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Abstract

Cyanophytaof some paddy-fields of Golestan
province (North of Iran,
have been studied during 2006—0Phormidium
subinerusatum  P. tenue  P. jadinianum
P. purpurascensP. lucidum P. fragile Microcoleus
palaodus M. lacustrisare new records for Golestan
province and Iran. Results showed
P. subinerusatum P. tenue were dominant in all
stations. P. fragile in spring and M. palaodus

M. lacustris in autumn and winter were not visible in

any station. Morphological characteristics of these

species are described in detail and informationuabo

their ecological distribution is provided.
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Introduction Materials and Methods

Members of Cyanophyta (blue-green algae) have Soil samples were obtained from paddy-fields of
characteristics of both simple plants and bactgl@moren  different stations of Golestan province (N Iran)ver
2004). Cyanophytaare abundantly found in rice-fields and stations were chosen in different areas of the ypelds
are important in maintaining rice-fields fertilitthrough  (Fig. 1). Samples were taken from the depth of Zlaning
nitrogen fixation, nitrogenous and non-nitrogenousautumn 2006 and summer 2007. Samples were taken fro
compounds liberation and excretion (Shoketval 2007).  flooded and non-flooded soils (Kaushik 1987). Saspl
Many rice-field soils contain a high density of were brought to the laboratory for culture and itbeta
Cyanobacteria and over 50% of them that are foumat@-  morphological studies. The samples cultured irdsBi511
fields are non-heterocystous filamentous forms ndeo medium (NaNg, 17.65 mM, MgS@ 7 HO, 0.3 mM,
Dong & Choul-Gyun 2008). CaCb, 2 HOp, 0.25 mM, KHPQy, 3 HO, 0.18 Mm, Na

Golestan province is located between the longitudesvig EDTA, 0.003 mM, ferric citrate ammonium, 0.02 mM
of 30 54 and 3056 E and at latitude of 138 Ninlran  Citric acid, 0.029 mM, N#os, 0.188 mM and
and the paddy-fields contained nearly 62000 hextafe microelements 1 ml). The cultivation was done under

total cultivation fields during the past year. éems that in  illumination 1500-1600 lux, pH 7.2 and temperature

north paddy-fields of Iran especially Golestan pro®, + 20¢ C. After colonization and isolation, samples were

some strains o€yanobacteriaespeciallyPhormidiumspp.  purified by several sub-culturing (Kaushik 1987).

are common (Shokragt al 2006), but there is no detailed Morphological studies of samples were carried gulight

report about their taxonomy and morphological microscopy in addition to fluorescence and phasdrast

characterization. microscopy. ldentification of the taxa was accostyi
Members  of Oscillatoriaceae which  are  using authentic keys and manuals (Jaktn al 2002,

predominately filamentous and photosynthetic mesloér ~ Anagnostidis and Komarek 1990, Prescott, 1962 and

Cyanophyta are frequently found in the paddy-fields. Desikachary 1959). Photographs were taken usingrNik

Oscillatoriaceaeconsist of 265 species and more than 14%microscope, equipped with digital camera. Distitoutof

of the species belong tBhormidium and Microcoleus  species ofPhormidiumandMicrocoleusin the paddy-fields

These genera are distinguished on the basis ofhwlogy  of Iran are listed in Table 1.

of filaments, life cycle, trichome structure andody of

trichome disintegration (Anagnostidis & Komarek @99 Results

Approximately 40 species ¢#thormidiumand Microcoleus A total of six species of the genBhormidiumand

occur in oceans, fresh-water and soil. The eqliind free  two species oMicrocoleuswere observed (Figs 2 and 3)

floating forms of these species are present inbtii@hos  which are found to be new records (marked by a$tfik

and the water surface (Ullmann & Budel 2001, Belele@l.  Golestan province and Iran. New morphospecies fizen

2001). Microcoleus and Phormidium genera were found in
Several morphotypes occur in different habitats different stations.

