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Abstract

With regard to the crucial role of cyanobacteria in molecular nitrogen fixation, the present
study was aimed to isolate the native strains of cyanobacteria from paddy fields in Guilan province,
and also examined their important physiological characteristics for production of bio-fertilizer.
After isolation, purification and identification of efficient cyanobacterial isolates, chlorophyll
content, phycobiliproteins and nitrogenase activity of isolates were determined, and then efficient
strains for pot cultivation of rice plants were selected. The results showed that the Nostoc sp.
GGuCy-47, Nostoc sp. GGuCy-46, Anabaena sp. GGuCy-21, Cylindrospermum sp. GGuCy-25 and
Anabaena sp. GGuCy-42 had the higher phycobiliproteins content. Thus isolates which had higher
content of phycobiliproteins also had a greater nitrogen fixing capacity, especially the two isolates
Cylindrospermum sp. GGuCy-25 and Anabaena sp. GGuCy-42 possessed the highest nitrogenase
activity. Based on the results obtained, the efficient isolates of cyanobacteria increased grain yield
and improved the growth of the rice (cv. Tarom Hashemi) but the amount of growth varied among
different isolates. Finally, Cylindrospermum sp. GGuCy-25 and Anabaena sp. GGuCy-42, as two
more efficient isolates can be used as biofertilizer in rice paddy fields.

Keywords: Cyanobacteria, Nitrogen fixation, Phycobiliprotein, Pigments, Rice

58S 5 il 1387 L) siasse S5 S sl
(1977
S wean LGS s Il L SL sl
LasohesSas ol b (Joslge win glagushiaS o
20 ) XS Guad lols 5 wlead asyleslu
U< b slasliaba n) 5 onls S8 6lT slasaly
(1994 ,5M8) wies Gl S Coh,lsSes
o5t bl LG gy (Lo Sad o3ay (Jun)y 9SO
a Jadg,l & (SIS (508 il 5 (st 538
9 Ol R) cul I i gis (Sl e o
O eas olda o g g ol s (2001 1Ken
Cia Judp Lo bagl S wls @ledas @IS L

doudo

" slaesEL LM pb) sl sk
£33 5 SMaaL 5o LAl b lac 5,850 (o
slacay, 4 capb oo € ahes e oS
SRl 5 g oo sass glGD 5 S IS (glaal S5
I ololola cpl € el glwlid (o Sage @ Jsd IS
A&, e wlee la Ll Ko )
oo 2T e al € 30l s P omb Sas
- S, LKL gl © ol ag] 4 Gy Lag XL

! Cyanophyta
2 Phycocyanin
3 Phycoerythrin


mailto:ssoodaie78@gmail.com
http://www.sid.ir

249 oy olS > Sles g by 390 0 Fp Sldigw 635K 9 NS bl clajl il (5SB ol s hgilow 3990508 (o) 2

Jsb saa s 21 518 5 olsa alil Job (um
aald slas yls oo sad S0k (puS) LS o i,
oS sladia dagiasly sl pedge Bad
O30k a5 Su5slon oS wilea LaisL sl
o9 OSss el wnld STyl el
Shoss s o Slacias s s sla sl sl
LS ug B2 Wl aladl e (5eas)
B osdioo oF s (o 3anSl (RS T (o S8 5 Lllla
035580 el callad 5 s pd Jlad i SB35, ]
(1993 15550) dw s 9o i 4 Lasiwy ol Lo
2obss 6lr SSLS slans i la Sk sl

sl o8 5L3esa ml oSl s JSEe b
38U LaShgls (Ao WS Ol o8 O3S
Sgdae cal cabll gla by 3ol Gl
o9 LS Plectonema asile LagyT 31 Sos A aiices
O55A8 sl 4 Hul buas 50S) oS glackle
Goss BAa (SHU da e (b 55500 culS  aiiua
6l b sSbsbe paile S L 5N S (S
S Lol sled 4 U35 Mt 5 cbla
gl g 3e0i0 ol wnll oo Sl s
RAgaads 5SSl aha (S5
"o wsene LSLsb Gl o pa0le 5L
Slaguia il sulse 5o Sl olaa ol sk
weaal o wl g o Katagnymene s Trichodesmium
9 Nostoc wiilea celgsl 5o b g Laadals b U wlie
S 9318 wiile €idbyanmad sladials o Anabaena
e sl (2008 Siigen) S ose
Sh dela @550 s LaSLgban 5o (55000
Sens Do o9 Ofaed sdiee aladl g
LGl Wl sewd nla sadsda I o540
ssay oo oo Lol g usdi oo A8 gie i g 5ia
“ o B gte 0T 51 35,80 Gia cu g s sladals
S sase ol Lagaass,y (2006 S 5 uia) wsd
GAL 453 5wy 5 ey LasISL il (55580 s

Jsans il 38l Gl 5 958 oo HI8 s pusiws

o g 5 090 L 1 S g1 oIS 550l e s ga
"o e LBLgkie Ho |y wdosa 56 5 (gaie
(2013 ) ,lSan 5 Ss 5 55 o) wtds

