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Effectiveness of cyanobacteria and green algae in enhancing
the photosynthetic performance and growth of willow (Salix viminalis L.)
plants under limited synthetic fertilizers application
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Abstract

The physiological response of plants to triple foliar biofertilization with cyanobacteria and green algae under the conditions
of limited use of chemical fertilizers was investigated. Triple foliar biofertilization with intact cells of Microcystis
aeruginosa MKR 0105, Anabaena sp. PCC 7120, and Chlorella sp. significantly enhanced physiological performance and
growth of plants fertilized with a synthetic fertilizer YaraMila Complex (1.0, 0.5, and 0.0 g per plant). This biofertilization
increased the stability of cytomembranes, chlorophyll content, intensity of net photosynthesis, transpiration, stomatal
conductance, and decreased intercellular CO concentration. Applied monocultures augmented the quantity of N, P, K in
plants, the activity of enzymes, such as dehydrogenases, RNase, acid or alkaline phosphatase and nitrate reductase. They
also improved the growth of willow plants. This study revealed that the applied nontoxic cyanobacteria and green algae
monocultures have a very useful potential to increase production of willow, and needed doses of chemical fertilizers can

be reduced.

Additional key words: energy plant; gas exchange; mineral fertilization.

Introduction

Recently, the strong interest in crop production is focused
on the use of microorganisms, including cyanobacteria and
green algae, as biofertilizers, which are eco-friendly, can
be an alternative to chemical fertilization, and offer
economic and ecological benefits to farmers. Biofertili-
zation allows them to reduce the use of chemical fertilizers
and pesticides which are dangerous to environment and
increase risk for human health (Sahu et al. 2012).
Researchers indicate that the biofertilization with
cyanobacteria and green algae is able to increase rooting
of grapes cuttings and germination of sunflower seeds, and
improve plant growth, as observed in rice, barley, oats,
tomato, radish, cotton, sugarcane, maize, chili, lettuce,
wheat, gillyflower, grapevine, and corn (Spiller and
Gunasekaran 1990, Romanowska-Duda et al. 2004,

Thajuddin and Subramanian 2005, Song et al. 2005,
Nilsson 2005, Karthikeyanb et al. 2007, Abd El-Moniem
and Abd-Allah 2008, Shanan and Higazy 2009,
Romanowska-Duda et al. 2010, Sahu et al 2012,
Shariatmadari ef al. 2013, Grzesik and Romanowska-Duda
2014, Grzesik and Romanowska-Duda 2015). It is
suggested that the increased growth of plants can be caused
by ability of microalgae to restore soil’s natural nutrient
cycles, to build soil organic matter, and also by enriching
plants with various nutrients, hormones, and secondary
metabolites, which have the crucial impact on growth
(Parkash et al. 2014, Uysal et al. 2015, Vasileva et al.
2016). Efficient atmospheric nitrogen-fixing strains of
cyanobacteria (Nostoc linkia, Anabaena variabilis,
Aulosira fertilisima, Calothrix sp., Tolypothrix sp., and
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Scytonema sp.) were identified from various agro-
ecological regions and utilized for rice production (Prasad
and Prasad 2001). The growth promotion in response to
application of Nostoc muscorum (N-fixing cyanobacteria)
could be attributed to the nitrogenous as well as nitrate
reductase activities of the algae applied to the surface of
plants, or the amino acids and peptides produced in
cyanobacterial filtrate and/or other compounds that
stimulated growth of plants (Kulk 1995, Adam 1999).
Some strains of these blue-green algae are capable of
abating various kinds of pollutants and are potentially
biodegrading organisms (Subramanian and Uma 1996).
According to Malliga et al. (1996) Anabaena azollae
exhibited lignolysis and released phenolic compounds
which induced profuse sporulation of an organism.

In spite of the mentioned data concerning biology of

Materials and methods

Plants: The plants of Salix viminalis L. were obtained
from woody cuttings according to the procedure used for
commercial production. The cuttings were rooted and the
obtained plants were grown in 3-L pots, filled with poor
quality soil, and placed outside. The soil contained
minimal amounts of N, P, K, Mg, Fe, Mn, Cu, Zn, Mo,
which were sufficient only for 1-2 weeks of growth. The
plants were watered with tap water when needed, while
temperature depended on weather.

Monocultures of Microcystis aeruginosa MKR 0105
(M.a), Anabaena sp. PCC 7120 (A.PCC), and Chlorella
sp. (Ch.sp) were cultivated on BGI/ medium (ATCC
Medium 616) at 27°C under FAREL lamp (18 W),
according to the procedure elaborated by Romanowska-
Duda et al. (2010).

Measuring the number of cells was performed
microscopically with a Fuchs-Rosenthal hemocytometer at
a magnification of 40 x (Motic Microscope BA310E,
Poland). The chamber depth of 0.1 mm and a volume of
0.0001 ml had a grid of nine squares with 1 mm? area.
Before each measurement, the sample was taken for 1 min
to break up a group and an even distribution of cells on the
grid of Fuchs-Rosenthal chamber. In order to obtain a
clearer picture, 15 ml of liquid iodine was added to
inoculate. Counts were made from the surface area of five
squares. In each case three counts were performed for each
sample and the result was averaged. The results were
converted to a number of cells in 1 ml according to the
method of Tukaj (2007). Prior to application, each mono-
culture was centrifuged at 4,000 X g for 2 min and
suspended in water. The cell density used in the experi-
ments was calculated to be 2.5 x103 cells ml™!(water).

An environmental sample contained a mixture of all
algae strains and other water plants present in water, taken
from a natural reservoir in the center of Poland.

Bio-Algeen S90 (Schulzeand Hermsen GmbH,
Germany, B-A) of 1% concentration was the commercial
ecological formulation made from a natural extract of

microalgae, information about the influence of particular
cyanobacteria and green algae strains on physiological
performance and development of individual plant species
are still very limited. It concerns also the effects of foliar
application of blue-green algae and green algae strains on
growth, physiological performance, chemical compo-
sition, and energy properties of willow plants grown in soil
poorly fertilized with synthetic nutrients.

Our research was performed to assess the ability of
Microcystis aeruginosa MKR 0105, Anabaena sp. PCC
7120 (cyanobacteria), and Chlorella sp. (green algae)
monocultures, used as foliar biofertilizers, in order to
improve the physiological performance, chemical
composition, energy properties, growth, and yield of
willow (Salix viminalis L.) plants, under conditions of
limited use of synthetic fertilizers, in order to decrease the
use of chemical fertilization and environment pollution.

brown algae (seaweed). B-A contains: N — 0.02%, P,Os —
0.006%, K,O — 0.096%, CaO — 0.31%, MgO — 0.021%,
boron (16 mgkg™),iron (6.3 mgkg™), copper (0.2 mgkg™),
manganese (0.6 mg kg), zinc (1.0 mg kg'). The
preparation contains also molybdenum, selenium, and
cobalt. Gibberellic acid (GA3) and indole-3-butyric acid
(IBA) were a commercial product of Sigma.