which do not correspond to any described species. O

current knowledge of soil algae is based mainly nupo Phormidium subinerusatum Frisch et Rich*

enrichment culture studies; however, selective urilt Filaments more or less straight or curved, green,

conditions may have caused bias in the resultiegiep 3-4 um broad, sheath very thin, non-lamellatedhdrines

lists. This paper reports the algal flora of pafielgls based 3-3.5 pm broad, not constricted at the cross walls,

on morphological investigations of ti@yanophytaof the  granulate, end-cells not attenuated, cross-wallisitle,

paddy-fields in Golesten province. end-cell rounded, some specimens also truncategs (Fi

216, 3a, b).
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Phormidium tenue (Meneghini) Gomont*

Syn: Leptotrix subtillisimeKutz.

Syn: Hyphaeothrix subtillisim&abenh

Filaments more or less straight, curved, loosetsicate,
2-3 um broad; sheath very thin, non-lamellatedhdrines
green, 2.5-3 um broad, not constricted at the anedis,

not granulate, at the end attenuated and bent arals not

visible (Figs 27, 3d).

Phormidium jadinianum Gomont*

Microcoleus palaodus (Kutz.) Gomont*

Filaments single, non branch; sheath thin; trichome
high and intricate, dull greergpe-shape, not constricted at
the cross walls, granulate, not attenuated, celEdmte,

6 pum long and 4 pm broad, not attenuated, no calypt
(Figs 2/8, 3)).

Microcoleuslacugtris (Rabenh) Farlow*
Syn: M. lacustrisFormalie
Filaments parallel,

rarely branch; sheath thin;

Filaments single, straight, 4 pm broad; sheath very

thin; trichomes green, constricted at the crosdsyvalot
granulate, end-cell distinctly attenuated and gittaicells
guadrate, 2-2.5 um long and 4 um broad, end-ceitao
(Figs 1/2, 3i).

Phormidium purpurascens (Kutz.) Gomont*

trichome high, not constricted at the cross waltlef
granulate, not attenuated, cells cylindrical, 5#6 lpng and

3 um broad, end-cell rounded, no calyptras (Figs3¥).

Discussion
Our knowledge aboutCyanophyta of Golestan

province is limited. However, until now, a few refsohave

Filaments bent, horseshoe-shape, green, 3 pm broad;

sheath very thin; trichomes not constricted at t¢hess
walls, granulate, cells nearly quadrate, 2 um kmgy 3 um
broad, end-cell cells rounded, apices distincttgratated
(Figs 2/4, 3c).

Phormidium lucidum Kutz. ex Gomont*

Filaments straight, dull green, 10-12 pum broad;
sheath thin, smooth, 1.5-2 pm broad; trichomes 0.3-1
um broad, constricted at the cross walls, not deaepuat
the end attenuated, cells 2.5 um long and 7-8 oadhr
end-cell conical with calyptras (Figs 2/5, 3f, g).

Phormidium fragile (Meneghini) Gomont*

Filaments more or less flexible, green, 34 pum
broad; sheath delicate; trichome constricted at dfuss
walls, not granulate, apical slightly attenuatectlisc
quadrate, 2 um long and 3.5 um broad, end-celttla li

attenuated, no calyptras (Figs 2/3, 3e).

Phormidium sp.

Filaments straight or flexible, entirely intricate;2
pm broad; sheath very thin; trichome not consttietethe
cross walls, not granulate, not attenuated, noibleis
(Figs 2/2, 3h).