Ol pose Glis, e Lo S plasly)
6oslES Hu ol Gl cml (gledas AKila ol
5 dsoe oled 0 Sl el oS e ol
el Ho Gaw) slaa S 5 eoSese © s audl
S0 sl lslad, Gl S slagsw cals
el @il Seose Lbew 1 Llms e
slagee) Sidm o8 amb Hsbe LasShsbe
Gl Glusa g Gun 5 Db il e
95 L b sl wisdipo S ghdlols s
slaelinny Ho € ala gllola 5N (Koo sl
S8) (SBA 5 oed (et slao] sl S S
o9 Al alse 0 ale 5o g Gu g B8 s S
PR S 6505 o8 5l dasSh gl as
2o o9 1 LSLgh S s sled o3
SRl e D) adias e 55550 SSs ollilal,
AT 5 o5 ((Salie) @ile 5 ol g slasl,
sl 5 o pliws K ghlola ol H L Sl
SUS) wdise oo 1 olklal Gl o was
(1995

Slold s ey SSLS s
solxlla (SLS slaslh o bR sl
Anabaena 5 Nostoc slauia «S sly las e saia
sad gy slaslla wan Ho 1, Slsls o sid
SIotsla gl oSL4 oS ols L sy 0ol il
Gl L0 dilaie 58 6359 w9 S cala gl Ho
a5n (S5l sS oLal o e sl L yRLslbe B
OLALS (gl 1) dies s dely Gusidus 5 S (S
sl 5 selae (2007 SLE 5 Wluly) SS aal i
S sad olaha laysbgbn qws,» b (2011)
Olas e oS wilea lagl L5, 5 Lalnlls
Ol luls Phormidium Luis 51 dsgeugs 4SS wisly
Al s ol (5500 cull olid (S a

21 9 14 uﬁﬂ‘_}é‘ S Do 93 9 A u_‘.u.‘.Sl


http://www.sid.ir

1395 Jlo / U1 0jleis 26 als [ S5 g O ils 4y puts

g 03lj Caas ¢ dguw 250

La y3sb gabows (5 luulan g cacdis -2

ad aladl 5S sl sSh sl i Olel Lo
o sl Gl ¢l (1987 Sua)
3 e 30 S gl gilulia 5 (obSL gl
9 53 b sied lagiassiy © S G
adS buns 5l Hlafe Guge (JEie ie il
l€laa Hlas Lo (B3955 o) BGlLo 5 BGLL mle
L sad (1971 o), Kan 5 oulinl) wd sugidl LagT @
dane 27 sles o oaS 361 o Gas 4-3 6l
sl o b oSyl 2500 50 sas el
SLoSL sl Gl A Giulay 5 Gy ek Gl
sl @idS bae b S owy, »
base sl glagsty © GK 6K & 8Lk
(amu 15 S&T a3l L) BG1l § BGLL wela oS
(w0 6) qosm cLedS b pup iad S5als
o 08 8 (5lupalln LG Sl slad s
100 slagl,l 4 wola sl€eisS Lu lagT LK 31 i
(BG11o s 5 BG11) mybs wutS Lasme (slols (g5l Slos
ol yaads 5wy, SBUI o Gaa 4 gl 5ol S0l
Soad Gl (dss 5o 590 150 L) ey oS
(1994 5 53 5 o seila sa)

L sohposss g (oubdody, -3

(SEM?) (533 580 o gSiau 5530

pY o plidoan; Ghaot Ligha olulis @l
oS5 Sae S 4 5 saoolel La K 51 il 4
sba 5 (Olympus CX 40) Llagmoss o
9 S Sae sla S5y daSbsbn olubis
wad olulis sud gilulas sbad g oS5 SLe
(1970 =iy 1959 (55 Ken)

eSS e gilusalel (sl (pigen
oo oele 4 Gl Ladsa (SEM) ot
(PBS) wlicud L3L Lo 5 el wen o 2/5 wiadlT 54K
5 oad 58,00 LG sl Gures  Oad suly sdiin
100 590 .70 50 30 10) JSI uyuse lachile L

4 Scanning electron micrographs

5 ey 0 S A Sl 4 9505l wsdiee @

(1998 aila) s gt oo 43S
Lol 5538 (65558 age slacks 51 (LS ol
slagae o L Sh sl K551 515 50 (25)) oS
Oolila Gl dnladan lapusn © 5L (Ll
CES PN LTV [ PRV PV JPSg A DUEN [y e PPH [ ¥t S
Cocol 4Bl l8 AL (gulalBl [ha 55 4 S 5a o
esdll slacudsh Gl 5 o 4 Sl wa S
Ol o2 L0 L9 48 (Sl slagia 5y 5ol s il oo
(Al slacna gy ol sadalas) as e ol slsla
sals Gabainl ssaes 1y Laiassy ol 3 oS Llad
“oalla golalan 4 a5 Gl Bl ol Lol
slagae) 3l (iblio sla Sk sl olalid 5 g5l
oo, (Ao o s OAS Gl ol
Sore s @luld @ln byl @le 5 casm

5l S slads s

Lagdiyy 9 9l

S g ,laudagan -1

G OUS ol olalla S 51 gl gal
gl 3 (S S Gas 20) (55500l 10 3ac
G L o sadaladl ol oot (SBS

(1K) was Jame oKaule)y)

nd,

= HArT AR nzal
P ?i.__""' C

S ouddi (5l padi gad slaolSula auids -1 Jsuk
OS Glicl sl jalls



http://www.sid.ir

201 oy olS > Sles g by 390 0 Fp Sldigw 635K 9 NS bl clajl il (5SB ol s hgilow 3990508 (o) 2

