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Abstract

Cyanobacteria are oxygenic, photosyn-
thetic prokaryotes with unique potential to
enhance plant growth, development, and
productivity. The effects of Phormidium sp.
ISC108 was evaluate on seed germination,
seedling growth criteria and photosynthetic
efficiency of maize. Phormidium sp. ISC108
was applied to soil via irrigation whereas
control group was irrigated via sterilized
water. A significant promotion in seed ger-
mination was observed in Phormidium sp.
ISC108 treated maize seeds. Similarly, seed-
ling growth indices of treated plants includ-
ing biomass production, plant heights and
leaf area significantly enhanced. Chlorophyll
content as well as chlorophyll a fluorescence
kinetics was also positively influenced by
Phormidium sp. ISC108 application. Quan-
tum yield of photosynthesis, primary pho-
tochemical reactions, rate of exiton transfer
to electron transport chain, yield of electron
transport and performance index of photo-
synthetic apparatus significantly increased in
response to Phormidium sp. ISC108 applica-

tion in soil. However, values of thermal dis-

sipation of absorbed light showed a signifi-
cant reduction as a result of Phormidium sp.
ISC108 treatment. Considering remarkable
growth promoting properties, Phormidium
sp. ISC108 may offer a feasible economi-
cal and environmental-friendly candidate as
bio-fertilizer in sustainable maize produc-

tion.
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Introduction

Cyanobacteria (blue green algae) are di-
verse group of photoautotrophic prokaryotes
inhabiting different types of aquatic and ter-
restrial environments. Cyanobacteria can oc-
cur in nature in unicellular and filamentous,
free-living and symbiotic forms (Dorador
et al., 2008). They possess a unique ability
to form association with different plant spe-
cies and contribute to productivity in vari-
ety of agricultural and ecological situations
(Karthikeyan et al., 2007). In recent years,

the use of cyanobacteria in agriculture has
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received increased attention, due to their
various phyto-metabolic and biological ac-
tive compounds (Mohan and Kumar, 2017).
Most, though not all, of non-heterocystous
cyanobacteria can fix atmospheric N, and
convert it into available form of ammonia that
boosts plant growth. In addition to providing
nitrogenous compounds, cyanobacteria also
produce various growth promoting substanc-
es that can benefit plants. These substances
can be categorized into plant hormones (e.
g. gibberellins, cytokinins and auxins), vita-
mins (e. g. vitamin B group), amino acids and
antibiotics (Sergeeva et al., 2002; Tsavkelo-
va et al., 2006; Lu and Xu, 2015; Rai et al.,
2019). Using cyanobacteria as bio-fertilizer,
may offer a low cost, environment-friendly
and sustainable alternative to chemical fertil-
izers. The role of cyanobacteria as bio-fertil-
izers has been mostly limited to its relevance
and utilization in paddy fields of rice (Ito and
Watanabe, 1985; Kyndiah and Rai, 2007;
Prasanna et al., 2009; Majeed et al., 2017).
Little information is available on the benefi-
cial effects of cyanobacteria on other crops.
Maize (Zea mays L.) is one of the most im-
portant crops, grown widely throughout
world in tropical, subtropical temperate cli-
mate zones. Maize is cultivated over 170
million hectares worldwide and presently
is responsible for providing approximately
half of calories consumed worldwide (Liang
et al., 2018). The increasing world food de-
mand as well as cost and the contamination
effect of chemical fertilizers, increase the
importance bio-fertilizers such as cyano-

bacteria as a proper candidate in sustainable

376

agriculture. Most reports available on bene-
ficial effects of cyanobacteria have focused
on nitrogen fixation potential and the plant
growth promoting activities of non-nitrogen
fixating cyanobacteria such as Phormidium
sp. has been neglected (Mazhar et al., 2013).
In the present study, we aimed to determine
the possible beneficial effects of Phormidium
sp. ISC108 as a bio-fertilizer on rate of seed
germination, growth induction and photosyn-

thetic parameters of Karoon mazie cultivar.