been published with the highest degree of congidaran
stigonematalean species (Sepeéti al 2003, Nowruzi
et al. 2007). There are no studies on morphological
characterization and taxonomic study @fyanophyta
especiallyPhormidiumand Microcoleusspecies of paddy-
fields in the North of Iran, except a few studies the
heterocystous filamentous cyanophytes (Soktaail. 2007)
and a few reports on the morphological charactasizand
taxonomy and geographical variation ddscillatoria
(Siahbalaei 2008, Shokraet al 2007, unpublished data).
Morphological versatility and the overlapping cluess
between the members Bhormidiaceaeand Planktothrix
Lyngbya Oscillatoria and Plectonemamay be the main
reason for meager studies. Combination of varieaofs
seems to be a controlling the algal developmertkfhibn
1978). In our study on the algal flora in paddydiethe
members ofZyanophytadormed the majority with a ratio of
75%, this can be explained by the variety of htshiba may
have been the result of physico-chemical or gebdrab
differences between paddy-fields.
PhormidiumandMicrocoleudlisted in this paper, are
first records for paddy-fields of Iran and otherefispecies
lakes and rivers for

has been reported from the

Iran: P. coralinag P. nigroviride (Silva 1992), and
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P. inundatumP. papyraceunP. retzii (Afsharzadeh 2003). found in spring and summer only in Gorgan, Minobtlas
The flora of algae in paddy-fields varied betwetatians  and Aliabad. The present study shows that, morgieab
and months. The number of species at each siteddrgm  variation of someCyanophytasuch asPhormidium and
2-7 with maximum at Gorgan, Azadshahr and Minebtda Microcoleusin paddy-field is very high and there is a need
stations, and minimum at Kordkoy and Aliabad stetio to improve identification keys. The results draw a
Phormidiumtenue P. subincrustatunand Phormidiumsp. preliminary image of the morphological and taxorzahi
were rarely found dominant in all stations in spriautumn  situation of Cyanophta especially Phormidium and
and winter Phormidium fragileand P. lucidiumwere rarely ~ Microcoleusspecies.

found in summer and autumMicrocoleusspecies were
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Fig. 1. Location of the study area and researdiost

Table 1.Phormidiumand Microcoleus species and relative frequencies (%) of occurremtehe paddy-fields of
Golestan province

Taxa Spring Summer Autumn Winter

12 3 45 1 23 451 23 45 12 3 45
P. subincrustatum A A F F A F - F - AF RFFFF _ RRA
P. tenue FF F FF F-F- RRRFFAFRTFFA
P. jadinianum - - - - RRRAFR- - - AR- - - R-
Phormidiumsp. AAAAA- - - - - F FRFAFRFRTF
P. purpurascens - - - - R RR-FR- - - AR- - - - -
P. lucidium F- - RF - -« « -« « « <« « « R- - =« =« -
P. fragile - - R - - - - o oo e e e e e
M. paludosus - - RR- R- AFR- - - - - - - - - -
M. lacustris R- R - RR- - FR- - - - - - - - - -

Stations: 1. Aliabad , 2. Kordkoy, 3. MinoodashtA¢adshahr, 5. Gorgan
A= Abundant (50-75%), F= Frequent (25-50%), R= RaB5%)
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Fig. 2. 1.Phormidium jadinianunfapices distinctly attenuated), Rhormidiumsp., 3.P. fragile (cross-wall constricted
and end-cell attenuated), B. purpurascengterminal part rounded, apices attenuated, gréeaa5.P. lucidum(cross
wall constricted and end-cell conical with calygd;a6. P. subinerrustatum?. P. tenue(end of trichom attenuated),
8. Microcoleus paladugnot attenuated, granulated),M. lacustri(Bar = 10 um)

Fig. 3. A & B. Phormidium subinerrustatunC. P. purpurascensD. P. tenue E. P. fragile F & G. P. lucidum
H. Phormidiumsp, I. P. jadinianum J.Microcoleus palaodysK. M. lacustris(Bar = 10 um).
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Study of soil blue-green algae and their effect oseed germination and plant growth of
vegetable crops

* £y ¥ oo Wiy g Sidilsx p BT 1l g GBS anlllae

Received: 06.10.2010 / Accepted: 21.04.2011 VYT 5oy NYASAN G izél o

Z. Shariatmadari: PhD Student, Faculty of Sidls ol =Ss st e oz o ..
Biosciences, Shahid Beheshti University, G.C., prle s &) A