50 o) S5 59 Oles o5 (s b LS sl
Sy GBsgon b Ol coa g sad dan, ol e
Lol Ouos sloa O wesn 100 G o
Salilie 065 0 0 3Sala liiad 58 51 0l pans
GC sl 4 Gl s 51 iy 1) o0 S8 5
Lol clS Gols G wlal Hoad 3,358
S o s WS L8 S bl b gl bl sl 5o
G Gl Gl Jals S 51 i e 075 «aiss 30
5 sual way olol abale UL o wd 35,55 GC o8y
G505 p Sslie oo Gl Ul coun s Sliiel (sl
2006 o Ken 5 Slal) wi oyl cela Lo
(1987 Lz <

o sadplulis LSk S5 lag
laslns (A 5 (il (35500 cudl ol ol
Jolt Lagpe ool ok S oS ady Spms
Anabaena sp. Lylindrospermum sp. GGuCy-25
Anabaena sp. Riwularia sp. GGUCy-43 GGuCy-42
Chroococcus sp. Stigonema sp. GGuCy-32 GGuCy-23
iS¢l Anabaena sp. GGuCy-17 3 GGuCy-34
Db G ge)] Sk

IS cuis -6

“ s 95018 walyy L5l sl (SE Ghale)]
9 9Slee i) 5 LSl sud LS 5 sla
‘:L;l‘ (GAJ-IIL& ‘s‘)Uc ‘::9‘)) GJ)A a\:g J‘)S-LA-C (5‘):;‘
03558 Ol BSLS slasslal LK Gl sl w8
5 (N2) 0/35 (N1) 0/23 {No) Lieo g05S Llass ol
K] 150 ¢100 “)A.Lé JJ‘A.A) Q‘JK JJ °JJ‘ ‘A‘; (N3) 0/46
“ale Hlasi g b o b (LA Ha 8,40 S 5LS 200
olas 5 sad i S s T L 8Ll 5
Ol Giala 3T SIS e b Soale o wals
BlS Sl ol ok LB s JaosSB Gle)]
Goslbomwy 5 S5 esSdagly o Bulas
52 (Sre il 20 5 0) (oo loullis ae,50 SIA 5 Sl
oS ) el il Ol e Gia o gl 5 sak

LA gad ot (OLl 5o et Glusas b 55K (ws o
Mo 5 sho¥ b5 suaialiS 56 sladss (55,
(2007 o), Kan 51 5ms) Bk sols (i g

sl gsad sy, g a Jadgls g puSelul -4

Lo g

(2002) 1,550 oot @ Jady S s3lal G
Sl il O ol gl S aladl
pals e L Laal 5 solel oL SL sl
oo b glos o ol 24 ) say 5 wad glal
665 gsedsk oo (il (i) b (u sl
el g ,Seslal ie gl

Al 3 s slesSs goSeslsl sl
14000 40 350 0le b S0 gl & saeilos g
290 Jolae 5 ud (pdiG Bs D (gl Aids 5 0
Joraa Sl Koo 10800 g w40
3504 6l peselas a0 4 sles Hu g sades g8l
OF 4 LAk b Guls 6l O lou ad Ll
0/3 e liael yiads oo 100 5 LT il Sae 1350
SO0 58 555 98 sl Jalae Cpl s S eu 33l Jle
Bl ol 558 50l b Gup ad (651agS0 Loy
652 562 slag sedsb Lo Lo wis 5 sadlaa o)
Croiol S8 a5l ek g Seslal jie b 750 4 615
S (AP) oo sisll 5 (PC) oibaeesSs (PE)
o pan b oLl Lo g sad assTe ) eoa bl

sa00) del unads IS 0500 (ol Kb o 5lail 0355,

(2002 ¢ ,lSen
PE (ug/ml)= [1000(Agsz-Asso)-208(Asss-
Azs0)]/5.09 .
PC (ng/ml)= [1000(As15-Ars0)-474(Ass2- 2 sl
Ars0)]/5.34
AP (ug/ml)= [1000(Assz-Ars0)-2.41(PC)- 3 ata
0.948(AP)]/9.62

L5l cullad -5
Ol Lal (h5 b (dsSse 055058 @l ()55
(GC) 38 I8 siles S slSiws b (CARA) lal 4
plo oS 5l adle 30 as gaSelsl

5 Acetylene Reduction Assay


http://www.sid.ir

1395 Jlo / U1 0jleis 26 als [ S5 g O ils 4y puts

g 03lj Caas ¢ dguw 252

oo LaglaK ol s GsladSs G 3 a8 g0
530 sloo (S 513000 545 cad U HLdass slolAK
sad (5,MgSS wem 53 75 sl 5 ugmealis 4559 35
ala yo ol alas) i o 5L g LGIE 5Ll
alS 51 595 115 wadS 5l way S50 0008 (Saa
et daty slad 5 satialast sl JolS bl s 53

Sz 9 Ol pled lo o Slae dads g pla5 ) &
wled plol Sda (55 5 whes Job wdn 58 o
5 Sledeal 2012 1,lKan 5 Hliags) wad Guas oL
(2012 (), K0n 5 sl 5y 2005 ) ,<an

tnlie 5 SAS 3l S @ golel slulas
o3OSl el wia Gae)T GBast Lasals Sl
L2y alail aa s 5 L) wla

