mixed soil decreased 
significantly, which was 13-20 % lesser than 
the control (Fig 2C, treatments 3, 4, 7, 8). 

The average of the relative water content 
of the seedlings grown in the unsterilized 
agriculture and mixed soils, inoculated and 
uninoculated ones was not significantly 
different. The plants grown on the mixed 
soil showed slightly higher relative water 
content in comparison to the control (Fig 
2D). 

The average of fresh weight of the 
seedlings showed significant differences 
between the agriculture and mixed soils in 
both sterilized and unsterilized treatments 
(Fig 2E, treatments of 1, 2, 5 and 6 against 
3, 4, 7 and 8). 

The dry weight of seedlings grown in the 
unsterilized agriculture soil and mixed soil 
inoculated with Nodularia sp. showed 
significant differences as presented in Figure 
2F, although plants grown on the mixed soil 
revealed 20-33 % reduction in dry weight. 

Among 8 treatments, the Total Nitrogen 
(TN) contents of the plants grown on the 
agriculture soil, which was inoculated by 
cyanobacteria (Fig 2G, treatment of 2) was 
1.25% higher than the control. The TN of 
the plants grown on the sterilized agriculture 
soil did not show significant differences 
from the control (Fig 2G, treatments of 5 
and 6). The TN of the plants grown on the 
mixed soil decreased significantly, 31- 43% 
lesser than the control (Fig 2G, treatments of 
3, 4, 7, and 8). 

The average of the protein content of 
seedlings grown in unsterilized agriculture 
and mixed soils inoculated with Nodularia 
sp. had a significant difference even higher 
than the control. Furthermore, the protein 
content of the seedlings grown on both 
sterilized inoculated and uninoculated soils 
was significantly less than the control (Fig 
2H, treatments of 4-8). 
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Fig. 1- The changes in the soil physicochemical parameters of EC, pH, TN, SOM, SOC, ALP, and DH with and 
without cyanobacteria inoculation. The different letters on the columns indicated a significant difference between 
the average at P <0.05. The treatment number is presented according to Table 1. 
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Fig. 2- The plant growth analysis of Secale montanum cultured on the inoculated and uninoculated soils. The 
different letters on the columns indicated significant differences at P <0.05.. The treatment number is presented 
according to Table 1.  
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Evaluation of the statistical results 

regarding to the changes in the measured 

factors due to cyanobacterial inoculation 

(Nodularia sp.) and chemical fertilizer 

showed that the most average electrical 

conductivity was obtained at 7.8 and 6.9 

dS/m for the soil treated by cyanobacteria 

(100%) and cyanobacteria-chemical 

fertilizer (25:75%), respectively. While as 

shown in Figure 3A, the soil treated with 

100% chemical fertilizer led to less 

electrical conductivity (1.6 dS/m). 

Furthermore, the acidity of the treated 

soils varied from 7.98 to 8.6 (Fig 3B). The 

highest pH belongs to the desert soils 

treated with cyanobacteria-chemical 

fertilizer whereas the lowest pH belongs to 

the mixed and agriculure soils. No 

significant difference was observed within 

three groups of soils given the average 

acidity. 

The average total nitrogen content of 

the soil in treatments 2 and 4 of agriculture 

soil with 100% and 50% fertilizer was 

5.90 and 3.63 times greater than the 

control, respectively. Moreover, the 

average of total nitrogen in soils treated 

with different ratios of cyanobacteria-

chemical fertilizers was not significant. 

However, nitrogen content increased in the 

treatment of 11-15 in the mixed soils (Fig 

3C). 

The average soil organic carbon content 

in treatment of 2 and 4 of agriculture soil 

with 100% and 50% fertilizer, respectively 

was the most and in treatments of 6 and 10 

was the least. Furthermore, the average of 

soil organic carbon content of treatments 

of 2, 4, 12, and 14 exhibited a significant 

difference. As shown, there was a 

significant difference among treatments of 

6-10 compared to other treatments (Fig 

3D).  

The average soil organic matter content 

was maximum in treatments of 2, 4, and 

12 with 100% and 50% of fertilizers. 

Moreover, the minimum average soil 

organic matter content was in treatments 

of 6, 8 and 10 (Fig 3E). 

