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Abstract

Floristic study of cyanobacteria in the
terrestrial habitats of Iran, revealed several
taxa belonging to seven genera. Soil samples
were collected from natural habitats of me-
dicinal plant, Tanacetum parthenium, locat-
ed in four provinces of Iran (Qom, Isfahan,
Lorestan, Razavi Khorasan Provinces). All
studied provinces are located in semi-arid re-
gions of the country. The results of this study
indicated the presence of 13 species belong
to three families of cyanobacteria. Among
these families, Nostocaceae with four genera
and eight species showed the highest diver-
sity, whereas Rivulariaceae with one genera
and one species exhibited the lowest diver-
sity. Among several heterocystous and non
heterocystous taxa, Nostoc and Oscillatoria
were found to be the most dominant genera
in almost all the studied sites. Wollea and
Cylindrospermum with limited distribution
in terrestrial habitats of Iran were found.
Therefore, part of the current systematic
study has been done with emphasis on these
two specific taxa. A distribution of local area
and camera lucida pictures of identified taxa

is subjected in this study.
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Introduction

Algae are an important part of the surface
soil and play a special role in soil health and
dynamics (Metting, 1981). Blue-green algae
(cyanobacteria) are one of the most import-
ant and most efficient groups of algae, be-
cause they can affect properties of the soil
and play a special role in the growth and
productivity of plants through their ability
to stabilize nitrogen and the production of
growth-promoting metabolites. Cyanobac-
teria are also capable to release complex or-
ganic carbon compounds in the rhizosphere
(Chamizo et al., 2018), which can improve
soil density, texture, permeability, and water
holding capacity through the binding to soil
particles (Kaushik, 2007). So that, the posi-
tive effects of cyanobacteria as a biofertiliz-
er for some crops and medicinal plants such
as saffron (Crocus sativus L.), mint (Mentha
aquatica L.), peppermint (Mentha piperita
L.) and savoury (Satureja hortensis L.) were

emphasized in previous studies (Riahi et al.,
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2013; Zand et al., 2015; Shariatmadari et al.,
2015).

Due to the practical value of these photo-
synthetic microorganisms as bio-fertilizers
and regarding the importance of medicinal
plants in human societies, in recent decade,
the study of the cyanobacteria present in
bed soil of medicinal plants has been em-
phasized by several researchers (Riahi et al.,
2013, Riahi et al., 2017). Tanacetum parthe-
nium (L.) Sch. Bip. or fever few known as
a perennial herbaceous medicinal plant with
a right stem and pinnatifid leaves and be-
longs to Asteraceae family. This species is
expanded throughout the northern, western,
central and eastern parts of Iran and is used
to treat diseases such as fevers, migraine
headaches, rheumatoid arthritis, stomach
aches, toothaches and insect bites (Pareek
et al., 2011). In addition, this plant has an-
tibiotic and anticancer agent (Pareek et al.,
2011; Mathema et al., 2012). Like any other
plant, the growth and productivity of fever-
few can be improved by applying the bio-
fertilizers, including algae based fertilizers,
because of the ability of these organisms to
produce growth stimulants such as auxins,
amino acids, sugars and vitamins (Sergeeva,
2002; Singh et al., 2016). There are also re-
ports implying the ability of these photosyn-
thetic organisms to produce antifungal and
antibacterial compounds (El-Mougy and
Abdel-Kader, 2013).

The study of algal flora, especially cyano-
bacterial flora of terrestrial ecosystems of
Iran has no long history and returns to last

decade. Due to limited information present
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about the algal flora of terrestrial ecosys-
tems, especially the microflora of several
plants rhizosphere, this study can be con-
sidered as a step towards the completion of
algal flora of Iran. In addition, according
to the results of previous studies regarding
the positive effect of cyanobacteria on the
growth and productivity of some crops and
medicinal plants (Saadatnia et al., 2009; Ri-
ahi et al., 2012), also considering the me-
dicinal value of the Tanacetum parthenium,
the present study provides an opportunity to
introduce effective cyanobacterial taxa for

improving growth of this medicinal plant.