(555 15 =ias) sssoin X slassSbgbo pbe
L) osmeadlocs oo sid ia 50 o3l colenl)y aiilea
8 5 20) G ol b (L3 b 07550 s, JSs
(OIS 5 (1o Osmmiln g 53l ae 50 &
e Bl 5 Fac Hu Gk ja S o g saddias.]
olas Lad 5l Gl S0ty dad (g I8l Gl Sl
s S O/7 (5355m 0 S Hlas s ;0 50 ol by oS
o pally clilpw a8 08 5 Juy olicd s
oila aolls a3, s 5l a2, LG Laghl
LG Gomliwsn b5 sad Jsleas
otbs (Sie il 0/550 s, & L) s SL sibow
5 ol GalS Hlas 58 bsse slagla g 550 ead

JJJGM&]L&%&&}JJZO QJ}MK;‘L‘.‘%

SA (D 5C) Pgsish gsuugsas 3 (B g A) 5o oSy sSas b 5 53U il sladalun oulidicd ) -2 i
.aiicea Anabaena sp. GGUCY-17 alua D 4B 4 Cylindrospermum sp. GGUCy-25 ailua C

slasols Guiliyly wias i (2058) wad plubs

g g b

b 58 Golasre AT L&, 5 Ss )l
OS0le dewlis ol b wisly Hlas ssju S Jlaial

L s eud olupalla wlas 30 daclua ol 3
SN 5 (dsare o sSn s Sue dlins s (gola nSe

o 5 oo LOT i, sla S Ao


http://www.sid.ir

253 oy olS > Sles g by 390 0 Fp Sldigw 635K 9 NS bl clajl il (5SB ol s hgilow 3990508 (o) 2

ol sadsaly Hlas 1 Jgaa o sud olwlan sla iSL ol (o3 938 (slas S5, 85l

WS (5, e SIS 3 ok (5 jlulun (5o S gk (530590 Callad g (5 Fien 38 (sLao 32855 051l -1 g

iU5ere ol A Jdo)lS g esSed 0ulsSd owlwsSd oilsSidl o S lgibs asl
(nmol CoHa h) (ugr mL™)  (ugr mL?) Js (Hgr mL™) (ugr mL)  (ugr mL™)

- 0/229nik 0/66’ 0/14" 0/10/ 0/429n Microcystis sp. GGuCy-02

- 0/237"ik 30/768% 17/53%  9/4439n 3/78fen Phormidum sp. GGuCy-11

4/46' 0/27QMik 21/33fani 11/73%  7/18%" 2/41fn Phormidum sp. GGuCy-12

- 0/154k 51291 0/989" 0/301 4/01%n Synechocystis sp. GGuUCy-15

- 0/985°¢ 7/20M 11/129"  5/839Mi 0/25%n Oscillatoria sp. GGuCy-16

11/25fn 0/144k 0/351 0/14" 0/10i 0/10" Chroococcus sp. GGuCy-34

- 1/184° 46/93¢ 1/509" 43/94P¢ 1/49¢" Chroococcus sp. GGuCy-35
- 0/848¢ 37/230%f 1/00¢" 33/88< 2/35fn Oscillatoria sp. GGUCy-38
- 0/631%f 32/949f 0/29" 25/12¢% 7/53¢f Phormidum sp. GGuCy-45

22/63¢ 0/219k 28/85¢fan 8/43¢f9  13/42¢fh 7/01fon Anabaena sp. GGuCy-17
6/559" 0/502fn 41/10% 19/53° 13/271 foni 8/36%f Nostoc sp. GGuCy-19
5/24M 0/795¢e 24/02fani 12/07c¢  8/949ni 3/01fon Nostoc sp. GGuCy-20
10/52fni 0/3829hiik 69/41° 31/622 23/669%f 14/13¢% Anabaena sp. GGuCy-21
22/92¢ 0/170k 0/841 o/12h 0/61i o/10n Anabaena sp. GGuCy-23
11/777h 0/492ani 32/824f9 16/52t¢  11/669M 4/631n Anabaena sp. GGUCy-24
56/312 0/270Qnik 65/62° 1/571n 47/92° 16/13  cylindrospermum sp. GGuCy-25
16/349%f 1/5252 21/32fani 8/56¢™ 8/289" 4]48fen Calothrix sp. GGuCy-26
21/46¢ 0/983¢¢ 20/76%en 8/04¢fo 7/679" 5/05fen Calothrix sp. GGuCy-27
11/49h 0/446f9ni 24[21¢fn 6/92¢foh  11/Q719Ni 6/27n Anabaena sp. GGuCy-31
22/23% 0/256Mk 6/31M 0/11" 5/439" 0769 Stigonema sp. GGuCy-32
21/17cce 0/538¢f 4/419 1/55fn 2/40" 0/459n Anabaena sp. GGuCy-33
12/34 0/3579niik 9/66"i 0/11" 8/149n 1/419" Westillopsis sp. GGuCy-39
14/63¢f 0771 4/08" 0/32" 3/55" 0/20" Anabaena sp. GGuCy-41
38/56° 0/290Mii 53/62° 23/16° 15/40¢% 15/06b¢ Anabaena sp. GGuCy-42
26/47¢ 0/281"ii 16/029Mi 6/14¢foh 6/529" 3/36n Rivularia sp. GGuUCy-43
16/059%f 0/345Miik 75/71% 4/40fn 51/46° 19/85° Nostoc sp. GGuCy-46
11/22fn 0/4299niik 93/552 1/019" 63/542 28/992 Nostoc sp. GGuCy-47
14/40¢f 0/161 19/90fenii 8/98¢f 7/179" 3/75fn Anabaena sp. GGuCy-48
10/63fn 0/732¢%f 37/100%f 10/09¢% 17/458% 9/569%f Anabaena sp. GGuCy-49
12/57% 0/742¢% 4/98 2/11f9" 2/79M 0/09" Anabaena sp. GGuCy-50