Tehran, Iran OIS e s Dt olKiSls o g

H. RiahiB<: Prof., Faculty of Biosciences, Shahid o%isls « g pole ousiiils obiwl DX by s
Beheshti University, G.C., Tehran, Iran s o o
(E-mail: h-riahi@cc.sbu.ac.ir) OIR (e Dol

E-mail: h-riahi@cc.sbu.ac.ir
S. Shokravi: Assistant ProfFaculty of Basic Science, . (~ ) ) @ . . )
Islamic Azad University, Gorgan Branch, Gorgan, Sl olSadls caly pale ouslisls lobil 159 5b loslis

Iran S5 (5 asly ol

Abstract aodls

Nitrogen fixation blue-green algae make a e e . e T
) g ¢ ot B 3y oA S 1y sl Sl

—95e 5l 09 pl bl e Wl S grsdel> o

Ay 00iiS & e DS 5 adgr alawly 4 w0l legunlS )|
lant growth by supplyin rowth substances. There
P g Y SHPRYING 9 Slallas joyel a4 b ain 5 Je plals oy (ol coge

major contribution to the fertility of soil. It haseen

suggested that blue-green algae (BGA) assist higher

are numerous works about roles of blue-green dlyae - .
Soete 3 (gl i LSz GBS g A 50 (300

paddy soils and rice growth but little on othermpéa In o _
ey (Sl Sledbl Lol ccnl 458,08y & g0 gy olS ol

this research, 19 morphospecies belonging to three _ ' I
o2 619 Lol 39250 LS ple o, o bl 56 @

— e LSz 3l 00 dw @ Blaie AgS Cou, VA ks
b ominss sl o] 5l a3g8 can a5 cd )5 18 ol

families of heterocystous and non-heterocystous-blu
green algae from several paddy fields in the nofth
Iran were identified out of which seven speciesraw

to Iran. Among these taxa, three species were ased
inoculum in pot culture of cucumber, tomato and 0978 Dbyl sghie & G gt AT Ol
squash. The result revealed that addition of ajhlal 3 s aw e plalS w, U’S“l’ oybas )3
odd gilwlar Canwg o b ol —ien LS
455 L olS A JlalS cunS o eili oole lgie A

extracts can enhance seed germination and plant
growth in all treated plants. Statistical analy&iswed

that there are significant differences in plantghei Gres LS gl wiid )5 18 eoliiul 9550 908 g (559
root length, number of leaves, fresh and dry weiht 232> »° o5 (o229, 98 Jlssme Sal8l g baydy (Saile

root, leaf and stem as compared to control. D (Sl o)las

Keywords: Algal extract, biofertilizer, Cyanophyta (st 995 i E3y, Ldsilow il iguadS glejly
Iran, morphospecies Sl ojlas

oads bl b, 55 pleialy 4 Jol 0ai ) gl Sy alles) 51 cose *
Sl el ol 4y



102 /1-¥ Shariatmadareét al./ Study of soil blue-green algae and their effe¢tRostaniha 12(2), 2011