A commercial synthetic fertilizer YaraMila Complex
(Yara, Poland), consisted of 12% nitrogen (5% nitrate, 7%
ammonium), 11% phosphorus (P,0s), 18% potassium
(K»0), magnesium (2.65% MgO), sulphur (19.9% SO3),
and trace elements: zinc (0.02%) and boron (0.015%).

Treatments: At the beginning of the growing season, two
weeks after cutting, the plants grown in 3-L pots were
divided into three plots. The soil in every plot was ferti-
lized once with the synthetic fertilizer YaraMila Complex
at dosages of 0.0, 0.5, or 1.0 g per plant [0.0, 0.17, and
0.33 g L'(soil), respectively]. Plants were grown in 3-L
pots filled with universal soil. B-A was sprayed on leaves.

The selected batches of willow plants, within each plot,
were sprayed three times during vegetation season, at
three-week intervals, with monocultures of M. aeruginosa
MKR 0105 (M.a), Anabaena sp. PCC 7120 (A.PCC), or
Chlorella sp. (Ch.sp), which were not sonicated. The first
application was made when shoot length was 5 cm. The
results were compared to the physiological performance of
plants treated similarly with GA3 (10°M), IBA [50°g L
(H,0)], B-A, the environmental sample (ES), and with
water, which served as a control.

Assessment of plants: To assess dynamics of growth, the
height of plants, total length of all shoots, and their number
were measured every 3—4 weeks during the whole vegeta-
tion season. Fresh mass (FM) of shoots and their dry mass
(DM, dried for 3 d at 130°C in hot-air oven) were measured
at the end of experiments.

Relative chlorophyll (Chl) contents in the leaves were
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evaluated using Minolta SPAD-502 chlorophyll meter
(Konica Minolta, Japan) and expressed in SPAD units
(Grzesik and Romanowska-Duda, 2014). Net photo-
synthetic rate (Px), transpiration (E), stomatal conductance
(gs), and intercellular CO, concentration (Ci) were
measured using the portable photosynthesis measurements
system TPS-2 (PP Systems, USA) (Kalaji et al. 2014).
Measurements were provided under field conditions at the
end of July on fully developed leaves at morning hours
(08:00-11:00 h). Temperature was about 20-25°C, air
humidity about 70-80%, and light intensity ca. 1,100—
1,300 umol(photon) m 2 s™!. Activities of acid (pH 6) (EC
3.1.3.2) and alkaline (pH 7.5) (EC 3.1.3.1) phosphatase
[mU g '(FM) min!] and RNase (EC 3.1.27.5) [mU
¢ '(FM) min™'] in the leaves were examined according to
the methods described by Knypl and Kabzinska (1977).
Total dehydrogenase activity (EC 1.1.1.-) [mg(formazan)
¢! (leaf FM)] was evaluated by the procedure described by
Gornik and Grzesik (2002), using spectrophotometer
UVmini-1240 (Shimadzu, Japan) for formazan deter-
mination at a wavelength of 480 nm. Enzyme activities
were calculated on the base of FM. Nitrate reductase (EC
1.7.99.4) [umol(NO») g '(DM) h™'] was assessed using the
procedure elaborated by Bergman et al. (1992).
Electrolyte leakage was measured at 20°C after placing
leaf segments in test tubes and adding 3 ml of distilled
water. Microcomputer conductivity meter CC-551 (El-
metron, Poland) was used to measure electrolyte leakage
from the leaves after 2 and 4 h (Gornik and Grzesik 2002).

Results

Vegetative growth of willow: The impact of fertilization
with synthetic fertilizers and foliar application of micro-
algae on growth and physiological activity of plants was
similar, independent of a fact whether they were cultivated
in pots or under field conditions. This indicated that the
treatments could be performed under all conditions of
plant cultivation, including the field. The research showed
that the application of triple foliar biofertilization of wil-
low with intact cells of M.a, A.PCC, and Ch.sp resulted in
increased plant height, total shoot length, FM and DM, and
its physiological performance in comparison to B-A, ES,
GA3, IBA, and especially to the control, where the willow
plants were sprayed only with tap water. These positive
changes were found in all variants fertilized with the syn-
thetic fertilizer YaraMila Complex, although their extent
depended on the doses of this nutrient added to soil (1.0,
0.5, or 0.0 g per plant) and treatment. The presented study
proved that biofertilization with M.a, A.PCC, and Ch.sp
can be a powerful means of enriching plants with growth-
promoting substances and improving willow crop yields.
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Assessment of macroelement (N, P, and K) contents in
plants, caloric value of shoots in the operating state, heat
of combustion in the analytical state, and ash content in the
working state were made by local specialized laboratories
(Carbochem, Poland), having national certifications to
perform such tests, and using Polish standards for these
analyzes: PN-G-04511:1980, PN-ISO 1171:2002, PN-ISO
1928:2002, and PN-G-04584:2001.

Statistical analysis: All experiments were performed in
three series and in three replicates for each treatment
within each serie. During first two subsequent years,
experiments were carried out outdoor in pots. Every
replicate under such conditions contained 10 plants grown
individually in separate 3-L pots. In the third year, the
effect of selected treatments was tested under field
conditions, on plots with the size of 3 x 3 m. Within each
series, each replicate was set up in a completely
randomized block design. Effects of the synthetic fertilizer
and the treatments with microalgae on growth and
physiological activity of plants, cultivated by both
methods, were similar. Therefore, in order to reduce the
number of repeating data, tables and figures give the
results of experiments performed in containers. The
obtained data, given as means from series and replicates,
were processed applying analysis of variance (ANOVA),
by Statistica 12. The means of chosen parameters were
grouped employing the Duncan’s test at a = 0.05
significance level.

The reduction of synthetic fertilizer (YaraMila
Complex) dose by half (from 1.0 to 0.5 g per plant) resulted
in a very slight decrease in growth of willow plants which
were treated with cyanobacteria and green algae, while in
the control (plants sprayed with water), it caused very
significant reduction in the plant height (Fig. 14-C),
number of shoots, total shoot length (Table 1), and FM and
DM (Fig. 1D,E). Biofertilization with these strains caused
the increased total length of shoots by 16.7-29.7% at the
fertilizer dose of 1.0 g per plant as compared with the
control and by 69.2—85.8%, when this dose was reduced to
0.5 g per plant. Similar correlations of a lesser degree were
observed after foliar application of B-A, GAjs, and IBA.
The plants, which were not fertilized with YaraMila
Complex, grew very poorly, and their growth increased by
the treatment with cyanobacteria and green algae, although
to a much lesser extent than that in the case when the
fertilizer was used at a dose of 1.0 and 0.5 g per plant
(Table 1, Fig. 1).
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Fig. 1. (4-C) Dynamics of willow plant growth in 3-1 L pots outdoor, as affected by triple foliar spray of leaves with GA3 10°M (GA),
IBA 50%¢ L'(H20) (IBA), Bio-Algeen S90 (B-A), and intact monocultures of Microcystis aeruginosa MKR 0105 (M.a), Chlorella sp.
(Ch.sp.), Anabaena sp. PCC 7120 (A.PCC.), and the environmental sample (E.s.). Doses of the complex fertilizer YaraMila added to
soil: 0.0 g (4), 0.5 (B), and 1.0 g per plant (C). The LSD were calculated at the significance level of p=0.05. Effect of microalgae on
fresh and dry mass of plants (D, E). The data marked with the same letter (separately for fresh and dry mass) are not significantly
different according to Duncan’s multiple range test at the significance level of p=0.05.