NV I 1KY Qyjiglgﬁa.m)q&dhb|c&udd Sl eaas @ gldd adilud sl Hlil S yidie B9


http://www.sid.ir

1395 Jlo / UL 0)leis 26 als [ S5 5 O il 4yt

g o.)])‘ Coss ‘uJ“I.)y» 254

53 (PSI) 1 (535000 538 s 5 (PSIT) 11 (5350 s
5 Sl 2013 41lKan 5 5losly) s gl oo 8 S s
sladlaa o e ol 83l o 3i (2006 ), Kaa
Nostoc sp. GGUCy- Cylindrospermum sp. GGuCy-25
5 222/8 246/3 _s3 554 Nostoc sp. GGUCY-47 4 46
e 220/6

“lan 5350 cullad 3l (il dnlie
WA wems0 5 Jlaial g 5o g SUpl sla
slaclan 5 (1 Joun) wals plas 1) ol s
R P R I LIPS P
Anabaena sp. Lylindrospermum sp. GGuCy-25
Stigonema sp. Riwularia sp. GGuUCy-43 GGuCy-42
Anabaena sp. s Anabaena sp. GGuCy-23 GGuCy-32
2213 26/5 38/6 56/3 5 54 4 W g GGUCY-17
ol 0wl melis s oLl J e b 22/7 5 22/9
A el Geedl SK el s s slaglea
Sl plas b5 culld ma s laglaa
i 1) s 035550 w55 e AL sl (10 500)
0l (sl cuaal Lalulls Ho lagT Jlglys 5w
ol (1996 Luls 5 L 2012 ), Kan 5 Wikl )
sademdl 50008 wene 40 Sy S osus
Ssdipe  soliial i oS s Lyl
(1998 ) ,lSan 5 Llialital )
SIS Gaale ]

Wby € uly plas bassls Luibiyly wiaS mli
gl Lo Gl s Slae cdis 5 (6 5BL Sl glajlas
G ol g b sla Sy 5 wass O Jlaial
5 S Ol dsyu wdisd 5310 (A8 s Huslany
3w solre wo s K Jldal mha 5o S plass
ol (K Ho 4k pa Hlad oy Hled sl S5

Al s (golu fae weluy Gl JS ek 5 oy Glo

Calothrix sp. GGUCY- slawslua jua Jud 5 K o300l
Oscillatoria sp. 4 Chroococcus sp. GGuUCy-35 . 26
Chroococcus sp.  sladslaa 8 5 idus GGUCy-16
Anabaena  Synechocystis sp. GGuCy-15 GGuCy-34
U5k (slsima (1 Jsin) w52 0o 3eS 5D, GGUCY-48
0 Sl s o) et glajlbae B S a
G 1 usan 5o Ll 658, S ailes o€ el SK T
ssdige Jold 1) LSbpls K38 G55 so e 2

(1997 culali)
Nostoc sp. (sladslaa o (S (Ao sSas o5l
Anabaena sp. 5 Nostoc sp. GGuCy-46 GGuCy-47
Wals pelaial seads |, Hluds o idus GGuCy-21
Ol S8 1T (pilann K48 0580 s a3ll (1 502)
i34y Nostoc sp. GGUCY-47 dslua Hu i) S0
Glan 5o s sille 5 a S See 1/0 5 28/9 63/5
4/4 4 19/8 51/4 554 Nostoc sp. GGuCy-46
tlan 5o s ad sals plas Sl s a S5
36/6 4 14/1 23/6 _s 54 Anabaena sp. GGuCy-21
~ 0B g i sSus (1 Jgan) g Sl e 2 p S Se
Wl L8 Laas S Lae slo g yieal oy 5o oS La
Gl e wies LaShislbie o5y S, Jsiee
088 byt s Lag il sl S olS0a Lagi 5 5
O 558 w59 90 540 Sius w85 o S wikiy oS
(2008 ) salmily 5 LK) Wil 1, GAL Lo S
swiof i slagnl wilea dagsss (S
Jn) e Jae (PSI) 11 a5 sl 5088
iy 5188 ) L) aela&s; ol e st (5353
© 0l ooy Ol ST @ e 5 Ol S8
3 Slale) sese Y6 zoe Job b s slass S
“laa Cpl D (Ot 38 Gl Gl s (2006 ) 1Sen
Sl o ol o slagls 3 Ad b

Wl cond Olsieds Yoare @ Jb 5K 4 s 5


http://www.sid.ir

255 oy olS > Sles g by 390 0 Fp Sldigw 635K 9 NS bl clajl il (5SB ol s hgilow 3990508 (o) 2