Introduction

Cyanobacteria represent a small taxonomic groupmuskmelon and lettuce (Venkataraman 1972, Rodgers
of photosynthetic prokaryotes which some of them ar et al 1979, Singh 1988, Ariét al 1995, Thajuddin &
able to N fixation and also possess a tremendousSubramanian 2005, Saadatnia & Riahi 2009, Maqubela
potential for producing a wide range of secondaryet al 2008, Karthikeyaret al 2007). Several reasons
metabolites. Cyanobacteria have drawn much atteaso have been proposed for beneficial effects of
prospective and rich sources of biologically active cyanobacteria on the growth of different plants.eTh
constituents and have been identified as one ofrithgt  capacity for biosynthesis of growth promoting sabses
promising groups of organisms capable of producingsuch as auxins, amino acids, sugars and vitamins
bioactive compounds (Fish & Codd 1994, Schleziedl. (Vitamin B,,, Folic acid, Nicotinic acid and Pantothenic
1999). Production of bioactive molecules such asns,  acid) was reported by Misra & Kaushik (1989 a, Hgtt
production of secondary metabolites linked to bidom can enhance growth of plant. Additionally, cyandbea
of bacterial and fungal diseases as well as imppvi excrete complex organic carbon compounds that taind
soil structure and porosity through secretion ofthe soil particles and improve soil aggregationndee
polysaccharides aiding in soil aggregation arerttest  improve soil structure, soil permeability and water
important  functions of these microorganisms holding capacity of soil (Kaushik 2007). Howeveo, t
(Karthikeyan et al 2007, Sergeevat al 2002). De date, the effect of single species cyanobacteria
(1939) attributed the natural fertility of floodede field biofertilizer on plant growth has not yet been yull
soil and its maintenance to the process of biokdgic investigated. The primary aim of this research was
nitrogen fixation by cyanobacteria. This was thestfi study cyanobacteria species isolated from soil ted
report, which recognized the agronomic potential ofsecond aim was pointing out the role of cyanobéacis
cyanobacteria in India. The widespread applicatiddn a biofertilizer in vegetables such as cucumber,atom
single element fertilizers (especially N in Asian and squash plants.
countries) in the cultivation of major crops had l®

accelerated exhaustion of other major and minorMaIterlals and Methods

nutrients leading to nutrient imbalances and paut s Soil samples were collected from the depth of 0-5

fertility. In the current scenario therefore, agemt need cm on two paddy fields in Gilan and Mazandaran

has been felt to deploy microbial biofertilizer whiare provinces in the north of Iran (Rangaswamy  1996).

multifaceted such as cyanobacterial biofertiliz&s. yet Isolation of cyanobacteria

Soil samples were transferred to sterile Petri

biofertilizers many studies have been done. Gupta &d|shes and added to them sterilized BG-11 mediuth wi

Shukla (1967) studied the algal influence on growth pH: 7.1. The Petri dishes were placed in a culture
chamber at 25° C and a 12/12 h light dark cycle at

artificial illumination (2000-2500 Lux) for two wks.

for substitution of chemical fertilizers by micrabi

yield and protein content of rice plants and showed

pre-soaking rice seeds with BGA cultures or exgact

enhances germination, promotes the growth of rants After colonization, for purification, identificatio and

shoots, and increases the weight and protein cbiofen multiplication of colonies, a part of each colonasw

the grain. Svircewet al (1997) also reported that plant removed by a loop and transferred to a new plafter A

growth was enhanced in the presence of cyanobagteri purification of taxa, taxonomic determination wasreed
out by light microscopy and based on Desikachary
(1959), Prescott (1970) and Wehet al (2002),

and corrected besed on algaebase website

even without organic N fertilizer application. Béinl
effects of cyanobacterial inoculation were reparteot
only for rice, but for other crops such as wheaybgan,

oat, tomato, radish, cotton, sugarcane, maize, bleiiin, (www.algaebase.org).
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In this study, out of 19 morphospecies identifiett a
three dominant speciednabaena vaginicolaNostocsp.
andNodularia harveyanayere selected for further study.

- Preparation of algal extract

Three selected heterocystous cyanobacteria were

grown in 500 mL flasks containing nitrate free BG-1
mediumfor 14 days at artificial illumination (2000-2500
Lux) at 25° C, with constant stirring and aeratidine
cultures were harvested and the cells washed vetiiedi

water. Cell extracts were made by grinding the ealija

distiled water with a pestle and blender. An algal

suspension containing 5.0 g fresh algal materi&o@ mL
of distilled water is referred to as a 1% extract.

- Germination of seeds

Air-dried seeds of squash, tomato and cucumber

plants were soaked in algal extracts for 24h. Seeitfsout
algal extract, served as control. Percentage ahigation
was estimated by spreading 30 seeds on filter pagieced
in glass Petri-dishes containing 5.0 mL of a catraet.
Petri dishes containing seeds with 5.0 mL of destilvater
served as a control (Nan@# al 1991). Four replications
were made for each treatment. The Petri-dishes placed
at natural illumination at 25° C.