Table 1. Number of shoots in willow plants grown in 3-L pots outdoor and increase in the total length of shoots as affected by triple
foliar spray with biostimulators, intact monocultures of cyanobacteria, green algae or the environmental sample and soil fertilization
with different doses of the synthetic fertilizers (0.0, 0.5, and 1.0 g per plant). “The data marked with the same letter, within number of
shoots measurements and particular doses of fertilizer, are not significantly different according to Duncan’s multiple range test at the
significance level of p=0.05. “"The LSD were calculated at the significance level of p=0.05.

Applied stimulators,
Cyanobacteria,

Number of shoots per plant
Doses of fertilizer YaraMila [g plant™]

Increase in the length of shoots [%]
Complex [g plant™']

or green algae 0.0 0.5 1.0 0.0 0.5 1.0
Control 1.07° 1.332 L.67% 100.0*  100.0° 100.02
GA; 10°M 1.332 1.332 1.63° 110.6°  128.0° 106.0°
IBA50° g I''(H20) 1.67° 1.68b 2.00° 106.1>  117.0° 105.9°
Bio-Algeen S90 2.00° 2.10¢ 2.33d 115.19 1454 111.6°
Chlorella sp. 2.10¢ 2.67¢ 2.73¢ 132.38 173.38 121.2¢
Microcystis aeruginosa 2.10¢d 3.00¢ 3.00¢ 135.3¢ 185.8" 129.7f
Anabaena PCC 7120 2.10%¢ 2.38¢d 2.70° 125.6"  169.2f 116.74
Environmental sample 1.70% 2.00° 2.10%¢ 120.2¢  136.3¢ 108.6
LSD g5 0.33 4.0

Our study showed that independently of the chemical
fertilization, M.a enhanced plant growth a little more
effectively than Ch.sp and A.PCC and that these three
monocultures influenced more effectively plant growth
than B-A and ES taken from the natural water reservoir. The
beneficial impact of GA; (10°M) and IBA (50 g L) on
plant growth was intermediate, between the effectiveness
of microalgae treatments, and the control. Efficiency of
foliar biofertilization grew with an increasing number of

willow treatments. It resulted in the increased height,
number of shoots, and their total length compared with the
control, probably due to the transfer of higher quantity of
active compounds from microalgae strains and their
increased accumulation in willow plants with each next
application (Table 1, Fig. 1). Foliar biofertilization with
these strains also improved plant health status (data not
shown).
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Fig. 2 (4-C) Index of chlorophyll content (in relative SPAD units) in leaves of willow plants, grown in 3-L pots outdoor, as affected by
triple foliar spray with biostimulators, intact monocultures of cyanobacteria, green algae or the environmental sample and soil
fertilization with different doses of the synthetic fertilizers [0.0 (4), 0.5 (B), and 1.0 g per plant (C)]. Effect of microalgae on plant gas-
exchange parameters (D—O): net photosynthesis (Pn, D—F), transpiration (£, G—I), stomatal conductance (gs, J/—L), and intercellular CO2
concentration (Ci, M—0). Doses of the synthetic fertilizers was similar to those of chlorophyll content (same order from left to right in
each row, i.e. 0.0, 0.5, and 1.0 g per plant). The LSD were calculated at the significance level of p=0.0. Legend explanation is in Fig. 1.

514

05.08

05.09

05.08
DATES OF MEASUREMENT

04.07

05.09

04.07 05.08 05.08




CYANOBACTERIA AND GREEN ALGAE EFFECTS ON PHOTOSYNTHESIS

Table 2. Activity of acid (pH 6.0) and alkaline (pH 7.5) phosphatase in willow leaves, as affected by triple foliar spray with
biostimulators, intact monocultures of cyanobacteria, green algae or the environmental sample and soil fertilization with different doses
of the synthetic fertilizers (0.0, 0.5, and 1.0 g per plant). “The data marked with the same letters, within particular enzyme are not
significantly different, according to Duncan’s multiple range test at an alpha level of 0.05. **The LSD were calculated at the significance
level of p=0.05. The LSD were calculated at the significance level of p=0.05.

Applied stimulators, Phosphatase (pH 6.0) [mU g™ (FM)]

cyanobacteria or

Doses of fertilizer YaraMila [g per plant]

Phosphatase (pH 7.5) [mU g (FM)]
Complex [g per plant]
0

green algae 0.0 0.5 1.0 0.5 1.0
Control 0.292 0.41°4 0.55f" 0.9% 0.13> 0.18%
GA3 10°M 0.36" 0.651 0.64Mi 0.13° 0.19¢f 0.22f
IBA 507 g I''(H20) 0.35° 0.59¢h 0.61M 0.12% 0.17¢¢ 0.19¢f
Bio-Algeen S90 0.400 0.76% 0.77% 0.14be 0.26" 0.25¢
Chlorella sp. 0.46% 0.83m 0.88™ 0.15%4 0.30! 0.33i
Microcystis aeruginosa 0.50¢f 0.89mn 0.94" 0.18% 0.35k 0.38%
Anabaena PCC 7120 0.41 0.814 0.86'™ 0.14b¢ 0.30' 0.321
Environmental sample 0.40b° 0.63Mi 0.67) 0.13% 0.22f2 0.25¢
LSD o.05™" 0.05 0.03

Table 3. Activity of RNase and total dehydrogenases in willow leaves, as affected by triple foliar spray with biostimulators, intact
monocultures of cyanobacteria, green algae or environmental sample and soil fertilization with different doses of synthetic fertilizers
(0.0, 0.5, and 1.0 g per plant). “The data marked with the same letters, within particular enzyme, are not significantly different, according
to Duncan’s multiple range test at an alpha level of 0.05. **The LSD were calculated at the significance level of p=0.05.