(05 Jlatal gelacs) g s (IS (hale 3Ty ooy 335 90 Sildeo 3 (5 ISk gils (3 9898 (sladlan 31 (Siles dulie 2 gua

o W b jleds abes Job S 59 >, Sles Sl b b Ay gl Slaws S S bgilw Hlos
Sy als I (cm) s plal gr) als dgs 50 (cm) Ay
) sSy Abgs (gr pott) (pot? o RO ole o
i QL_\lf Gmxlf s
(day)
2008°  14/7*  74/8° 23/9° 17/8% 11/93°  6/5° 6747 12045  TI00  mdli oyaue sl
3018 9/o° 83/02 26/12 17/3° 15/612  7/5%  65/6P 136/12 7/16%  Cylindrospermum
sp. GGuCy-25
247 1217 7611° 246" 1922 1479 78 6212 129/8°  7/83*  Anabaenasp.
GGuCy-42
26/6%4  9j2¢ 78/9% 25/0% 17/8% 14/74%  7/6% 4% 132/0  8/162 Rivularia sp.
GGuCy-43
27/1°¢  10/0°¢  82/82 25/82%0 18/9% 14/57%  7/3®  65/6°  135/5%  7/75% Anabaena sp.
GGuCy-23
24/19  10/9°  78/2% 24/9°° 18/2% 14/68%°  7/4%  g4/6"  128/4®  7/412  Chroococcus sp.
GGuCy-34
28/8%0  g/7° 80/7% 26/02 17/2° 14/518  7/22  §3[6° 135/3? 7/662 Stigonema sp.
GGuCy-32
25/5¢4  11/8P¢ 77780 25/6% 17/3° 14/12° 718 59/0¢  127/6° 7/332 Anabaena sp.
GGuCy-17

ol (S3Ia G ga 3T by ya ws ju iy Jlaial glacs ja (§ e sre @ glas (yiudlad oulas LD S yidie S g

1992 ¥ 5 sasy) ool cisllas oliias bl cla
2012 ofylSan 5 Gilulyy 1987 olSen 5 5o
(2004 b s
b Llad L. 3 Sle wwls
Gl o Slae sdin 5l 539558 pobe 5 SL Bl
oo wly o Slae o sla o pd o a0l i 1 < o
eS8 glajlas daa o sadidyae (5500 sk
Spas o slad 5o ag oduldl 8L sl
s),ls Anabaena sp. GGUCY-17 «wlaa (No) 3550
sas (OB 5o a K 8/2) wls s Slac Hlade (i
oinledl 5) 50 (slad s dan 5o Sl G e B Lol
2 s suadiala Ny gl 5o @l o ySlee dinda
I glaae AT N2 phus U lagses i
© 200 31 ool 0 S Bome (2AK L Gl sl
oy @SoKG 5 LS Hu 4 Sui< 150
s cslie Al s Slae 4 CATe L SL Sh

il

sl (2 Jsas) Ljles Gle SLe b
Cylindrospermum sp.  wlaa ls o Slae s
15 (O1aE Lo a S 15/61) s Slae oy 53y GGUCY-25
- s WAL uals Hlas b o] Llad 3l «S asls
(aals sl o Giulhdl ws e 23/6) el Gils g4ls
Rivularia /Anabaena sp. GGUCY-42 sladslaa )T 5laas
3 y34s Chroococcus sp. GGUCy-34 5 sp. GGuCy-43
G ol bBlad o) wals plas 1, als o Slae oy i
Ot o558 e LSt silies il ¢ AaK a5 50
Anabaena sp. sladslaa Hu 835 94 el sud Gley oyl
8 YAl «< Anabaena sp. GGuCy-42 4 GGuCy-17
aals Hlass plys 5ol 80K 0s ;050 B 55,5 I
s2lea plol Saa 055wk o SL sl B G s
WAL wald slas 5 sl Siube slaslas Ol
03 S wls Hlas ways O Jlaial sl o Hlobae
Anabaena sp. ¢ Anabaena sp. GGUCy-42 sladslaa


http://www.sid.ir

1395 Jlo / UL 0)leis 26 als [ S5 5 O il 4yt

g o.)‘} Cos ‘@159‘“’ 256

b b

bed bed

cd cd cd cd

’ dee def def
fg €19 ef €19 f
15 9 ' & 'R 5 e L R E
h

10 . . i :

i [ | i i i i

0_

ON 1IN 2N 3N|ON 1IN 2N 3N|ON 1IN 2N 3N[ON 1N 2N 3N|ON 1IN 2N 3N|ON 1IN 2N 3N|ON 1N 2N 3NJON 1IN 2N 3N

23GGuCy- | 34GGuCy- | 32GGuCy- 17GGuCy-

039 Tobw 9 B (55 lgilw alaa jlod

0384 39S T ol 9 (5 AL il el Hlaus Jallie 50 5l y3 g g Bl 9 pShae (aSilis deasllis -3 il

25 a
bc
20 -+ bed
4
2
] -
z
(=]
o
é -t
b s wli | 25GGUCY- | 42GGuCy- | 43GGuCy-
ayls ‘5:\.4.44:\.4.44\9:5 LIS quAC.:\”J‘SJJg

