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Abstract

The aim of this work is to develop an efficient method for detection and evaluation of the plant growth regulators
produced from cyanobacteria species (Anabaena oryzae and Nostoc muscorum) cultivated on BG11,, and Chlorophyta
alga (Chlorella vulgaris) cultivated on BG11 in addition to the cultivation of these strains on treated sewage wastewa-
ter (TSW) combined with control media (BG11 and BG11,) at different concentrations (100, 75 and 50%). Bioassays
were performed on Wheat coleoptile length and Cucumber cotyledons fresh weight for indole acetic acid (IAA) and
Benzyl adenine (BA) detection. In addition, application experiments of IAA and BA presence in algal extract were
applied on tomato plantlets and soybean callus. The obtained results of A. oryzae and N. muscorum extracts (grown
on BG11,and 100% sewage media) with optimum conc. of IAA and BA showed moderate shoot length and leaves
number as well as high root initiation of tomato explant compared to control. While dimethyl sulfoxide (DMSQ), IAA
conc. as well as IAA+4BA conc. showed no effect on branching and leaf expansion. The results of C. vulgaris (grown on
BG11) also revealed that the shoot had high leaves number and greatest root initiation, without branching and leaf
expansion. On the other hand, 100% TSW had a moderate shoot, leaves number and high root initiation. Extracts of A.
oryzae and N. muscorum (grown on BG11,) induced 1.5-fold increase in soybean callus fresh weight, while the growth

on 100% TSW was shown to be less effective. Moreover, extract of C. vulgaris (grown on BG11) induced a moderate
effect, while its growth on 100% TSW was shown to be less effective in soybean callus fresh weight increment.
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Introduction

Algal cultivation on wastewater could be potentially use-
ful to reduce or even eliminate nutrients and heavy met-
als in the wastes. This system could use the wastewater
instead of being pumped into the ocean and contami-
nate its water every day. The harvested algal biomass has
many potential uses, which include bio-fuel, fish feed and
ethanol production. The algae can help the elimination
of harmful chemicals out of the wastewater and produce
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clean drinking water. Microalgal cultures on treated
wastewater (urban, industrial or agricultural effluents)
can provide a tertiary biotreatment coupled with the pro-
duction of potentially valuable algal biomass, which can
be involved or useful for various purposes [1].

Several bioactive compounds are produced by cyano-
bacteria and microalgae have been discovered by screen-
ing programs [2]. Many of these chemicals have a diverse
range of biological activities and chemical structures,
which affect many physiological and biochemical pro-
cesses within the cell. Such chemicals are thought to be
related to the regulation and succession of algal and bac-
terial populations. These chemicals are expected to be
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synthesized under stress conditions, low algal growth rate
and released at appropriate concentration to be effective.

In 1960-1970s an active search for phytohormones in
various algal taxa was performed. During this period
many compounds with hormonal activity were detected
from Chlorophyta, Phaeophyta and Rhodophyta. The
most interesting of them are IAA, GA3, IPA and lunularic
acid. Algae produce plant growth regulators [PGRs], sim-
ilar to those of higher plants. Cyanobacteria synthesized
various amounts of auxin in the presence of different
concentrations of its precursor L-Tryptophan [3].

Many studies focused on the importance of micro-and
macro-algal filtrates and extracts either added to the soil
or mixed with the tissue culture media or even applied
as foliar spray. The effect of seaweed extracts made from
the brown algae Durvillaea potatorum and Ascophyl-
lum nodosum on tomato plant and soil was investigated
[4—6]. They showed a pronounced beneficial effect not
only on soil but it can also enhance the morphological,
physiological and biochemical parameters of different
crop plants and vegetables [7-9]. Seaweed extracts con-
tained growth promoting substances as phytohormones
and other bio-stimulants like amino acids, vitamins,
macro-and micronutrients. These biostimulants may
induced an enhancement effect to plant growth [10] by
facilitating water uptake, root and shoot growth and tol-
erance to stresses on all plant developmental stages (as
germination of seeds, growth of plants seedlings till plant
harvest). Lower concentrations were found to be more
effective either applied for seed germination or seedling
growth [11, 12].

Plant growth regulators are found to play a very impor-
tant role in plant tissue culture (PTC). They are vital for
many growth phases. Also, they help in studying the
morphological, biochemical, cytological and geneti-
cal events of the plants [13]. Auxins and cytokinins are
the most widely applied PGRs in plant tissue culture
and they are usually added simultaneously. The ratio of
auxin to cytokinin control the type of culture to which
the explant will develop. Application of higher auxin con-
centrations stimulates root formation, whereas higher
cytokinin regenerates shoot while, intermediate ratio
favors callus production. All these events depend on the
internal amounts of hormones inside the explants. Since
its discovery, PTC had significant and valuable impacts in
agricultural sciences and constitutes an essential tool in
the advancement of modern agriculture [14].