Materials and Methods
Study sites

Soil samples were collected from natural
habitats of Tanacetum parthenium located in
four provinces of Iran (Table 1), according to
Rangaswamy method (1966). Soil sampling
was done in the summer of two consecutive
years 2012 to 2013. All investigated prov-
inces are located in semi-arid regions of the
country, and altitude of 1400 to 2500 meters.
Cyanobacterial species Identification
The sieved soils from different sites were
transferred to sterile petri dishes contain-
ing sterile liquid nitrate free BG-11 medium
(Stanier et al., 1971). The petri dishes were
incubated in a culture chamber at 25+2°C
for two weeks of artificial light illumina-
tion (74 pmol photons m~s') with a 12/12
hours light-dark cycle. After colonization,
isolates were transferred to agar plates for
purification. For taxonomic determinations,

the semipermanent slides of colonies were
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Table 1. Geographic details of the sampling locations.

Sites  Origin Altitude (m) Latitude/Longitude

1 Iran, Isfahan, Abyaneh 1820 3315'N 5I°49°E

2 Iran, Qom, Avel 2501 34 16’ N 50° 59" E

3 Iran, Razavi Khorasan, 1680 36 64°'N 5928 E
Neyshabur

4 Iran, Qom, Veshnavah 2472 34 15" N 50 59" E

5 Iran, Lorestan, 1400 33 11'N 49 56" E

DareDurak

prepared and morphometric study was per-
formed by light microscopy (Olympus,
Model BH-2) and based on Desikacha-
ry (1959), Prescott (1970) and Komarek
(2013). The microscopic images were pro-
vided by the digital camera (Canon, Model
G10) and were drawn by means of camera

lucida (Olympus, Japan).

Results

In this study, 13 specimens belonging
to seven genera were identified (Figs 1, 2).
The comparison of cyanobacterial diversity
of Tanacetum parthenium bed soil in stud-
ied sites showed that higher cyanobacterial
diversity occurred at the Veshnaveh village
of Qom with five taxa compared to other
stations. The stations, Avel village of Qom
and Abyaneh in Isfahan provinces with four
taxa was in the second level of diversity. All
species and their distribution are located in
Table 2.

1. Nostoc verrucosum Vaucher ex Bornet &
Flahault 1886. (Fig. 1a)

Syn.: Nostocella verrucosa (Vaucher) Gail-
lon., Nostoc rothii C. Agardh 1824.

Europe (Whitton,

General Distribution:
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2011), Asia (Desikachary, 1959; Hirose et
1977; Shariatmadari et al., 2013).
Distribution in studied sites: Isfahan: Abya-
neh (33°15" N 5149 E).

al.,

2. Nostoc calcicola Brébisson ex Bornet &
Flahault 1888. Brebisson in Meneghini,
Monographia Nostochinearum italicarum,
121, 1843. (Fig. 1b).

General distribution: Europe (Alvarez-Co-
belas and Gallardo, 1988), Asia (Desikacha-
ry 1959; Hu and Wei 2006; Shariatmadari et
al., 2011), Australia and New Zealand (Day
et al., 1995).

Distribution in studied sites: Isfahan: Abya-
neh (33°15" N 51°49" E), Razavi Khorasan:
Neyshabur (3664 N 5928 E).

3. Nostoc linckia Bornet ex Bornet & Fla-
hault 1886: 193 (as ‘Linckia’ ).

Syn.:  Nostoc confusum C. Agardh,
Monormia intricata Berkeley, Nostoc intri-
catum (Berkeley) Meneghini, Anabaena in-
tricata (Berkeley) Kiitzing, Nostoc piscinale
Kiitzing ex Bornet & Flahault, Nostoc rivu-
lare Kiitzing ex Bornet & Flahault
Europe (Whitton,

2011), Asia (Desikachary, 1959; Hirose et

General distribution:
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Table 2. List of soil cyanobacterial species recorded from natural habitats of 7Tanacetum

parthenium and their distributions.