(2013 o ,San 5 Su g 55 aren)
"o ol oS 5 e bl b o s 5 558 JSES
S ATP 5 S oiens cubll 4 (S S ab
"o 0ol il slagind salie 5 S5 Gy b )
5 6ob3ss callad Gl (ol 0l (2008 £Lu) wisat
S8 Ol RSl Ol g s (lu S Hlade
“alaa 4ol Gl @l e (2006 S5 5 (i)
i L 5y o sSab i Lsolie gl oS sla
99 85aah e 55 (ot (500 oS sl
Anabaena sp. ¢ Cylindrospermum sp. GGUCy-25 4slaa
G35 el Cpsida glle 4 GGUCY-42
ofal58) 5 LGS g (hu S GRalB8l b Gl by s e
sl Sasse S clSal da S ol i g8
SLbasse 55 5 sadianl B (55055508 cullad alasl
S5l ol ad aala aald 3uob (aea 3l 50
318 lbadle L8 cueal La SSL sl b 55 0,5 5530
B L R N e T T SRS LR
m ol olnlld glagse) wal G iwals
I LasShisbun e 5 calio S8 gl (Fan
G O30 s b oanlin lagl S wS . sl
aSlee (N Gle 5 a0 S A2 1, SIA i

S S b bgla puliloss,; o
sBusu 5 La S sibicy glaaials «< oly gylas 5,5
G iegSue 0/5-1 dialy ju g 809 yadie sl g 83l
GMEAL 8l g0 aiS o udd e 9,500 40 S0 4
b slaSL AL o)l 4 wnd LS sl
AU b il gy LKL shi ) ol ol e
GIEal slass S € Wi oo a5 Olsl5 (3w 50
5 OSule) wase B Soses o |, ghaa, b
(2012 ),
slacha Gle Ho € oy plis @B o)
Tl LGS gy (e o8 caeS Blab) 538k sk
MNostoc sp. GGuCy-46 Nostoc sp. GGUCy-47 (sla
Cylindrospermum  sp. Anabaena sp. GGuCy-21
L3393 i, Anabaena sp. GGuCy-42 5 GGuCy-25
S 3 kg 5o 1) 6 Sh gl Lasa g5 s S
L LS G0 b Lasloalls sile 555 oS bl 5o
Shusa oo o Sd S ahlie gsa e 03
Jold € wilend JSas  ulo S8 slas 55,
oS ol (50 58) ool S8 5 () Cilann 58
"o JEe Il sl 88 o |, (S8 (5505 Lagl 5
O3Sl g 5 O Ll s @3 ol s S
5 LU sl €l SIBG 0580 Dseas


http://www.sid.ir

257 oy olS > Sles g by 390 0 Fp Sldigw 635K 9 NS bl clajl il (5SB ol s hgilow 3990508 (o) 2

ssbts phat 0K L als bl 1) @ oS
25 sgen peadiye 5 aase Gl (ol
i) WS Bak O 1, LESa Ho 35508 4 SIS
malas Ol Ol 0Ll Lo 0, T G LG Pl
5 Cylindrospermum sp. GGuCy-25 (sladslaa a
sl s anilas o) 55 oo 1, Anabaena sp. GGUCy-42
S bl s 5o w o Slae g wd, s Ho S
ool s se Slgidas Cpiaan oly e soliialy) se
sosn 58 eohulla GSUS i e L
) 35S ad S e culgse g WS L8 byl

95 LS (bbb

S (5 iy

slSlsle € o olis @i K, ska

Ssre 9 WoSkee GRBE cnn sud olabia (o
SME Ll 5o (adila aslls a3)) @ ady Jolse
aslal ol o SLS lavlaa gl € ol sud
S 3 olugase ol ae uyK al olas
G ol Slo ddlaie 58 (aiae midll wle daw s
son S5 plaal o i wnls Lusl sl
pald Jsane gl 1) Llse Guoidn 5 W ST
(2006) slwlys s L (2007 SLL 5 Lol yy) au

ouldiiula g0 C._'Eu

dadn 272 ¢(u.u) ‘).A:)." a&.‘]ﬁ‘d leﬁ&ll .L;.t.a.vm.ns.}.‘.a .1387 id L&AL'..J

Bahmanyar MA and Soodaee Mashaee S, 2012. Influences of nitrogen and potassium top dressing on yield and yield
components as well as their accumulation in rice (Oryza sativa). African Journal of Biotechnology 9(18): 2648-2653.

Berman-Frank 1, Lundgren P. and Falkowski P, 2003. Nitrogen fixation and photosynthetic oxygen evolution in
cyanobacteria. Research in Microbiology 154: 157-164.

Bermejo R, Talavera EM, DelValle C and Alvarez- Pez JM, 2000. C-phycocyanin incorporated into reverse micelles: a
fluorescence study. Colloids and Surfaces B: Biointerfaces 18: 51-59.

Desikhachary TV, 1959. Cyanophyta. Indian Council of Agricultural Research Publishers pp. 565.

Diestra E, Esteve I, Castell O and Solé A, 2007. Ultrastructural changes in Microcoleus chthonoplastes growing in the
presence of crude oil. Applications for Ecological Studies. Modern Research and Educational Topics in
Microscopy 453-460.

Elizabeth JA, 1997. Method 446.0, in vitro determination of chlorophylls &, b, c1 + ¢2 and pheopigments in marine and
freshwater algae by visible spectrophotometry. U.S. Environmental Protection Agency 1-26.

Esfehani M, Sadrzade SM, Kavoosi M and Dabagh-Mohammad-Nasab A, 2005. Study the effect of different levels of
nitrogen and potassium fertilizers on growth, grain yield, yield components of rice (Oryza sativa) cv. Khazar. Iran
Agronomy Journal 7(3): 226-241.

