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Figure 1. Different stages of culture, isolation and purification of cyanobacteria

, Total halozone diameter
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Halozone diameter = Total halozone diameter - Cavity diameter
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Figure 2. In order from right to left; Cultivation chamber, semi-quantitative siderophore test method and its
calculation method
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Table 1. Selected physical and chemical characteristics of the studied soil

Depth EC Tesxcﬂjlre pH oc T‘I’\fa' P K Fe zn
cm dsSm? % mg kgt

0-20 1.2 Loam 7.4 1.15 011 140 210 46 201
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Table 2. Siderophore production of cyanobacterial isolates by spectrophotometer method and halo to colony
diameter ratio by CAS-agar method.

Cyanobacteria *DTPA- Methods *Haloto  Cyanobacteria *DTPA- Methods *Halo to colony
Isolates (umol mlt day?)  colony ratio Isolates (umol mlt day?) ratio
Chroococcus sp. 1.51d 4.19 Stigonema sp. 4.00bc 3.02b
GGuCy-34 GGuCy-32

Anabaena sp. 3.95b 1.31cd Anabaena sp. 3.07bc 0.84d
GGuCy-17 GGuCy-33

Nostoc sp. 2.81c 0.67de Westillopsis 4.19bc 1.96¢
GGuCy-19 sp. GGuCy-39

Nostoc sp. 3.69bc 1.66¢ Anabaena sp. 4.94b 1.2cd
GGuCy-20 GGuCy-41

Anabaena sp. 6.69a 0.93d Anabaena sp. 3.38bc 0.86d
GGuCy-21 GGuCy-42

Anabaena sp. 3.44bc 0.45e Rivulariasp. 3.31bc 1.35¢
GGuCy-23 GGuCy-43

Anabaena sp. 4.31b 0.83d Nostoc sp. 2.75cd 2.1bc
GGuCy-24 GGuCy-46

Cylendrospermum 4.69b 1.87c Nostoc sp. 5.69ab 1.4cd
sp. GGuCy-25 GGuCy-47

Calothrix sp. 3.63bc 0.68de Anabaena sp. 5.75ab 1.25cd
GGuCy-26 GGuCy-48

Calothrix sp. 2.41cd 0.91d Anabaena sp. 2.56¢d 4.08a
GGuCy-27 GGuCy-49

Anabaena sp. 2.13cd 2.48b Anabaena sp. 3.44bhc 0.58e
GGuCy-31 GGuCy-50

3,00 (p=<0.05) Sl sima BB SSls (glasals aizr (ygeT ool S ie g o (S1ls (sla i Sils o0 (5 uSojlil (Sng o ,0*
*Mean similar letter(s) are not significantly different level, according to the Duncan’s test at 5% probability level.
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Figure 3. Correlation between siderophore concentrations measured by spectrophotometry and halo to colony
diameter ratio in CAS-agar method.
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Table 3. Mean comparison of different isolates effect of cyanobacteria on grain yield, shoot dry weight and
shoot nutrient uptake in rice pot experiment (5% probability level).

*
Cyanobacteria Treatments Shoot dry

wieght (g pot?) (

*Grain
yield
g pot™)

*Fe Nutrients uptake (mg pot™?)

concentration
(mg kg'l) Fe N P K

Control (no NPK) 6.36b
Control (no inoculation) 7.57ab
Cylendrospermum sp. GGuCy-25 8.85ab
Anabaena sp. GGuCy-42 9.34a
Rivularia sp. GGuCy-43 9.44a
Anabaena sp. GGuCy-23 7.12ab
Chroococcus sp. GGuCy-34 7.64ab
Stigonema sp. GGuCy-32 7.03ab
Anabaena sp. GGuCy-17 8.92ab

5.92b 101c 0.642d 62.3c 8.26d 73.1d
6.96ab 209ab 1.58bc 59.6bc 9.99¢c 92.5bc
7.52ab 202ab 1.78bc 81.3a 11.7a 10lab
8.27a 198bc 1.85bc 75.3ab 11.5ab 96.5bc
6.76ab 172bc 1.62c 76.6ab 11.4ab 114a
6.65ab 259 ab 1.84b 58.8bc 8.38cd 74.4d
7.41ab 303a 2.31a 57.8bc 9.41bc 89.8bc
6.55ab 213ab 1.50bc 52.4bc 8.47cd 78.2¢c
7.21ab 194bc 1.73bc 69.8ab 11.7ab 107ab

235,05 (00.05) (5 lo sime B Sils (glaals aiz yg03] (lool pp S i gy (sl (sl Siloose
*Mean similar letter(s) are not significantly different level, according to the Duncan’s test at 5% probability level.