The average alkaline phosphatase 

acitivity of soil treatments was 

significantly different. The average 

alkaline phosphatase was maximum in 

treatments 12, 2, 4, and 14 with 100% and 

50% of fertilizers. Moreover, the average 

soil alkaline phosphatase was minimum in 

treatments 6, 8, and 10 (Fig 3F). 

The average dehydrogenase acitivity of 

soil treatments was also significantly 

different. The average dehydrogenase was 

maximum in treatments 2, 12, 4, and 14 

with 100% and 50% of fertilizers. 

Moreover, the average soil dehydrogenase 

was minimum in treatments 6-10 (Fig 3G). 
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Fig. 3- Changes in the average physicochemical parameters of different soils with and without inoculation of 

cyanobacteria and chemical fertilizer based on Table 3. The different letters on the columns indicated the 

significant differences between the average at P <0.05. 
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Fig. 4- The effect of the selected cyanobacterium on Secale montanum growth in different soil treatments. A) 

Mixed soil without cyanobacterial inoculation (control), B) Agriculture soil with cyanobacterial inoculation, C) 

Mixed soil with cyanobacterial inoculation, D) Sterilized desert soil with cyanobacterial inoculation, E) Desert 

soil with cyanobacterial inoculation, F) Sterilized agriculture soil with cyanobacterial inoculation. 

 

Discussion and Conclusion 

Biological crusts have a crucial role in 

the soil structures, and cyanobacteria 

areone of the important microorganisms in 

these crusts. Due to the presence of 

cyanobacteria, the crusts are able to do 

nitrogen and carbon fixation and studies 

were shown that natural cycles of nitrogen 

and carbon are very essential for soil 

fertility. Thus, improvement of the soil 

structure with microorganisms and at 

several centimeters depth can increase 

fertility, especially in poor soil (3, 27, 28). 

The electrical conductivity parameter 

can be used as a marker of soil salinity. It 

was reported that cyanobacteria can decline 

the soil EC. This occurs via adsorption and 

consequently they will alter the acidity of 

soils (29). Our experiments indicated that 

EC has been reduced the presence of 

cyanobacteria in the sterilized agricultural 

soil remarkably.  

The increased pH in the soil can be 

considered an undesirable factor for soil 

quality (30, 31) and desert soil showed 

alkaline properties, and its pH improved 

when mixed with agricultural soil.  

The results of all experiments showed 

that Nodularia sp. significantly increased 

TN. In this regard, it was reported that 

cyanobacteria are the most important 

nitrogen-fixing microorganisms in 

agricultural soils. Moreover, this bacterium 

can fix carbon in the soil, and carbon 

fixation enhances soil fertility too (32). The 

clay loam soil such as agricultural soil has 

more TN than the desert silty soil (33). 

Between chemical and biological 

properties of the soils, enzymes are more 

sensitive to changes in soils. Based on the 

results, DH activity was significantly 

increased in the mixed soil which can be 

attributed to the presence of diverse 

microorganisms in this soil. One of the 
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most important biological source of 

enzymes is the microorganism (26, 34). 

The increase of TN, protein, fresh and 

dry weight, lengths of leaf, root, and stem 

was achieved in the inoculated unsterilized 

agricultural soil, which can be attributed to 

the impact of the presence of cyanobacteria 

and other microorganisms. This can 

promote the plant growth. Furthermore, 

Nodularia sp. can synthesize and secrete 

growth regulator factors such as auxin, 

various amino acids, and antibiotics 

resulting to the growth of the plant. 

Moreover, cyanobacteria can rise up the 

accessibility of nutrients through 

optimizing pH and increasing their 

solubilities too (34). Although chemical 

fertilizers can increase the amount of 

nitrogen in soils, their impacts on other 

organic matters are very low (35).  

The results showed that Nodularia sp. 

had a significant impact on soil properties 

quantitatively and qualitatively, as well 

plant growth. It can be concluded that 

Nodularia sp. have the ability to progress 

some characteristics of the studied soil 

through improving TN, SOC, SOM, and 

enzyme activities. Consequently, this 

cyanobacterium can promote plant growth 

through better availability of nitrogen 

sources and some soil properties. 

According to these results, the combination 

of biofertilizers and chemical fertilizers is 

suggested to decline the used dosage of 

hazardous chemical fertilizers, as a friendly 

environmental approach. 
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