- Pot culture

included in the list of isolates (Table 1). The ti§ these
taxa is as follows:

Nostocaceae
Anabaena vaginicol.E. Fritsch & Rich
Cylindrospermum michailovskoenggenkin
Nostoc punctifornfkitzing) Hariot
Nostoc muscorur@. Agardh ex Bornet & Flahault
Nostoc calcicoldBrébisson ex Bornet & Flahault
Nostocsp.
Nodularia harveyana(Thwaites) Thuret
Oscillatoriaceae
Oscillatoria angustissimaV. West & G.S. West
* Oscillatoria chilkensiBiswas
Phormidium terebriforme (C. Agardh
Gomont) Anagnostidis & Komarek
* Phormidium granulatunjGardner) Anagnostidis
* Phormidium articulatunfGardner) Anagnostidis
& Komarek
Lyngbyasp.
Chroococcaceae
* Aphanothece gelatinoséHennings)
Lemmermann
* Chroococcus minut(€iitzing) Nageli
*Chroococcus minimu&eissler) Lemmermann
*Chroococcus pallidugNageli) Nageli
Gleocapsasp.
Gloeothecesp.

* New records to Iran

ex

Among these taxa, three species of heterocystous
cyanobacteria, Anabaena vaginicola Nostoc sp. and

Nodularia harveyanawhich were isolated from paddy field

Five healthy seedlings from treated and untreatedsoils, used as a biofertilizer for different vedpea such as

samples were then grown in 1 liter pots for 40 diN@
fertilizer was applied, but soil of treated seegiinwas
sprayed with 200 mL of algal extract every seven da

- Statistical analysis

cucumber, squash and tomato. The germination afssee
soaked with cyanobacterial extract was faster agpaced
to seeds soaked in distilled water as control. Urtreated

seeds of squash and cucumber, germination began aft

Statistical analysis was performed with one waythree days, whereas germination of seeds treatéfd wi

ANOVA, using SPSS software (Package for the Socialseveral cyanobacterial inoculum began earlier. Getion

Sciences, SPSS Inc., Chicago IL) version 15. MeeTe
separated using the Least Significant Differencg))_test
atP<0.05.

Results

of untreated tomato seeds began after six daysteade
treated seeds germinated after four days. In tresgeds,
however, seedlings height and roots length wererded
higher than control after 10 days (Table 2, Fig. 1)

In pot culture of squash plant, comparison of abntr

In the present study, seven taxa of heterocystuis a and treatment plants with one way ANOVA showed that

12 taxa of non-heterocystous cyanophyta were ftkhti

Nostocaceae with four

treatment groups have a significant differencenat fength,

genera and seven species, plant height, leaf number and weight of fresh amyordot as
Oscillatoriaceae with three genera and six species andwell as fresh and dry weight of leaf and stem ampawved

Chroococcaceaewith four genera and six species were with control (Table 3).
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Table 1. Total percent abundance of cyanobactgeia¢ra (summed up over all locations)

Genus Total No. of Percent
species abundance
Anabaena 1 5.2
Nostoc 4 21
Cylindrospermum 1 5.2
Nodularia 1 5.2
Oscillatoria 2 10.6
Lyngbya 1 5.2
Phormidium 3 16
Chroococcus 3 16
Aphanothece 1 5.2
Gloeothece 1 5.2
Gleocapsa 1 5.2
Total 19 100

Table 2. The effect of cyanobacterial extractsesdiing height (values are means + SE)

Species Control Anabaena Nostoc Nodularia
SquashCucurbita maxima 3+£0.50 6 +0.57* 6 + 0.00* 5.83 £ 0.44*
Cucumber Cucumis sativys 5.46 +1.23 10.93 £ 0.06* 10.76 £ 0.14* 10.86.06r
Tomato Solanum lycopersicum 11 +0.50 14 + 0.57* 10+1.15 11.93 £0.06

* Significant at the 0.05 level

Table 3. The effect of cyanobacterial extractsqumsh plant (values are means + SE)