Species

Sitel Site2 Site3 Site4 Site

S

Nostocales
I. Nostocaceae

Cylindrospermum voukii Pevalek

Nostoc verrucosum Vaucher ex Bornet &
Flahault

Nostoc calcicola Brébisson ex Bornet &
Flahault

Nostoc linckia Bornet ex Bornet & Flahault
Nostoc punctiforme Hariot

Nostoc carneum C.Agardh ex Bornet &
Flahault

Trichormus fertilissimus (C.B.Rao) Komarek &

Anagnostidis
Wollea saccata Bomet & Flahault

II. Rivulariaceae

Calothrix stagnalis Gomont

II1. Oscillatoriaceae

Oscillatoria perornata Skuja
Oscillatoria chilkensis Biswas
Oscillatoria subbrevis Schmidle
Phormidium articulatum (N.L.Gardner)
Anagnostidis & Komarek

Site 1. Abyaneh; Site 2. Avel; Site 3. Neyshabur; Site 4. Veshnavah; Site 5. DareDurak

al., 1977).
Distribution in studied sites: Qom: Avel (34
16" N 5059 E).

4. Nostoc punctiforme Hariot 1891. (Fig.
Ic).

Syn.: Nostoc hederulae Meneghini ex Bor-
net & Flahault, Polycoccus punctiformis
Kiitzing.

General distribution: Europe (Alvarez-Co-
belas and Gallardo 1988; Whitton et al.,
1998; Caraus, 2002; O'Brien et al., 2006),
Asia (Desikachary, 1959; Shariatmadari et
al., 2013), Pacific Islands (Sherwood, 2004),

Australia and New Zealand (O’Brien et al.,
2006).

Distribution in studied sites: Razavi Kho-
rasan: Neyshabur (36 ° 64" N 59 28" E),
Qom: Veshnavah (34 “I5" N 50 59" E).

5. Nostoc carneum C. Agardh ex Bornet &
Flahault 1886. (Fig. 1d)

Syn.: Nostoc rufescens C. Agardh, Anabae-
na rufescens (C. Agardh) Kirchner, Nostoc
spongiaeforme C. Agardh ex Bornet & Fla-
hault.

distribution:

General Europe (Whitton,

2011; Loza et al., 2013), Asia (Desikachary,
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Fig. 1. Camera lucida images of taxa: a. Nostoc verrucosum, b. Nostoc calcicola, c. Nostoc

punctiforme, d. Nostoc carneum (Scale: 10 Jm).
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Fig. 2. Camera lucida images of taxa: a, b. Oscillatoria chilkensis, c. Oscillatoria
subbrevis, d. Oscillatoria peronata, e. Phormidium articulatum, f. Wollea saccata,
g. Cylindrospermum voukii, h. Calothrix stagnalis, 1. Trichormus fertilissimus

(Scale: 10um).
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1959; Hirose et al., 1977).
Distribution in studied sites: Qom: Veshna-
vah (34°15" N 50%59" E).

6. Wollea saccata Bornet & Flahault 1886.
(Fig. 2)

Syn.: Sphaerozyga saccata Wolle

General distribution: Northern of eastern
Siberia, North America (Kozhevnikov and
Kozhevnikova, 2011), Asia (Shariatmadari
et al., 2018)

Distribution in studied sites: DareDurak (33
11" N 49%56" E).

7. Trichormus fertilissimus (CB Rao)
Komarek & Anagnostidis, 1989. (Fig. 2i)
Syn.: Anabaena fertilissima CB Rao.
General distribution: America (Dawes,
1974), Asia (Desikachary, 1959; Shariat-
madari et al., 2011).

Distribution in studied sites: Qom: Veshna-

vah (34°15" N 50°59" E).

8. Cylindrospermum voukii Pevalek 1916.

(Fig. 2g).
Syn.: No synonyms are currently included in

AlgaeBase.
Distribution in studied sites: Lorestan:
DareDurak (33 “ 11" N 49 ° 56" E).

9. Calothrix stagnalis Gomont 1895. (Fig.
2h)

Syn.: No synonyms are currently included in
AlgaeBase.

General distribution: Europe (Whitton
2011), Asia (Leghari et al., 2005; Shariat-

madari et al., 2013).
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Distribution in studied sites: Qom: Avel (34~
16" N 50°59" E).

10. Oscillatoria perornata Skuja 1949. (Fig.
2d).

Syn.: Planktothrix perornata (Skuja) Anag-
nostidis & Komarek

General distribution: North-Eastern Austra-
lia (McGregor, 2007), Asia (Desikachary,
1959).