Applied stimulators, RNase [mU g '(FM)]
cyanobacteria or

green algae

Total dehydrogenases
[mg(formazan) g~'(leaf FM)]

Doses of fertilizer YaraMila [g per plant]

0.0 0.5 1.0 0.0 0.5 1.0

Control 1.50* 2.0 2.60°4" 0.432 0.62° 0.77¢
GA3 10°M 2.00° 3.13¢ 3.40¢f 0.60° 0.859 1.13¢
IBA 507 g I''(H20) 1.95° 3.00% 3.08¢ 0.58° 0.794 1.10¢
Bio-Algeen S90 2.25b 3.57f 3.77% 0.62° 1.18¢f 1.22¢¢
Chlorella sp. 2.60° 4.10¢ 4.43h 0.69°¢ 1.35M 1.441
Microcystis aeruginosa 2.60%4 4.43hi 4.821 0.79¢ 1.50ik 1.62%
Anabaena PCC 7120 2.25b 4.10¢h 4.41h 0.66 1.30fh 1.43M
Environmental sample 2.15b 3.57° 3.77% 0.60° 1.13¢ 1.23¢
LSD ¢.05™ 0.40 0.13 0.13

Permeability of cytomembranes and physiological
performance: Independently of soil feeding with syn-
thetic fertilizer, the microalgae strains applied to leaves
improved several physiological features which had the
essential impact on willow plant development, although it
depended on the fertilization level. Biofertilization of
plants with the applied microalgae strains and substances
increased the relative Chl content in leaves and intensified
gas exchange (P, E, gs, accompanied with decreased C;)
(Fig. 2). It limited electrolyte leakage from willow leaves,
indicating lower permeability of cytomembranes,
independently of the fertilization with YaraMila Complex
(data not shown) and increased activity of acid and alkaline
phosphatase (Table 2), dehydrogenases, RNase (Table 3),
and nitrate reductase (Fig. 3). Similarly, as in the case of
vegetative growth, the highest physiological performance
was caused by M.a, A.PCC, and Ch.sp, while lower perfor-

mance was found with B-A, ES, GAj;, IBA. The control
plants treated with water exhibited the weakest growth and
physiological performance (Tables 2, 3; Fig. 2).

The reduction of synthetic fertilizer dose (added to
soil) from 1.0 g to 0.5 g(YaraMila) per plant did not change
physiological performance in the willow plants treated
with cyanobacteria and green algae, while in the plants
sprayed with water only, it caused serious decreases in
enzyme activities and gas-exchange parameters. In the
plants nonfertilized with the synthetic fertilizer, physio-
logical performance was also enhanced by treatment with
cyanobacteria and green algae, though to a much lesser
degree, as compared to the plants fertilized with doses of
1.0-0.5 g per plant. This was particularly evident during
the second half of the growing season, when the nutrient
content in soil significantly diminished (Tables 2, 3; Fig. 2).
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Fig. 3. Activity of nitrate reductase in willow leaves, as affected by triple foliar spray with biostimulators, intact monocultures of
cyanobacteria, green algae or the environmental sample and soil fertilization with different doses of the synthetic fertilizers (0.0, 0.5,

and 1.0 g per plant). Data marked with the same letters within column are not significantly different, according to Duncan’s multiple
range test at an alpha level of 0.05"". The LSD were calculated at the significance level of p=0.05. Legend explanation is in Fig. 1.

Table 4. Content of N, P, and K in willow plants, as affected by triple foliar spray with biostimulators, intact monocultures of
cyanobacteria, green algae or the environmental sample and soil fertilization with different doses of the synthetic fertilizers (0.0, 0.5,
and 1.0 g per plant). “The data marked with the same letters within particular macronutrients, are not significantly different, according

to Duncan’s multiple range test at an alpha level of 0.05. *"The LSD were calculated at the significance level of p=0.05.

Applied stimulators, N [%] P [gkg (DM)] K [g kg '(DM)]

Cyanobacteria, Doses of fertilizer [g per plant]

or green algae 0.0 0.5 0.1 0.0 0.5 1.0 0.0 0.5 1.0
Control 1.36° 2.41¢ 3.05¢" 1.220*  1.830° 2.2664F 14.4502 20.024¢ 25.910¢
GA3 10°M 1.42b 2 .48de 3.12¢h 1.226® 1.841¢ 2.271¢h 14.550®>  20.230%¢  26.017¢f
IBA 507 g I''(H20) 1.40% 2474 3.11&h 1.227®  1.835¢ 2.268%¢ 14.530®>  20.109%¢  26.004<f
Bio-Algeen S90 1.47% 2,584 3.18" 1.246> 22569 2.285fh 14.754> 20.3274 26.218°f
Chlorella sp. 1.49b 2 58¢f 3.18" 1.247> 22574 2.292¢h 14.758> 20.3304 26.212f
Microcystis aeruginosa 1.51°  2.60f 3.20h 1.247° 22579 2.204h 14.760*  20.330¢  26.215f
Anabaena PCC 7120 1.5be 2.58¢f 3.18" 1.246>  2.256% 2.292¢h 14.751° 20.324%4  26.210°f
Environmental sample 1.45%  2.514f 3 [5¢ 1.225% 22474 2.280°h  14.680®  20.167°¢  26.090°f
LSD o.05™ 0.10 0.249 0.300

Nutrients composition and energetic values of willow
plants: The applied monocultures of cyanobacteria, green
algae, and B-A increased the quantity of micronutrients
(N, P, K) in willow plants, as compared with the control.
The effect depended on the quantity of the synthetic
fertilizer and was the most intensive with its highest dose

Discussion

The use of organic fertilizers, biofertilizers, and other
microbial products is beneficial because it allows limiting
chemical fertilizer application, which is harmful for the
environment. Cyanobacteria and green algae can play a
crucial role in plant and soil fertility as nitrogen-fixing
microorganisms and producers of several natural
substances positively affecting growth. Thus, recently
around the world, a considerable progress took a place in
the development of cyanobacteria and green algae-based
biofertilizer technology (Saadatnia and Riahi 2009).
Proper foliar biofertilization with cyanobacteria and
green algae may allow limit markedly doses of chemical
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applied to soil (Table 4). The microalgae strains, B-A, and
ES, applied to leaves, did not change the willow plant
calorific value in the operating state, heat of combustion in
the analytical state, and ash content in the working state,
as compared with the control (Fig. 4).

fertilizers by as much as 50%, without significant
reduction of growth and biomass yield of willow. This
suggestion was confirmed by research of Hegazi et al.
(2010) performed on common bean; they suggested that Y4
to % of the recommended dose of nitrogen mineral
fertilizer could be saved by using some species of N-fixing
cyanobacteria.