Materials and Methods
Plant materials and growing condition
Seeds of Karoon maize (Zea mays L.)
genotypes were obtained from seed and plant
improvement institute of Iran (SPII). After
sterilization, seeds were sawn in autoclaved
soil composed of 27% sand, 13% clay, 40%
silt and 20% perlite. Plants were grown in
70% of soil water holding capacity (WHC)
under controlled condition (25+ 2°C day/
20 + 2°C night, 16 h photoperiod with light
intensity of 120 pmol.m?s?' and 40- 50%
relative humidity) for 30 days (Mohan and
Kumar, 2017).
Phormidium treatment
Phormidium sp. ISC108 was obtained from
the research institute of applied sciences of
Shahid Beheshti University. Phormidium sp.
ISC108 was cultured in liquid BG-11 medi-
um (Waterbury and Stanier, 1981) and was
kept in a 16/8 h light/dark photoperiod re-
gime under 120 pmol.m™s™' light intensity
at 23 + 2°C. Phormidium sp. ISC108 was ap-
plied to soil via irrigation by adding 3 ml of
culture (OD600: 0.7) per seed 3 times a week
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(Karthikeyan et al., 2007). Control group
was irrigated via sterilized water without cy-
anobacteria.
Seed germination analysis

Seed surfaces were sterilized, placed on filter
papers in Petri dishes and soaked in Phor-
midium sp. ISC108 culture (OD600: 0.7).
Seeds were placed in 25+ 2°C in dark con-
dition for 5 days. Emerged radical from seed
coat was considered as criteria for seed ger-
mination. Germinated percentage (GP) was
determined based on following formula:
GP (%) = (n/N).100

where n is the number of germinated seeds
during the experiment and N is total number
of seeds (Maguire, 1962).
Measurement of growth indices

After 30 days sawing, the shoot and root
length and leaf area harvested plant was
measured and analysed using Image J soft-
ware (version 1.44P; US National Institutes
of Health, Bethesda, Maryland, USA). Har-
vested plants were dried in oven (72 h at
50°C) and dry weight was determined (Re-
zaee et al., 2019).

Determination of chlorophyll (chl) content
Chlorophylls were extracted from 0.1 g fresh
leaves with 10 ml of 80% acetone. The ab-
sorbance of supernatants was measured at
645 and 663 nm via spectrophotometer.
The content of chlorophyll ¢ and b was cal-
culated based on following formula: chl a
(mg.g") =[(12.7*A663-2.69%A645) V/W],
chl b (mg.g") = [(22.9¥A645-4.68%A663)
V/W], where A= absorbance at specific
wavelengths, V= final volume of chl extracts
in acetone and W= fresh weight (Arnon 1949).
Measurement of chlorophyll a fluorescence
transient (JIP- test) induction kinetics
Chlorophyll a fluorescence measurements
were performed on attached leaves in room
temperature using plant efficiency analyzer
(Handy PEA, Hansatech instruments Ltd,
Lynn, UK). Samples were dark adapted for
30 min prior to experiment. The fluorescence
rise after illumination was recorded and an-
alyzed with biolyzer 4HP software (Bioen-
ergitic laboratory, University of Geneva,
Switzerland). Definition of fluorescence ki-
netic parameters extracted from JIP test is

presented in Table 1.

Table 1. Definition of selected parameters calculated from OJIP chlorophyll

a fluorcscent transicnt.

Parameter Definition

Fv/Fu Maximal quantum yield of PSII

oPo Maximal quantum yicld of primary photochemical events
Yo Exiton transfer efficiency to electron transport chain

¢©Do Thermal dissipation yicld

pEo Electron transport yield

PI Performance index (absorbancc)
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Statistical analysis

The data were obtained from three indepen-
dent replications and expressed as mean =+
SD. The statistical significance was tested
using Student’s t-test. The value of P<0.05
was used for criterion of significance. Anal-
ysis were performed using SAS software
(Statistical Analysis System, SAS Institute
Inc. Carry, NC, USA).

Results

Effects of Phormidium sp. ISC108 treat-
ment on seed germination is depicted in
Figure 1. Seed germination was significant-
ly increased in presence of Phormidium sp.
ISC108 (100% seed gaermination) com-
pared to control group (75%).
Phormidium sp. ISC108 treatment result-
ed in improvement of maize growth indi-
ces (Fig. 2 and Fig. 3). Shoot and root dry
weight significantly (P<0.05) increased
upon Phormidium sp. ISC108 treatment in

120

soil (Fig. 2). Similarly, Root and shoot of
Phormidium sp. ISC108 treated plant exhib-
ited significantly higher length compared to
control group (Fig. 2).