Distribution in studied sites: Isfahan: Abya-
neh (33°15" N 51°49" E), Qom: Veshnavah
(34° 15" N 50°59" E).

11. Oscillatoria chilkensis Biswas 1932.
(Figs 2a, b).

Syn.: No synonyms are currently included in
AlgaeBase.

General distribution: South-west Asia (Sid-
diqui et al., 2009, Silva et al., 1996, Gupta,
2012, Kesarwani et al., 2015, Rao and Gup-
ta, 2015)

Distribution in studied sites: Isfahan: Abya-
neh (33°15" N 51°49" E). Qom: Avel (34~
16" N 50°59" E), Qom: Veshnavah (34°15°
N 5059 E).

12. Oscillatoria subbrevis Schmidle 1901.
(Fig. 2c).

Syn.: No synonyms are currently included in
AlgaeBase.

General distribution: Asia (Vynogradova,
2014; Park, 2012; Gul et al., 2007; Hirose et
al., 1977), North-Eastern Australia (McGre-
gor 2007), Europe (Whitton 2011).
Distribution studied sites:
DareDurak (33 “I1" N 49 56" E).

in Lorestan:
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13. Phormidium articulatum (NL.Gardner)
Anagnostidis & Komarek 1988. (Fig. 2e).
Syn.: Oscillatoria articulata NL.Gardner,
Oscillatoria grunowiana var. articulata
(Gardner) Drouet.

General distribution: Asia (Park, 2012;
Desikachary, 1959).

Distribution in studied sites: Qom: Avel (34
16" N 5059 E).

Discussion

Algal flora in terrestrial habitats of Iran
indicate the importance of floristic study of
these special ecosystems. Considering to
complete the data bank of algal flora, cyano-
bacteria presented in bed soil of medicinal
plant, Tanacetum parthenium, was studied.
A total of 13 taxa of cyanobacteria belong-
ing to the Nostocales and Oscillatoriales
were identified, from which the family Nos-
tocaceae with 61.5% of total taxa include
the largest number and the families Oscil-
latoriaceae and Rivulariaceae with 30.5 %
and 8% of total taxa, respectively, were in
the next places. Nostoc and Oscillatoria,
with 38.5% and 23% of total specimens,
counted as highest biodiversity among iden-
tified taxa. Wollea, Trichormus, Cylindros-
permum, Calothrix and Phormidium, each
with one species, constituted only 7.8% of
the total taxa, thus accounted for the least
species diversity in the studied microflora.
The results of this study are consistent with
another study on cyanobacteria in agricul-
tural lands, such as rice fields of Iran, which
reported that the Nostocacea family was

more diverse than other identified families

(Shariatmadari et al., 2013). Similar results
also were reported by Prasanna and Nayak
(2007) in agricultural soils of India.

In another part of present study, the selection
of efficient characteristics for identification
of studied taxa were considered. Separat-
ing characteristics such as thallus structure,
existence or absence of heterocysts, akinete
position, size and shape of akinetes and pres-
ence or absence of gelatinous sheath around
the trichomes have shown the importance
of morphometric studies. It should be noted
that in relation to some taxa, such as Wol-
lea Bornet et Flahault, the morphological
characteristics is even more effective than
genetic traits. Wollea is a poorly known ge-
nus which is most morphologically similar
to genera Anabaena and Nostoc (Komarek
2010; Kozhevnikov and Kozhevnikova,
2011). Several species of this genus was
reported from aquatic and terrestrial habi-
tats of Iran (Table 3). From these taxa can
be pointed out to species, Wollea ambigua
(Rao) Singh and Wollea vaginicola (Fritsch
& Rich) Singh, which are reported from rice
fields of Iran (Shariatmadari et al., 2014).
Wollea saccata is another species of this
genus which is reported from Tanacetum
parthenium habitats in present study. The
difference in the shape and size of akinetes
as well as akinete color in maturity stage are
the most important differences of this taxon
with the other species (Shariatmadari et al.,
2018).