Our results are in line with the studies of other
researchers (Falch et al. 1995, Kreitow et al. 1999, Burja
et al. 2001, Nain et al. 2010, and Rana et al. 2012) who
demonstrated the stimulatory influence of green-blue algae
on wheat development and their inhibitory effect on
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Fig. 4. Energy properties of plants (4, B) and ash content (C), as
affected by triple foliar spray with biostimulators, intact
monocultures of cyanobacteria, green algae or the environmental
sample and fertilization with complex the fertilizer at dose of 1.0
g per plant. Data marked with the same letters within particular
macroelements, are not significantly different, according to
Duncan’s multiple range test at an alpha level of 0.05. The LSD
were calculated at the significance level of p=0.05. Legend
explanation is in Fig. 1.

pathogenic microflora growth, by synthesizing some
active compounds, which inhibit the growth of bacteria
and fungi. The presented results also agree with reports of
Rastogi and Singha (2009) who indicated that some
cyanobacterial secondary metabolites were toxic to living
organisms. Diverse cyanotoxins may play ecological roles
as allelochemicals, and could be employed for the
commercial development of algaecides, herbicides, and
insecticides. Bioelicitors obtained from Ulva lactuca (sea
lettuce) reduced wilt development in tomato seedlings,
caused by Fusarium oxysporum f. sp. Ilycopersici.
(El Modafar et al. 2012). Their natural defense was
accompanied by a systemic acquired resistance which
seemed to be salicylic acid-dependent.

The increased length of shoots, branching and biomass

of willow, caused by foliar feeding with the studied
microalgae strains, could be caused by greater intensity of
several physiological events and by plant enrichment with
auxin (IAA), GA, cytokinins, amino acids, macronutrients
(N, P, K, Ca, Mg), microelements (S, Zn, Fe, Mn, Cu, Mo,
Co), polyamines, and several other secondary metabolites,
which can be produced by cyanobacteria and green algae
(Haroun and Hussein 2003, Masojidek and Prasil 2010,
Chojnacka et al. 2010, Nunnery et al. 2010, Perez-Garcia
et al. 2011, Pszczolkowski et al. 2012, Sahu et al. 2012,
Markou and Nerantzis 2013). According to Hussain and
Hasnain (2012), effectiveness of phytohormones of
microbial origin is comparable to that of standard cyto-
kinins and TAA. The natural supplements, produced by
cyanobacteria, induced adventitious shoot formation in
Brassica oleracea, similarly as it was observed in willow
plants. Release of high amounts of IAA from some plant-
interacting bacteria was also reported by Glick ez al. (1999).
Ability of symbiotic isolates of cyanobacteria to accumulate
andrelease IAA was also reported by Sergeeva et al. (2002).
According to them, IAA accumulation is stimulated by
exogenous tryptophan and may proceed via the indole-3-
pyruvic acid pathway. This blue-green algae may initiate
phytohormone signals both when free-living and when in
planta. Nostoc sp. stimulated mitotic activity in host cells
close to the site of penetration (Bergman ez al. 1992).

The hastened willow plant development resulting in
higher biomass yield could be caused not only by
metabolites and other natural biostimulators synthesized
by cyanobacteria (Markou and Nerantzis 2013) but also by
their ability to assimilate atmospheric nitrogen, even up to
20-25 kg ha™! (Sahu et al. 2012). The N, assimilated from
atmosphere could be delivered to willow tissues and cause
increasing plant growth, as it was found in rice, wheat,
gillyflower, grapevine, and corn (Spiller and Gunasekaran
1990, Obreht et al. 1993, Haroun and Hussein 2003,
Shanan and Higazy 2009, Romanowska-Duda et al. 2010,
Pszczolkowski et al. 2012, Grzesik and Romanowska-
Duda 2014). Enhanced growth of willow plants could be
also caused by the ability of the blue-green algae to convert
complex nutrients into simple ones available for plants
(Sahu et al. 2012) and to increase water-holding capacity
through their jelly structure (Roger and Reynaud 1982). It
might be also improved by the use of dead cyanobacteria
as a fertilizer reducing soil salinity (Saadatnia and Riahi
2009). Treatment with cyanobacteria could also increase
the phosphate content in soil by excretion of organic acids
(Wilson 2006).

Differentiated impact of the applied strains of
M. aeruginosa MKR 0105, Anabaena sp. PCC 7120,
Chlorella sp., and Bio-Algeen S90 (an extract from brown
algae and seaweeds) on willow plant growth could be also
caused by growth-promoting compounds, contained in the
studied monocultures which so far has not been fully
elucidated. The more positive influence of the used
cyanobacteria and green algae monocultures than that of
GA;3 and IBA could be caused by additional activity of a
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large number of growth-promoting substances present in
these strains in addition to the mentioned hormones (Roger
and Reynaud 1982, El Fouly et al. 1992, Mahmoud 2001,
Haroun and Hussein 2003, Rodriguez et al. 2006,
Masojidek and Prasil 2010, Chojnacka et al. 2010,
Nunnery et al. 2010, Perez-Garcia et al. 2011,
Pszczokowski et al. 2012, Markou and Nerantzis 2013).

Since in algae the amount of natural substances is
relatively smaller as compared to synthetic mineral ferti-
lizers, their foliar application seems to be the most appro-
priate way to increase the efficiency of biofertilization.
During foliar fertilization, more than 90% of the com-
pounds are utilized by a plant, while when they are sup-
plied to soil, only 10% of them are absorbed by crops. Thus,
foliar application can increase yields by 12-25% when
compared to conventional fertilization (Ecochem 2017).

The presented study indicated close relations between
the studied physiological activities (Chl content,
membrane permeability, enzyme activity, gas exchange)
and growth intensity of willow plants, in dependence on
on microalgal biofertilization and soil fertilization,
similarly as it was also observed in corn (Grzesik and
Romanowska-Duda 2014, Grzesik and Romanowska-
Duda 2015).

Higher Chl content in leaves (by 19%, compared with
the control) was also observed by Khan at al. (2012)
following foliar application of 0.5 mL L' of mixture of
seaweed extract and amino acids to grapevines. Exogenous
application of seaweed extract caused also 12% increase in
Chl contents, photosynthesis, and respiration rates in
leaves of ‘Fuji’ apple (Spinelli et al. 2009). Increased
content of Chl in leaves could be caused by higher amount
of nitrogen assimilated by cyanobacteria from atmosphere
and delivered to plant tissues (Spiller and Gunasekaran
1990, Nilsson 2005, Karthikeyanb et al. 2007).

The, lower permeability of cytomembranes, caused by
foliar biofertilization with the tested cyanobacteria and
green algae strains, could be caused by deposition of phos-
phates (periplasmic enzymes) on the membrane or between
the cytoplasmic membranes and a cell wall and the
consequent interactions between them (Cheng et al. 1971).