Leaf area of maize plants was also signifi-
cantly (P<0.05) affected by Phormidium
sp. ISC108 treatment (Fig. 3). Leaf area in-
creased approximately 2.4 fold in response
to Phormidium application in soil.
Changes in fast fluorescene induction kinet-
ics as result of Phormidium treatment are
presented in Fig. 5. the maximum quantum
yield (F/F,)), yield of primary photochemi-
cal reactions (pPO), Exiton transfer to elec-
tron transport chain (WO), electron transport
yield (pEO) and performance index (PI)
significantly (P<0.05) increased in response
of Phormidium application in soil (Fig. 5).
However, thermal dissipation of absorbed
light (¢DO) significant reduced in maize

plants as a result of Phormidium treatment
(Fig. 5).
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Fig, 1. Effects of Phormidium sp. 1ISC108 application on

sced germination percentage of maize, 5 day after sawing.

Values are the mean of three independent experiments +

standard deviation. *, diffcrent from control at p < 0.05.
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Fig, 2, Effects of Phormidium sp. ISC108 application on shoot and root dry weight (g)
and length (cm) of maize. Values arc the mean of three independent replication +

standard deviation. * diffcrent from control at p < 0.05.
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Fig. 3. Effects of Phormidium sp. ISC108 application
on lcaf arca of maize. Valucs arc the mcan of threc
independent replication + standard deviation. *,

different from control at p = 0.05.
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Fig. 4. Effects of Phormidium sp. ISC108 application

on chlorophyll @ and # content of maize. Valuecs arc

mean of three independent replication = standard

deviation. *, different from control at p = 0.05.

Discussion

During recent years, researches on sus-
tainable agriculture has been mainly focused
on utilization of microorganisms, partic-
ularly cyanobacteria (Singh et al., 2016).
It has been proven that cyanobacteria may
contribute to plant growth promotion by dif-
ferent potential mechanisms. In the present
study, the positive effects of Phormidium
sp. ISC108 on seed germination of Karoon
maize cultivar were found significant com-

pared to control group. The obtained results
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are in line with other experiments indicating
stimulatory effects of cyanobacteria on seed
germination. The incremental effect of Nos-
toc muscorum on seed germination in sever-
al crop plants such as sorghum, wheat, lenti
and sugar beet has been reported (Adam,
1999; Aly et al., 2008). Similarly, treatment
with the culture filtrates of Anabaena oryzae,
Nostoc calcicola, Microchaete tenera and
Cylindrospermum muscicola enhanced seed
germination of rice (Hassan and Morocos,

2006). Positive effects of Anabaena variabi-
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Fig. 5. Effccts of Phormidium sp. ISC108 application on photosynthetic paramecters of

maize. Values are mean of three independent replication + standard deviation. *,

diffcrent from control at p < 0.05.

lis, Nostoc muscorum, Aulosira fertilissima
and Tolypothrix tenuis on wheat seeds ger-
mination velocity and vigor has been proven
(Kumar and Kaur, 2014). Consistent with
our findings, Suresh et al. (2019) observed
100% seed germination percentage of Zea
mays and Sorghum bicolour treatment with
200 and 500 mg.g!' growth promoting sub-
stances of Anabaena variabilis compared
to control group (25% and 45% for control
group of Zea mays and Sorghum bicolour,
respectively).

Application of Phormidium sp. ISC108 as
bio-fertilizer greatly enhanced plant growth

parameters of Karoon maize cultivar. Our
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data revealed a significant difference in bio-
mass production, plant heights as well as
leaf area between Phormidium sp. ISC108
treated plants and control group. In accor-
dance with our results, Shariatmadari et al.
(2013) reported a significant promotion of
growth and morphological parameters of
squash, cucumber, and tomato plants treated
with Anabaena vaginicola and Nostoc cal-
cicola. Moreover, research conducted with
Hussain and Hasnain (2011) and Mazhar et
al. (2013) revealed the improvement of shoot
length, lateral root fromation, dry weight
as well as leaf area of whaet plants treated