Growth parameters Control Anabaena Nostoc Nodularia
Root length (cm) 20.75 £ 1.65 32.50 + 1.44* 32.26.31* 29.75 £ 2.25*
Plant height (cm) 32.25+1.43 46.75 + 2.25* 48122 44 +2.16*
Leaf number 8.75+0.75 12 + 0.40* 11.25+£047* .2B)+0.47
Weight of fresh root (g) 3.85+0.38 9.30 £ 0.56* 9%+ 0.85* 4.55+0.24
Weight of dry root (g) 1.77 +0.10 5.96 + 0.57* B40.43* 2.15+0.08
Weight of fresh stem and leaf (g) 4,17 £0.29 A8539* 6.17 +0.26 4.23 £0.46
Weight of dry stem and leaf (g) 0.39 £0.03 0.76 +0.08* 0.63 £ 0.02* 0.46 + 0.05

* Significant at the 0.05 level
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Table 4. The effect of cyanobacterial extracts wcumber plant (values are means + SE)

Growth parameter Control Anabaena Nostoc Nodularia
Root length (cm) 16.50 £ 2.53 34.25 +3.37* 34.5D.62* 31.25 +1.25*%
Plant height (cm) 25.25+2.83 46 + 3.24* 45.50.¥3 41.25 +1.62*
Leaf number 5.75+0.25 6 £0.40 6.25 +£0.75 5.1047
Weight of fresh root (g) 0.23+0.01 0.95+0.09* .99+0.11* 0.49 £ 0.05
Weight of dry root (g) 0.07 £0.01 0.43 £ 0.02* 0.80.01* 0.20 +0.04*
Weight of fresh stem and leaf (g) 0.65 +0.05 HE@Oo1* 0.86 +0.04 0.7 £0.04
Weight of dry stem and leaf (g) 0.07 £0.00 0.10.80 0.27 +0.14 0.09 +0.00

* Significant at the 0.05 level

Table 5. The effect of cyaobacterial extracts andto plant (values are means + SE)

Growth parameter Control Anabaena Nostoc Nodularia

Root length (cm) 11+1.08 18.75 £ 0.47* 17 +0.57* 18 £1.47*
Plant height (cm) 16 +1.47 25.75 +£0.85* 24+0.91 24.50+0.86*
Leaf number 5.50 £0.28 6.25 +0.25 5.50 £0.28 5&2.25
Weight of fresh root (g) 0.05 +0.00 0.24 +£0.11* .1®+ 0.00 0.16 £ 0.04
Weight of dry root (g) 0.02 £0.00 0.07 £ 0.00* 0.60.00% 0.07 £0.01*
Weight of fresh stem and leaf (g) 0.54 +0.08 22026* 1.60 £ 0.25* 1.65 + 0.05*
Weight of dry stem and leaf (g) 0.05 +0.00 0.21 +0.00* 0.14 +0.01* 0.16 + 0.00*

* Significant at the 0.05 level

In pot culture of cucumber plant, comparison of In other words the results revealed that there was
control and treatments with statistic analysis stibthat  a significant difference in most measurement faciar
there is a significant difference between controtl a different plants treated with cyanobacterial inocols as
treatment groups in root length, plant height, Weigf compared to controls. However, effect of algal undtis
fresh and dry root and fresh weight of leaf ananshat not the same for all parts of plants and in difféngants.
no significant difference was observed in leaf nemb In addition, effect of different algal inoculum wast the
and weight of dry leaf and stem (Table 4). Alsopit same in different plants. For example among these
culture of tomato plant, comparison of control and cyanobacteria gener@nabaenashowed more positive
treatments with one way ANOVA showed that thera is effect on most vegetative characters of tomatotdad
significant difference between control and treatmen some characters of other studied plants, whereas
groups in root length, plant height, dry weightroft as  Nodularia showed less positive effect on vegetative