The study indicated that foliar application of cyano-
bacteria and green algae strains caused increases in activity
of several enzymes having important impact on plant
development, including acid and alkaline phosphatase,
independently of plant fertilization level. Both these
enzymes are responsible for the distribution of phosphorus
in plants and they catalyze hydrolysis of organic
phosphorus. They are also considered to be a good indi-
cator of the activity of secondary metabolites released
from cyanobacteria and green algae, moreover, they show
the mineralization potential of organic phosphorus or
biological activity of soil (Dick and Tabatabai 1993).
Cyanobacteria contain mainly acid and alkaline
phosphatases which are able to detach phosphate residues
from polyphosphates and release energy.

Cyanobacteria and green algae applications to willow
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plants stimulated ribonuclease (RNase) activity, similarly
at both fertilization doses [0.5-1.0 g(YaraMila Complex)
per plant] and to a lesser extent, when plants were not
fertilized with the synthetic fertilizer. RNase constitutes a
heterogeneous group of enzymes involved in the process
of enzymatic degradation of various fractions of
ribonucleic acid. Their activity increases during apoptosis,
aging of plants, and seed germination. Booker (2004)
indicated that ribonuclease modified the activity of
particular genes by the specific degradation of mRNA
transcripts, leading to changes in the concentration of
molecules of these compounds. According to Lehmann et
al. (2001), Sindelatova et al. (2005), and Srivastava et al.
(2006), RNase activity increased after the attack of phyto-
pathogens and under phosphorus-deficiency conditions.
Stimulation of specific RNase activity may play an
important role in increasing defense mechanisms in plant
tissues, as it was also observed in willow and corn plants,
in which the improved health status was associated with
the enhanced RNase activity (Grzesik and Romanowska-
Duda 2014, Grzesik and Romanowska-Duda, 2015).

The increased activity of dehydrogenases, caused by
cyanobacteria and green algae treatments, are in line with
reports of De-Mule et al. (1999) and De-Caire et al. (2000)
who indicated a significant positive effects of algal species
application to compost materials which led to a remarkably
increased activity of dehydrogenase, as compared with the
control variants. Cyanobacteria also increased activity of
dehydrogenases and growth of Virginia fanpetal (Sida
hermaphrodita) plants which were treated with these
monocultures and biostimulator Asahi SL (Arysta
Lifescience), to alleviate the negative influence of adverse
impact of insufficient temperature and soil moisture
content (Grzesik and Romanowska-Duda 2009).

Our results indicated that the applied cyanobacteria and
green algae to the leaves can affect the content of
microelements in plants. The greater amount of nitrogen in
the plants treated with cyanobacteria could be caused by
additional assimilation of atmospheric nitrogen by their
intact cells and its subsequent transport to the willow
tissues or by macroelements present in the cells of the
applied strains (Spiller and Gunasekaran 1990, Nilsson
2005, Karthikeyanb et al. 2007). The higher content of N,
P, K was also observed by Abd El Monien and Abd-Allach
(2008) in grapevines foliar biofertilized with green algae
Chlorella vulgari., while multiple spray applications of a
mixture of amino acids and a seaweed extract increased N,
P, K, B, Fe, and Zn contents (Khan et al. 2012). Moreover,
application of algae had a significant effect on nutrient
uptake by wheat (Mohammadi et al. 2010). The correlation
between nitrogen fixation and increased P uptake by plant
was found by Swarnalakshmi et al. (2013) who evaluated
novel biofilmed preparations, using Anabaena torulosa
(cyanobacteria) as a matrix for agriculturally useful
bacteria (Azotobacter, Mesorhizobium, Serratia, and
Pseudomonas) in wheat. In spite the positive impact on
growth and physiological activity, the applied strains
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neither reduced the energy properties of willow plants nor
changed the ash content. Moreover, due to greater amount
of N, P, K, this ash could be a useful fertilizer for
ecological crops. The literature data concerning these
issues are hard to find. The improved overall health,
enhanced Chl content in leaves, intensified photosynthetic
rate, and other plant gas-exchange parameters in leaves, as
well as higher activity of the studied enzymes, integrity of
cytomembranes and microelements quantity, caused by
application of Microcystis aeruginosa MKR 0105,
Anabaena sp. PCC 7120, and Chlorella sp., could have the
crucial influence on hastening growth of willow plant
cultivated for energy purposes.

The observation indicated that the foliar application of
selected strains of M. aeruginosa MKR 0105, Anabaena
sp. PCC 7120, and Chlorella sp. caused the increased
growth and physiological performance of willow plants,
independently of soil fertilization with synthetic fertilizers.

Proper foliar biofertilization with these monocultures may
allow a marked decrease in recommended doses of che-
mical fertilizers for willow plant cultivation (Al-Khiat
2006). Cyanobacteria are a bio-geo-chemically important
part of the ecosystems, playing an important role in
nitrogen and carbon cycling. Some algae strains also have
the important ability to form affectionate symbiotic asso-
ciations with a broad range of eukaryotic hosts belonging
to different plant groups (Gorelova 2006). Nontoxic
cyanobacterial and green algae cultures can be used in
ecological and integrated willow cultivation and can
facilitate environmental protection, by reducing the need
to use toxic artificial fertilizers and pesticides (Hegazi et
al. 2010). However, due to limited available data and an
increased interest in this area, further research is needed to
elucidate this phenomenon and to identify active
compounds discharged by cyanobacteria and green algae
and to determine their influence on particular plant species.

Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use,

distribution, and reproduction in any medium, provided the original author(s) and the source are credited.

References

Abd El-Moniem E, Abd-Allah A.S.E.: Effect of green alga cells
extract as foliar spray on vegetative growth, yield and berries
quality of superior grapevines. — Am.-Eurasian J. Agric.
Environ. Sci. 4: 427-433, 2008.

Adam M.S.: The promotive effect of cyanobacterium Nostoc
muscorum on the growth of some crop plants. — Acta
Microbiol. Pol. 48: 163-171, 1999.

Al-Khiat S.H.A.: Effect of Cyanobacteria as a Soil Conditioner
and Biofertilizer on Growth and some Biochemical Charac-
teristics of Tomato (Lycopersicon esculentum L.) Seedlings.
Pp. 190. Faculty of Science, King Saud University, Riyadh
2006.

Bergman B., Johansson C., Séderbick E.: The Nostoc-Gunnera
symbiosis. — New Phytol. 122: 379- 400, 1992.

Booker F.L.: Influence of ozone on ribonuclease activity in wheat
(Triticum aestivum) leaves. — Physiol. Plantarum 120: 249-255,
2004.

Burja A.M., Banaigs B., Abou-Mansour E. ef al.: Marine
cyanobacteria — a profilic source of natural products. —
Tetrahedron 57: 9347-9377, 2001.

Cheng K.J., Ingram J.M., Costerton J.W.: Interactions of alkaline
phosphatase and the cell wall of Pseudomonas aeruginosa. —J.
Bacteriol. 107: 325-336, 1971.