with several cyanobacterial strains includ-
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ing Nostoc sp. Anabaena sp. Chroococcidi-
opsis sp., Calothrix sp. and Phormidium sp.
Apparantly, positive impact of cyanobac-
terial application on seed germination and
seedling growth indices can be contributed
to the wide array of bio-active compounds
produced by cyanobacteria which could ei-
ther directly or indirectly be involved in cell
division, cell expansion and root initaiation
(Prasanna et al., 2010; Shariatmadari et al.,
2013). It has been demonstrated that Phor-
midium sp. is cpable of synthesis almost all
clasess of phytohormones, including Aux-
ins, cytokinins and gibbrelins. These phyto-
hormones may be involved in induction of
biomass production, boost growth and de-
velopment, as well as increase seed germi-
nation and viability (Rai et al., 2019).

Photosynthesis is one of the most important
biological process that is particularly influ-
enced by external factors. The grwoth and
yield of plants are ultimately determined
by the photosynthetic capacity. Chlorophyll
molecules play a crucial role in light depen-
dent photosynthetic reactions by capturing
light energy and transfering absorbed ener-
gy to photosystems reactions centers (Ghot-
bi-Ravandi et al., 2019). In this study, chlo-
rophyll content of maize leaves responded
positively to Phormidium sp. ISC108 inoc-
ulation. Content of both chlorophyll a and
b significantly increased in Phormidium sp.
ISC108 treated plants compared to control
group. Our results corroborated the work
of Grzesik and Romanovska-Duda (2015)
which reported an increase in chlorophyll

index of willow plants treated with Micro-

382

cystis aeruginosa and Anabaena sp. In-
crease in chlorophyll content might be due
to higher availabilty of microelemnts neces-
sary for chlorophyll biosynthesis pathway,
such as iron and magnesium suplemented by
cyanobacteria (Obana et al., 2007).

In the present study, poly-phasic chlorophyll
a fluorescence technique was used to deter-
mine the effects of Phormidium sp. ISC108
application on photosynthetic efficiency of
maize. Chlorophyll a fluorescence parame-
ters provide a reliable method to probe phys-
iological and biochemical state of photosyn-
thetic light reactions (Kalaji et al., 2012).
Maximum quantum yield of PSII (F/F,)
is one of the most sensitive parameters of
photosynthesis. Quantum yield represents
the moles of CO, fixed per quanta (photons)
absorbed. On the other hand, it depicts the
efficiency of light energy conversion into
chemical carbon bonds (Ghotbi-Ravandi
et al., 2014). Under controlled condition,
the value of F /F, is near 0.8-0.83 in most
plant (Bjorkman and Demming, 1987). In
the present study, values of F /F, signifi-
cantly increased in response to Phormidium
sp. ISC108 treatment. In addition to quan-
tum yield, yield of primary photochemis-
try (¢PO) was also increased significanly
in Phormidium sp. ISC108 treated plants.
Higher chlorophyll content and reduction
in dissipation of absorbed light through
heat or fluorescence result in higher energy
flow to reaction centers (RCs) and increase
in F /F,, and @PO values (Ghotbi-Ravandi
et al., 2016). Significant reduction in ther-
mal dissipation yield (¢DO) in Phormid-
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ium sp. ISC108 treated plants is consistent
with increase in quantum yield and primary
photochamical events. Higher rate of P680
excitation results in higher electron trans-
fer to secondary electron acceptor (‘YO)
and downstream into electron transfer chain
(eEO). In our experiments, Phormidium sp.
ISC108 treated plant exhebited an increase in
both WO and @EO vlues. Performance index
(PI) is one of the most important parametrs
of chlorophyll a fluorescence which depicts
the overal effficiency of photosynthtic light
reactions. PI is a combination of number of
active RCs, energy flux to photosystem II
and yield of electron trasport (Zushi et al.,
2012). In the present study, treatment of ma-
zie with Phormidium significantly increased
the value of PI. Higher values of PI in can be
contributed to overal higher photosynthetic
efficiency in Phormidium sp. ISC108 treat-
ed maize plants.

In our experiments, the beneficial effects
of Phormidium sp. ISC108 in term of seed
germination, growth parameters and photo-
synthetic capacity of Karoon maize cultivar
were found to be significant. Phormidium
sp. ISC108 can be considered as valuabe
candidate for formulation of low cost and
effective biofertilzer for sustanable maize

production.
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