olid i@y (lS o SlasT 6T w3l cdled wlS
o2l SN JSias G yos el 6,58 L b gl a5 adsls
AL L il g oo @ Ak, ghe o
) din, i 0055 ) o, OA/A Burkholderia
Sl 009 ) (555 L 90 oS 5 iy g oly 2ol
YYIV g YVIF AFIR s as ]y ails g olen plaslcas
5 o plail 4y azy, 5l ool Jast ol iolisl as o
Q‘Q] ‘C”J" B el 6)51..0 oL; Guhb J.NJ) 6‘)" FHK)
Wb i (101 g o9z digl &,k 5 DMA-Fe (1)
Sl bowy p ) (b ol el o Ol e J86
3550 obS adyy ;5 (8l gy g Sy o5 ol

.(Bashir et al., 2010)

S o akaily sleSlgls &Sl 4 azg
oS al) S e Jelge ploie 4y ales so )98 o
O 957y wnl pedle 5 S 18 eoliiul 55
b (59558 Sl g olS Ay Sgnpe g o g
30 Yl pley as ooy gu Bl 5 ool o S Lgilw
aalgs oy pols Cueal il axils He3g,0m oy

SBgee oy byl a5 sl las mbs oS

Jlesd y0 0 Hawd g i i jlade

Jlade (5 i Cylendrospermum sp. GGuCy-25
Sl 999 (M oS e VWV s MY s 5 )
Rivularia sp. GGUCY- L oaiizeals jlond pumliy 0>
sdalie (LIS 5 0,8 Lo WVF) oo oy 5 i 43
w0158 5 oL (6l 1y 039555 e &5 B Sl
e <) G Jyame yigp o) o aSl S (o
Ol 5 (5l )L sl o0 5 9 (i jolie 8Ly
Dhar ) ., Kea 5 ,las 5 (Sharkawi et al., 2006)
iz 0 Glidl 0e3 sla oy ,o 5o (et al., 2007
o geadli @ 2 )3 rely 9 Hied (039S (2188 polie
oged J4I51) 6 S bgikew laage 5l (Sn L
g booad mdl Gl o el Qi ol
089 ,lade (5 st Chroococcus sp. GGuCy-34
OS] byl 4y L aS (k5 5 6,5 L YITY)
et @ Cumd 5 )0 wos =y gl ) )b e
g bl ol Cds ol s, TO zali g dals
Anabaena sp. 5 Anabaena sp. GGUCY-23  slaa; gu
5 29 S8, I8 con sley,S o GGUCy-42
=il b byl L (Wei et al., 2021) Ko
,» (Burkholderia sp. § Pseudomonas sp.) s =SL

S 0098 (SH) ads, whaw o] amio LSS
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Evaluation of Siderophore Production Capacity by Isolated
Cyanobacteria from Paddy Fields
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Abstract

Siderophores are low molecular weight organic chelators which mostly expressed under iron
deficiency to chelate Fe (111) metal ions in order to regulate iron based activities. Cyanobacteria,
which are Gram-negative photoautotrophic prokaryotic organisms, hydroxamate type of siderophore
predominates. The objective of this investigation was to determine the potentials of some indigenous
cyanobacteria for siderophore production in Tabarestan Biotechnology Institute in 2014. For this
purpose, 30 strains of cyanobacteria were isolated from Guilan paddy field. Potentials of these strains
for siderophore production were evaluated by chrome azorel-S assay (CAS-agar) through color
change. Pot experiment was performed to evaluate the application of selected top strains of
cyanobacteria on growth and yield of rice plant (cv. Tarom Hashemi). Cyanobacter inoculation
treatment was selected with the top seven strains and control treatment without inoculation with three
replications was performed in a randomized complete block design in the greenhouse. The results of
this study showed that the highest rate of siderophore production in CAS- agar Chroococcus sp.
GGuCy-34 and Anabaena sp. GGuCy-49, 4.19 and 4.08 respectively and in spectrophotometer
method strains of Anabaena sp. GGUCy-21 and Nostoc sp. GGUCy-47, 6.69 and 5.75 (umol/L.day)
respectively. Anabaena sp. GGuUCy-42 highest grain yield (8.27 g pot™) Chroococcus sp. GGuCy-34
showed the highest iron uptake (2.31 mg pot?) and Cylendrospermum sp. GGuCy-25 the highest N
(81.3 mg pot?) and P (11.7 mg pot?) uptake in pot experiment in rice plant. The results of the
evaluation of siderophore production of cyanobacteria in CAS- agar with the results of the pot
experiment were more consistent. Increased iron uptake can be attributed to the effect of siderophore
strains on plant iron availability. Due to the fact that cyanobacteria capable of producing siderophore
can also be used as stimulants of plant growth.

Keywords: Chrome azurol S, Cyanobacteria, Spectrophotometer method, Siderophore-iron chelate,
Rice
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