Chojnacka A., Romanowska-Duda Z.B., Grzesik M. et al.:
Cyanobacteria as a source of bioactive compounds for crop
cultivation. — In: K. Wolowski, J. Kwandrans, Wojtal A.Z.
(ed): Taxonomy the Queen of Science - the Beauty of Algae.
Book of Abstracts of the 29th International Phycological
Conference Krakow. Pp. 81-82. Inst. Bot. Polish Acad. Sci.,
Krakow 2010.

de Caire G.Z., de Cano M.S., Palma R.M. et al.: Changes in soi
enzymes activity by cyanobacterial biomass and exo-
polysaccharides. — Soil Biol. Biochem. 32: 1985-1987, 2000.

de Mulé M.C.Z., de Caire G.Z., de Cano M.S. et al.: Effect of
cyanobacterial inoculation and fertilizers on rice seedlings and
post harvest soil structure. — Commun. Soil Sci. Plan. 30:

97-107, 1999.

Dick W.A., Tabatabai M.A.: Significance and potential uses of
soil enzymes. — In: Metting F.B. (ed): Soil Microbial Ecology:
Application in Agricultural and Environmental Management.
Pp. 95-125. Marcel Dekker, New York 1993.

Ecochem: Foliar Applied Fertilizer. http://www.ecochem.com/
t_foliar.html, 2017.

El-Fouly M.M., Abdalla F.E., Shaaban M.M.: Multipurpose large
scale production of microalgae biomass in Egypt. Proceedings
on 1% Egyptian Etalian Symptoms on Biotechnology. Assiut,
Egypt (Nov 21-23). Pp. 305-314, 1992.

El Modafar C., Elgadda M., El Boutachfaiti R. et al.: Induction
of natural defence accompanied by salicylic acid-dependant
systemic acquired resistance in tomato seedlings in response to
bioelicitors isolated from green algae. — Sci. Hortic.-
Amsterdam 138: 55-63, 2012.

Falch B.S., Kénig G.M., Wright A.D. et al.: Biological activities
of cyanobacteria: evaluation of extracts and pure compounds.
— Planta Med. 61: 321-328, 1995.

Glick B.R., Patten C.L., Holguin G. et al.: Biochemical and
Genetic Mechanisms Used by Plant Growth Promoting
Bacteria. Pp. 267. ICP, Ontario 1999.

Gorelova O. A.: Communication of cyanobacteria with plant
partners during association formation. — Microbiology 75: 465-
469, 2006.

Gornik K., Grzesik M.: Effect of Asahi SL on China aster
‘Aleksandra’ seed yield, germination and some metabolic
events. — Acta Physiol. Plant. 24: 379-383, 2002.

Grzesik M., Romanowska-Duda Z.B., Piotrowski K.: The effect
of potential climatic changes, Cyanobacteria, Biojodis and
Asahi SL on development of the Virginia fanpetals (Sida
hermaphrodita) plants. — Pamigtnik Pulawski 151: 483-491,
2009.

Grzesik M., Romanowska-Duda Z.: Improvements in germi-
nation, growth, and metabolic activity of corn seedlings by
grain conditioning and root application with cyanobacteria and

519



M. GRZESIK et al.

microalgae. — Pol. J. Environ. Stud. 23: 1147-1153, 2014.

Grzesik M., Romanowska-Duda Z.: Ability of cyanobacteria and
green algae to improve metabolic activity and development of
willow plants. — Pol. J. Environ. Stud. 24: 1003-1012, 2015.

Haroun S.A., Hussein M.H.: The promotive effect of algal
biofertilizers on growth, protein pattern and some metabolic
activities of Lupinus termis plants grown in siliceous soil. —
Asian J. Plant Sci. 2: 944-951, 2003.

Hegazi A.Z., Mostafa M.S.S., Ahmed H.M.L: Influence of
different cyanobacterial application methods on growth and
seed production of common bean under various levels of
mineral nitrogen fertilization. — Nat. Sci. 8: 183-194, 2010.

Hussain A., Hasnain, S.: Comparative assessment of the efficacy
of bacterial and cyanobacterial phytohormones in plant tissue
culture. — World J. Microb. Biot. 28: 1459-1466, 2012.

Kalaji M.H, Schansker G., Ladle R. J. et al.: Frequently Asked
Questions about chlorophyll fluorescence: practical issues. —
Photosynth. Res. 122: 121-158, 2014.

Karthikeyan N., Prasanna R., Nain L. et al: Evaluating the
potential of plant growth promoting cyanobacteria as
inoculants for wheat. — Eur. J. Soil Biol. 43: 23-30, 2007.

Khan A.S., Ahmad B., Jaskani M.J. ef al.: Foliar application of
mixture of amino acids and seaweed (Ascophylum nodosum)
extract improve growth and physico-chemical properties of
grapes. — Int. J. Agric. Biol., 14: 383-388, 2012.

Knypl J.S., Kabzinska E.: Growth, phosphatase and ribonuclease
activity in phosphate deficient Spirodela oligorrhiza cultures.
Biochem. Physiol. Pfl. 171: 279-287, 1977.

Kreitlow S., Mundt S., Lindequist, U.: Cyanobacteria — a
potential source of new biologically active substances. — J.
Biotechnol. 70: 61-63, 1999.

Kulk M.M.: The potential for using cyanobacteria (blue-green
algae) and algae in the biological control of plant pathogenic
bacteria and fungi. — Eur. J. Plant Pathol. 101: 85-599, 1995.

Lehmann K., Hause B., Altmann D. ef al.: Tomato ribonuclease
LX with the functional endoplasmic reticulum retention motif
HDEF is expressed during programmed cell death processes,
including xylem differentiation, germination, and senescence.
— Plant Physiol. 127: 436-449, 2001.

Mahmoud M.S.: Nutritional status and growth of maize plants as
affected by green microalgae as soil additives. —J. Biol. Sci. 1:
475-479, 2001.

Malliga P., Uma L, Subramanian G.: Lignolytic activity of the
cyanobacterium Anabena azollae ML2 and the value of coir
waste as a carrier for biofertilizer. — Microbios 86: 175-183,
1996.

Markou G., Nerantzis, E.: Microalgae for high-value compounds
and biofuels production: A review with focus on cultivation
under stress conditions. — Biotechnol. Adv. 31: 1532-1542,
2013.

Masojidek J., Prasil O.: The development of microalgal bio-
technology in the Czech Republic. — J. Ind. Microbiol. Biot. 37:
1307-1317, 2010.

Mohammadi K., Ghalavand A., Aghaalikhani M.: Study the
efficacies of green manure application as chickpea per plant. —
World Acad. Sci. Eng. Technol. 46: 233-236, 2010.

Nain L., Rana A., Joshi M. et al.: Evaluation of synergistic effects
of bacterial and cyanobacterial strains as biofertilizers for
wheat. — Plant Soil 331: 217-230, 2010.