Cylindrospermum voukii is another species
that have limited distribution in terrestrial

habitats of Iran and reported from Zanace-
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tum parthenium habitats (Shariatmadari et
al., 2018). One of the distinguishing char-
acteristic of this taxon is its long and nar-
row akinete. Cylindrospermum zonatum
Komarek and Cylindrospermum minutissi-
mum Collins are other taxa with cylindrical
akinetes (Komarek, 1989). But length/width
ratio of akinetes (3.7-4.0 respectively) is far
more than these taxa and is consistent with
the Cylindrospermum voukii (Tables 4, 5, 6).
Among the identified taxa, genera such as
Nostoc, Wollea, Trichormus, Cylindrosper-
mum and Calothrix are classified as hetero-
cystous cyanobacteria. The heterocystous
cyanobacteria can fix molecular nitrogen
due to the presence of specific cells called
heterocyst. It should be noted that some of
the heterocystous taxa, such as Nostoc linck-
ia Bornet ex Bornet & Flahault, are known
as poisonous specimens (Hallegraeff et al.,
2003). Therefore, it can be said that any
specimens is not suitable for the production
of bio-fertilizers, despite its nitrogen fixa-
tion capabilities. On the other hand, among
the identified taxa, another species Nostoc
calcicola Brébisson ex Bornet & Flahault,
can be considered as a biofertilizer (Shariat-
madari et al., 2013). The ability to add total
nitrogen, nitrite, nitrate, ammonium and cat-
ions such as Na*, K* and Ca®" into the rhi-
zosphere of plants, as well as the relatively
high compatibility of this taxon against en-
vironmental stresses such as salinity and pH
stresses make this cyanobacteria an appro-
priate choice for fertilizer production (Oba-
na et al., 2007). In addition, the ability to

biosynthesize secondary metabolites effec-
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tive in plant growth, such as hormonal com-
pounds, indole butyric acid and indole acetic
acid (Seyed Hashtroudi et al., 2012) and oth-
er undeniable capabilities such as improving
soil texture, facilitating soil moisture reten-
tion, increasing the amount of organic mat-
ter in the soil have made this species with
high practical value in the production of bio
fertilizers. Therefore, using this taxon as bio
fertilizer for feverfew can be a starting point

for further research in this regard.
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Table 3. Comparision of main morphological characteristics of the Wollea species has been reported from Iran.

Characters

Wollea saccata Bornet & Flahault

Wollea ambigua (Rao) RY.Singh

Wollea vaginicola (Fritsch & Rich)
Singh

Vegetative cells

Form
Length (um)
Width (pum)

Terminal cells

Form

Heterocyst

Form

Length (um)
Width (pm)

Akinete

Form
Color

Position

Length (um)
Width (um)

Ecology

barrel shaped or discoid
3.0-5.0
4.0-6.0

conical-rounded

barrel shaped or slightly longer than
wide
4.0-6.0

4.0-5.0

ellipsoidal or ovate
yellowish brown in maturity stage

solitary or several in both sides of
heterocysts

12.0-17.0
6.0-8.0

bed soil of Tanacetum parthenium

discoid
5.0-7.0
8.5-9.0

widely rounded

spherical or sub-spherical

9.0-10.0
9.0-10.0

ellipsoidal or widely oval
yellowish green in maturity stage

solitary aside of both sides of
heterocystes

14.0-27.0
14.0-16.0

submerged soils and aquatic
ccosystems
(Shariatmadari ct al., 2011)

sub-quadrate
4.5-5.0
4.5-5.0

conical with rounded apex or spherical

spherical or elongated spherical

5.5-7.0
5.0-6.0

oblong
yellowish green in maturity stage

2-4 in rows aside of both sides of
heterocystes

8.0-11.0
6.0-8.0

submerged soils and aquatic ecosystems
(Shariatmadari ct al., 2011)
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Table 4. Comparision of main morphological characteristics of the some Cylindrospermum species has been reported from Iran

Characters

Cylindrospermum voukii Pevalek

Cylindrospermum catenatum
Ralfs ex Bornet & Flahault

Cylindrospermum minutissimum

Collins

Vegetative cells

Form
Length (um)
Width (num)

Heterocyst

Form
Length (um)
Width (um)

Akinete

Form

Color
Position
Length (um)
Width (um)