This research aimed to detect and evaluate the plant
growth regulators produced from some microalgal spe-
cies cultivated on low quality water (secondary treated
sewage wastewater) and confirm their presence and
activity using bioassays and tissue culture application
techniques.
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Materials and methods

Algal samples

Algal species and culture conditions

Two cyanobacterial species (Anabaena oryzae and Nos-
toc muscorum) were obtained from the Microbiology
Department, Soils, Water and Environment Res. Inst.
(SWERI), Agric. Res., Center (ARC) and one green alga
species (Chlorella vulgaris.) was provided from Dr. Sanaa
M. Shanab culture collection, Department of Botany
and Microbiology, Faculty of Science, Cairo University,
12,613 Giza, Egypt.

The cyanobacteria species were cultured and main-
tained on liquid BG11,, free from nitrogen [15] for cyano-
bacteria and BG11 media [16] for the green alga. Cultures
were incubated in the incubator under continuous aera-
tion (1.25 1/min), 16: 8 h light and dark cycle and light
intensity of 40 pE/m?%/s at 25+ 1 °C for 30 days.

Wastewater sources
Sewage Wastewater (SWW, Urban) was obtained from
Zenain wastewater station, Al-Eshreen, Giza, Egypt.

Wastewater analysis

Chemical indicators and parameters of treated wastewa-
ter and BG11 media were analyzed according to APHA
[17] as shown in Table 1.

Treatment of sewage wastewater

The SWW (sewage wastewater) was sterilized by micro-
fiber filter (0.22 pm) to get rid of large particles and bac-
teria. The wastewater was then termed treated sewage
wastewater (TSW). It was applied separately (as 100%
TSW) and in combination with BG11, or BG11 (in 75,
50%) to study their impacts on algal strains [18]. The
BG11, or BG11 media were used as control media the
(standard synthetic media). The algal strains were grown
in 500 ml Erlenmeyer flasks to which 10% algal inocula
were applied. Each experiment was conducted in tripli-
cates and cultures were incubated in an illuminated incu-
bator with the previously mentioned conditions.

PGRs Extraction

The harvested algal cells were dried to powder and
extracted by 96% methanol according to the method
described in El Akabawy et al. [19].

The algal cells were harvested in each experiment at
the end of the exponential phase, centrifuged, oven dried
(50 °C for 24 h), and extracted overnight in 96% metha-
nol. Then, the methanolic fraction was filtrated, and
the residual pellets were re-extracted 3 times with 40%
(10 ml) cold methanol. The combined methanol extracts
were evaporated in the dark at room temperature. The
residual aqueous solution was adjusted to pH 2.6 residual
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Table 1 Chemical characteristics of the treated sewage
wastewater (TSW) used for cultivation of microalgae compared
with the composition of BG11 medium

Parameters BG11 medium Treated sewage
wastewater
(TSW)

pH 7 648
Total nitrogen mg/L 248 285
Cation's (mg/L)

Ca’t 9.8 36.7

Mg?*+ 88 16.2

K+ 179 17.5

Na™ 140 177
Anion’s (mg/L)

oy~ 6.2 399

HCO®~ 13 183

= 18 71

50,2~ 37 263
Trace elements (ug/L)

Cu 20 36

Zn 5 62

B 500 150

p 7000 6100

Fe 3200 130

Co 16 27

Mn 500 110

aqueous solutiontimes by absolute ethyl acetate (50 ml/
each extract). In addition, the ethyl acetate fraction was
separated and dried over anhydrous MgSO4. Finally, the
residue was dissolved in 4 ml of absolute methanol.

Experimental research and field studies on plants

All Experimental research and field studies on plants,
including the collection of plant material (including
seeds), comply with relevant institutional, national, and
international guidelines and legislation.

Response of the wheat coleoptile section elongation

to auxins

This method was applied according to Nitsh and Nitsh
[20], where: Wheat grains (Triticum aestivum L. Giza 171
was obtained from Agriculture Research Center (ARC),
Giza, Egypt) were soaked in distilled water for two hours.
The soaked grains were grown in darkness at 25 C for
48 h under green—safe light, then, 6 mm sections below
the tips were cutten and10 coleoptile sections of 6 mm
length were incubated (in darkness at 25 C for 24 h.)
in 2.5 ml sucrose buffer pH 5 with 2.5 ml of algal crude
extract of tested samples and 2.5 ml of different IAA
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conc. (1078-1073 M) for dose response curve. Elongation
of wheat coleoptile was determined in mm.