Nilsson M., Rasmussen U., Bergman B.: Competition among
symbiotic cyanobacterial Nostoc strains forming artificial
associations with rice (Oryza sativa). — FEMS Microbiol. Lett.
245: 139-144, 2005.

520

Nunnery J.K., Mevers E., Gerwick W.H.: Biologically active
secondary metabolites from marine cyanobacteria. — Curr.
Opin Biotech. 21: 787-793, 2010.

Obreht Z., Kerby N.W., Gantar M. et al.: Effects of root-
associated N2-fixing cyanobacteria on the growth and nitrogen
content of wheat (7riticum vulgare L.) seedlings. — Biol. Fert.
Soils 15: 68-72, 1993.

Perez-Garcia O., Escalante F.M.E., de-Bashan L.E. et al.:
Heterotrophic cultures of microalgae: Metabolism and
potential products. — Water Res. 45: 11-36, 2011.

Prakash S., Nikhil N.: Algae as a soil conditioner. — Int. J. Eng.
Tech. Res. 2: 68-70, 2014.

Prasad R.C., Prasad B.N.: Cyanobacteria as a source biofertilizer
for sustainable agriculture in Nepal. — J. Plant Sci. Bot.
Orientalis 1: 127-133, 2001.

Pszczolkowski W., Romanowska-Duda Z., Owczarczyk A. et al.:
Influence of Secondary Metabolites from Cyanobacteria on the
Growth and Plant Development. Physiological Reports:
Current Advances in Algal Taxonomy and its Applications:
Phylogenetic, Ecological and Applied Perspective. Pp. 195-
203. Institute of Botany, Polish Academy of Sciences, Krakow
2012.

Rana A., Joshi M., Prasanna R. et al.: Biofortification of wheat
through inoculation of plant growth promoting rhizobacteria
and cyanobacteria. — Eur. J. Soil Biol. 50: 118-126, 2012.

Rastogi R.P., Sinha R.P.: Biotechnological and industrial
significance of cyanobacterial secondary metabolites. —
Biotechnol. Adv. 27: 521-539, 2009.

Rodriguez A.A., Stella A.A., Storni M.M. et al.: Effects of
cyanobacterial extracelular products and gibberellic acid on
salinity tolerance in Oryza sativa L. — Saline Syst. 2: 7, 2006.

Roger P.A., Reynaud P.A.: Free-living Blue-green Algae in
Tropical Soils. Pp. 147-168. Martinus Nijh Publ., The Hague
1982.

Romanowska-Duda Z., Wolska A., Malecka, A.: Influence of
blue-green algae as nitrogen fertilizer supplier in regulation of
water status in grapevines under stress conditions. — In:
Medrano H. (ed.): Book of Abstracts: COST 858: Water
Transport and Aquaporins in Grapevines, October 20-23,
Alcudia, Spain. Pp. 10. University of the Balearic Islands,
Palma 2004.

Romanowska-Duda Z.B., Grzesik M., Owczarczyk A. et al.:
Impact of intra and extracellular substances from Cyano-
bacteria on the growth and physiological parameters of
grapevine (Vitis vinifera). — In: Arola L., Carbonell J. (ed.):
20th International Conference on Plant Growth Substance
(IPGSA), Book of Abstracts 28.07-02.08.2010. Pp. 118.
Universitat Rovira i Virgili, Tarragona 2010.

Saadatnia H., Riahi H.: Cyanobacteria from paddy fields in Iran
as a biofertilizer in rice plants. — Plant Soil Environ. 55: 207-
212, 2009.

Sahu D., Priyadarshani I., Rath, B.: Cyanobacteria — as potential
biofertilizer. — CIBTech J. Microbiol. 1: 20-26, 2012.

Sergeeva E., Liaimer A., Bergman B.: Evidence for production
of the phytohormone indole-3-acetic acid by cyanobacteria. —
Planta 215: 229-238, 2002.

Shanan N.T., Higazy A.M.: Integrated biofertilization
management and cyanobacteria application to improve growth
and flower quality of Matthiola incana. — J. Agr. Biol. Sci 5:
1162-1168, 20009.

Shariatmadari Z., Riahi H., Hashtroudi M.S. et al.: Plant growth
promoting cyanobacteria and their distribution in terrestrial
habitats of Iran. — Soil Sci. Plant Nutr. 59: 535-547, 2013.



CYANOBACTERIA AND GREEN ALGAE EFFECTS ON PHOTOSYNTHESIS

Sindelafova M., Sindelai L., Wilhelmova N. ef al.: Changes in
key enzymes of viral-RNA biosynthesis in chloroplasts from
PVY and TMV infected tobacco plants. — Biol. Plantarum 49:
471-474, 2005.

Spinelli F., Fiori G., Noferini M. et al.: Perspectives on the use
of a seaweed extract to moderate the negative effects of
alternate bearing in apple trees. — J. Hortic. Sci. Biotech. 84:
131-137, 2009.

Spiller H., Gunasekaran M.: Ammonia-excreting mutant strain of
the cyanobacterium Anabaena variabilis supports growth of
wheat. — Appl. Microbiol. Biot. 33: 477-480, 1990.

Srivastava S., Emery R.J.N., Kurepin L.V. ef al.: Pea PR 10.1 is
a ribonuclease and its transgenic expression elevates cytokinin
levels. — Plant Growth Regul. 49: 17-25, 2006.

Song T., Martensson L., Eriksson T.: Biodiversity and seasonal
variation of the cyanobacterial assemblage in a rice paddy field
in Fujian, China. — FEMS Microbiol. Ecol. 54: 131-140, 2005.

Subramanaian G., Uma L.: Cyanobacteria in pollution control. —

J. Sci. Ind. Res. India 55: 685-692, 1996.

Swarnalakshmi K., Prasanna C.R., Kumar A. et al.: Evaluating
the influence of novel cyanobacterial biofilmed biofertilizers
on soil fertility and plant nutrition in wheat. — Eur. J. Soil Biol.
55:107-116, 2013.

Thajuddin N., Subramanian G.: Cyanobacterial biodiversity and
potential applications in biotechnology. — Curr. Sci. 89: 47-57,
2005.

Tukaj Z.: [Exercise Guide for Plant Physiology.] Pp. 1-186.
Wydawnictwo Uniwersytetu Gdanskiego, Gdansk 2007. [In
Polish]

Uysal O., Uysal F.O., Ekinci K.: Evaluation of microalgae as
microbial fertilizer. — Eur. J. Sustain. Dev. 4: 77-82, 2015.

Vasileva 1., Ivanova J., Paunov M et al.:Urea from waste waters
— perspective nitrogen and carbon source for green algae
Scenedesmus sp. cultivation. — Ecol. Safe. 10: 311-319, 2016.

Wilson L.T.: Cyanobacteria: A potential nitrogen source in rice
fields. — Texas Rice 6: 9-10, 2006.

521




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