Ecology

barrel-shaped or slightly longer
4.0-5.0
3.040

obovoid
7.0-8.0
4.0-4.5

oblong

epispore colorless

solitary adjacent to the heterocystes
20.0-27.0

5.0-8.0

bed soil of Tanacetum parthenium

sub-quadrate or sub-cylindrical
5.0-7.0
4.0-45

obvoid or oblong-ovate
8.0-11.0
4.5-5.0

ovate

epispore yellowish brown

several adjacent to the heterocystes
13.0-25.0

8.0-9.0

submerged soils and aquatic

ecosystems
(Shariatmadari and Riahi, 2012)

sub-quadrate or cylindrical
5.0-6.0
3.0-35

oblong-ovate
6.0-11.0
5.0-8.0

cylindrical

epispore colorless

solitary adjacent to the heterocystes
11.0-22.0

6.0-8.0

submerged soils and aquatic

ecosystems
(Shariatmadari and Riahi, 2012)
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Table 5. Comparision of main morphological characteristics of the Cylindrospermum species has been reported from Iran.

Characters

Cylindrospermum marchicum
(Lemmermann) Lemmermann

Cylindrospermum
michailovskoense Elenkin

Cylindrospermum muscicola
Kiitzing ex Bornet & Flahault

Vegetative cells

Form

Length (num)
Width (um)

Heterocyst

Form
Length (um)
Width (um)

Akinete

Form

Color
Position
Length (um)
Width (um)

catenate  series

Ecology

barrel-shaped or sub-cylindrical

6.0-6.5
4.0-4.5

ovoid with rounded apex
10.0-10.5
5.0-5.5

ovate to barrel-shaped

epispore colorless

adjoining  the
hatarnecvet

6.0-9.0

4.0-6.0

submerged soils and aquatic
ecosystems
(Shariatmadari and Riahi, 2012)

quadrate or slightly longer than
broad
4.0-5.0
4.0-4.5

sub-sherical or ovoid
8.0-9.0
7.0-7.5

ovate

epispore colorless

solitary ~ adjacent  to the

heteracvete

21.0-27.0
10.0-15.0

submerged
ecosystems
(Shariatmadari and Riahi, 2012)

soils and aquatic

sub-quadrate or slightly longer
than broad

5.0-6.0

4.0-6.0

oblong or ovoid
6.0-9.0
4.0-6.0

oval or broadly oval

epispore brownish or yellowish
—J‘nDddde
solitary

haternrvete

17.0-23.0
7.0-10.0

adjacent  to the

submerged
ecosystems
(Shariatmadari and Riahi, 2012)

soils and aquatic
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Table 6. Comparision of main morphological characteristics of the Cylindrospermum species has been reported from Iran.

Characters

Cylindrospermum majus
Kiitzing ex Bornet & Flahault

Cylindrospermum sphaericum
B.N.Prasad

Cylindrospermum stagnale
Bornet & Flahault

Vegetative cells

Form
Length (um)
Width (um)

Heterocyst

Form
Length (um)
Width (um)

Akinete

Form
Color

Position

Length (um)
Width (um)

Ecology

sub-quadrate
5.0-6.0
5.0-55

sub-spherical or ovoid
5.0-6.5
6.0-6.5

ovate

epispore brownish with distinct

solitary adjacent to the
heterocyste

20.0-33.0
10.0-14.0

submerged soils and aquatic
ecosystems
(Shariatmadari and Riahi, 2012)

sub-quadrate or cylindrical
5.0-8.0
4.0-4.5

ovoid, sub-spherical or ellipsoidal
6.0-7.0
4.0-5.0

spherical
epispore brownish

singly or in pair adjacent to the
heterocyste,

SRCHUSHY SR 1y /ISy HOSRGR, [y Ry SR

7.0-17.0
7.0-17.0

submerged soils and aquatic
ecosystems
(Shariatmadari and Riahi, 2012)

sub- cylindrical
6.0-6.5
3.54.5

elongate or ovoid
8.0-10.0
5.0-6.0

oblong or sub-cylindrical
epispore brownish

solitary adjacent to the
heterocyste

20.0-29.0
13.0-18.0

submerged soils and aquatic
ecosystems
(Shariatmadari and Riahi, 2012)
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