Glazer AN, 1994. Phycobiliproteins—a family of valuable, widely used fluorophores. Journal of Applied Phycology 6:
105-112.

Grossman AR, Bhaya D and He Q, 2001. Tracking the light environment by cyanobacteria and the dynamic nature of
light harvesting. The Journal of Biological Chemistry 276: 11449-11452.

Hashem MA, 1998. Ecophysiological Studies of Cyanobacteria in Paddy Soils of Bangladesh. Kluwer Academic
Publishers, printed in Great Britian 39: 333-344.

Hense | and Beckmann A, 2006. Towards a model of cyanobacteria life cycle-effects of growing and resting stages on
bloom formation of N-fixing species. Ecological Modeling 195: 205-218.

Jha MN and Prasad AN, 2006. Efficacy of new inexpensive cyanobacterial biofertilizer including its shelf-life. World
Journal of Microbiology and Biotechnology 22: 73-79.

Johansson C. and Bergman B, 1994. Reconstitution of the symbiosis of Gunnera manicata Linden: cyanobacterial
specificity. New Phytologist 126: 643-652.

Kaushik BD, 1987. Laboratory Methods for Blue-green Algae. Associated Publishing Company 171pp.

Kulik MM, 1995. The potential for using cyanobacteria (blue-green algae) and algae in the biological control of plant
pathogenic bacteria and fungi. European Journal of Plant pathology 101(6): 585-599.

Madigan MT, Martinko JM, Stahl DA and Clark DP, 2012. Brock Biology of Microorganisms (13th ed). Publishing as
Benjamin Cummings, San Francisco. Manufactured in the U.S.A.

Mazhar S and Hasnain S, 2011. Screening of native plant growth promoting cyanobacteria and their impact on Triticum
aestivum var. Ugab 2000 growth. African Journal of Agricultural Research 6(17): 3988-3993.


http://www.sid.ir

1395 Jlo / UL 0)leis 26 als [ S5 5 O il 4yt w9 03j Cans ¢ 2ldgu 258

Mishra U and S Pabbi, 2004. Cyanobacteria: a potential biofertilizer for rice. Resonance 6-10.
(www.ias.ac.in/resonance/Volumes/09/06/0006-0010.pdf).

Parmar A, Singh NK, Dhoke R and Madamwar D, 2013. Influence of light on phycobiliprotein production in three
marine cyanobacterial cultures. Acta Physiol Plant 35: 1817-1826.

Porra RJ, 2002. The chequered history of the development and use of simultaneous equations for the accurate
determination of chlorophylls a and b. Photosynthesis Research 73: 149-156.

Prasanna R and Nayak S, 2007. Influence of diverse rice soil ecologies on cyanobacterial diversity and abundance.
Wetlands Ecology and Management 15: 127-134.

Prasanna R, Jaiswal P, Shrikrishna J, Joshi M, Nain L, Rana A and Shivay YS, 2012. Evaluating the potential of rhizo-
cyanobacteria as inoculants for rice and wheat. Journal of Agricultural Technology 8(1): 157-171.

Prescott GW, 1970. Algae of the Western Great Lakes Area. W.M.C. Brown Company Publishers. 977 pp.

Roger PA and Ladha J K, 1992. Biological N2-fixation in wetland ricefields, estimation and contribution to nitrogen
balance. Plant and Soil 141: 41-55.

Roger PA, Santiago-Ardalles S, Reddy PM and Watanabe 1, 1987. The abundance of heterocystous blue- green algae in
rice fields. Biology and Fertility of Soils 5: 98-105.

Sah P, 2008. Understanding the Physiology of Heterocyst and Nitrogen Fixation in Cyanobacteria or Blue-Green Algae.
Nature and Science 6(1): 28-33.

Santra SC, 1993. Biology of Rice Fields Blue-Green Algae, Daya Publishing House. 184pp.

Sekar S and Chandramohan M, 2008. Phycobiliproteins as a commodity: trends in applied research, patents and

commercialization. Journal of Applied Phycology 20: 113-136.

Simeunovic J, Beslin K, Svircev Z, Kovac D and Babic O, 2013. Impact of nitrogen and drought on phycobiliprotein
content in terrestrial cyanobacterial strains. Journal of Applied Phycology 25: 597-607.

Sinha RP and Hader DP, 1996. Photobiology and ecophysiology of rice field cyanobacteria. Photochemistry and
Photobiology 64(6): 887-896.

Soltani N, Khavari-Nejad RA, Tabatabaei Yazdi M, Shokravi S and Fernandez-Valiente E, 2006. Variation of
nitrogenase activity, photosynthesis and pigmentation of the cyanobacterium Fischerella ambigua strain FS18
under different irradiance and pH values. World Journal of Microbiology & Biotechnology 22: 571-576.

Stanier RY and Cohen Bazire G, 1977. Phototrophic prokaryotes: the cyanobacteria. Annual Reviews of Microbiology 31:
225-234.

Stanier RY, Kunisawa R, Mandal M, Cohen-Bazire G, 1971. Purification and properties of unicellular blue green algae
(Order: Chroococcales). Bacteriological Reviews 35: 171-305.

Vaishampayan A, Sinha RP and Hader DP, 1998. Use of genetically improved nitrogen-fixing cyanobacteria in rice
paddy fields: Prospects as a source material for engineering herbicide sensitivity and resistance in plants. Botanica
Acta 111: 176-190.


http://www.sid.ir