well as fresh and dry weight of leaf and stem (€&l characters of studied plants. Also among sewtudied
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vegetative characters, leaf number showed the leastducing processes and this has been attributetieto
difference in treatments as compared to contradsrant ~ enhancement of germination and faster seedling throw
length and weight showed the most difference indue to algal exudates. The second part of thisareke
treatments. Root as an absorptive organ and proadice revealed that algal extract can enhance plant ¢growt
several substances such as phytohormones is 4&ffrig. 2).
important part of plants (Hamidit al 2010). A positive Statistical analysis confirm that there is a
effect of PGPR (Plant growth-promoting rhizobaagri significant difference in plant height, root lengttumber
on root growth parameters such as root length| totaof leaf, fresh and dry weight of root, leaf andnsten
surface of root, dry weight of root and rootlet signwas  treated plants as compared to control. Venkataragnan
reported by Pamt al. (1999). Zahiret al. (2000) showed Neelakantan (1967) showed that the production of
that PGPR increased length and dry weight of maizegrowth substances and vitamins by the algae may be
root. The results of present study alshowed that partly responsible for the greater plant growth gisdd.
growth parameters of root such as root length,adrg  The capacity for biosynthesis of growth promoting
fresh weight of root increased significantly inared  substances such as auxins, amino acids, sugars and
plants. Increase in dry weight of root in treatddngs  vitamins (Vitamin B, Folic acid, Nicotinic acid and
represent that the root growth was increased and as Pantothenic acid) also can enhance plant growtle Th
result water and nutrition uptake to gain strength.other reason that can suggest for increased ptamttig
Improvement of water and nutritional elements uptak by using cyanobacterial extract is that, the growth
from soil can improve total plant growth. BGA in soil seems to influence the physical and
chemical properties of soil. The water stable agate
Discussion significantly increase as a result of algal groveihd
The review of literatures showed that, there arethereby improves the physical environment of trents.
only a few studies on similar subjects, especially = Results of this study showed that these heteroagsto
vegetable crops; nevertheless results of otheliestuzsh ~ cyanobacteria Anabaena vaginicola Nostoc sp. and
other plants confirm the results of this study. Tésults  Nodularia harveyanphave ability to promote vegetable
obtained in the first part of this work showed tipag- growth and they are appropriate candidate for the
soaking seeds by algal extract accelerates seetbrmulation of a biofertilizer. Study also showedt rall
germination and seedling height (Fig. 1). Previgusl heterocystous cyanobacteria can be used as aztattil
Nandaet al (1991) showed that, pre-soaking of pumpkin For example, some species of the geNodularia may
and cucumber seeds Westiellopsigprolific extract can  have a negative effect on plant growth since they
accelerate seed germination and spraying extrddtéso  produce toxins such as nodularin. This genus needed
cyanobacterium to emerged seedling during theirmore study for application as a biofertilizer.
subsequent cultivation led to significant increase
growth and development of both crops. They sugdeste Acknowledgments
that, the supply of nitrogenous nutrients to thedseis The authors gratefully acknowledge the financial
important. Jacq & Roger (1977) also showed thatsupport of University of Shahid Behashti (Tehraan).
in addition to N-contributions, pre-soaking of rice Thanks are also due to Dr. Shokri, Ms. Saadatmid, a

seeds in BGA culture has decreased losses frgghatel ~ Ms. Bagheri for their assistance during the redearc
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Fig. 1. Seedling height of control and treated tdaa. Cucumber seedling, b. Tomato seedling
¢. Squash seedling (0. Control, 1. Plant treatedimbaena?2. Plant treated biostog 3. Plant
treated byNodularia (Bar = 5 cm).



108 /1-A Shariatmadaret al./ Study of soil blue-green algae and their effe¢tRostaniha 12(2), 2011

Fig. 2. Plant height and root length of control d@neated plants: a—c. Cucumber seedling,
d—f. Squash seedling, g-i. Tomato seedling (0. ©@Ynt. Plant treated bfnabaena?2. Plant
treated byNostog 3. Plant treated bfodularia(Bar = 5 cm).
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