Cucumber cotyledon fresh weight for cytokinin’s bioassay
Cucumber seeds (Cucumis sativus L. picoline
F1-hybrid) were purchased from Germany supermar-
ket) and was kindly identified in the Department of
Botany and Microbiology, Faculty of Science, Cairo
University. Seeds were germinated in darkness for
4 days at room temperature (25 °C) on moist filter paper
in 5-cm petri dishes. Cotyledons were excised exclud-
ing petiole tissues and four cotyledons were placed in
each petri-dishes after determining their fresh weights.
The cotyledons were placed with their ad axial sides
down on the paper. They were incubated in the incu-
bator at 25+2 °C and 12/12 h light-dark photoperi-
ods. Three mL of crude extracts of each tested alga was
applied to each petri dish at BA concentrations 5, 10,
25, 50 and 100 ppm which were used for dose response
curve. Cotyledon growth was measured by determining
the increase in fresh weights (in grams) as reported by
Letham [21].

HPLC conditions

The standard hormonal samples (were purchased from
Sigma-Aldrich) and the algal methanol extracts were
analyzed by high performance liquid chromatogra-
phy (HPLC) with the same conditions published in El
Akbawy et al. [19]. The amount of IAA and BA in the
algae grown on BG11, or BG11 (alone and in combina-
tions) with TSW were estimated from the dose growth
curves and the HPLC analysis of algal hormones.

Application experiments

A. oryzae, N. muscorum and C. vulgaris grown on dif-
ferent media were selected for application experiments
to confirm the presence of IAA and BA by HPLC analy-
ses of algal extracts.

Soybean callus and Tomato plantlets for Benzyl adenine
(BA) and Indol aceticacid (IAA) detection

The applied methods were developed by Miller [22] and
Ran et al. [23].

Seed sterilization
The seeds of soybean (Glycine max L. cv. Giza 111) was
obtained from Agriculture.

Research Center (NRC), Giza, Egypt) and tomato
(Lycopersicon esculentus L. cv. moneymaker) was
purchased from USA). The plant seeds were kindly
identified in the Department of Botany and Micro-
biology, Faculty of Science, Cairo University. Seeds
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sterilization was performed according to the method
of Elakbawy et al. [19].

Seed'’s germination

All seeds (soybean and tomato) were germinated sepa-
rately in vitro on basal Murashige and Skoog medium
(MS) [24]. To which was added 30 g/L sucrose and
100 mg/L myo-inositol and solidified with 0.8% agar.
All jars were incubated in growth room with constant
temperature (25 =+ 0.2°C) and photoperiod (16 h dark /
8 h light) for7 days.

Seedling of soybean

Aseptically growing soybean seedlings of 7 day-old
were used as a source of cotyledon explants for callus
induction.

Soybean callus induction

Soybean callus cultures of were initiated by placing
the excised sterile cotyledon-explants (2-3 mm) thick-
ness of 7 day-old. The aseptically grown seedlings were
placed in 200 ml screw-capped glass jars containing
25 ml callus induction media. Callus induction medium
contained MS supplemented with 0.5 mg/L BA, 30 g/L
sucrose, 100 mg/L myo-inositol and 0.8% agar. Five
explants per jar (triplicates) were cultured. All cul-
tures were cultured in the dark at constant temperature
(25+2 C) for 2 weeks.

Experiment on soybean callus

Three pieces of soybean calli were transferred to each
jar containing 25 ml of basal MS medium solidified with
0.8% agar as control. Treatments were carried out using
different concentration of BA (10, 25 and 50 ppm),
crude extract of the algae grown on BG-11, BG11 and
TSW. Each treatment was represented by 3 jars (as
triplicates). The jars were maintained for 28 days at
2540.2°C in darkness. Data were determined as fresh
mass of calli per jar.

Seedling of tomato
Aseptically grown tomato seedlings (14 day-old) were
applied as a source of plantlets.

Experiment of tomato seedlings

Apical buds of tomato seedlings were excised and
transferred to MS media with different additives as
described in Elakbawy et al. [19].
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Statistical Analysis

Data were subjected to an analysis of variance, and the
means were compared using 214 the Least Significant
Difference (LSD) test at the 0.05 levels (p <0.05), fol-
lowed the method described by Snedecor and Cochran
[25].

Results and discussion

Growth rate with different treatments

The growth rate was expressed as dried mass (mg per
10 ml sample) then evaluated as dry weight (gm/L) and
optical density (OD) at 550 nm for cyanobacteria and
660 nm for Chlorophyta. The samples were collected
along 30 days with 5 days interval.

Figure 1A showed the growth rates of all Chlorella vul-
garis treatments as with the compared control ones. It
illustrated that the growth rates have short lag phases (at
day 5), then various length of log phases in addition to
short decline phases. In case of control medium (BG11
and TSW treatments), the growth rates expressed grad-
ual increment starting from day 1 of cultivation until
they reached the optimum biomass productivity then the
growth declined. The day of the maximum productiv-
ity differ from treatment to another. C. vulgaris treated
with control medium BG11 reached maximum growth
rates (900 mg/L) at day 25 of cultivation, which is twice
the value attained with 50% TSW at day 50 of cultivation.
In addition, treating C. vulgaris with control medium
(BG11) expressed absolutely high productivity over other
treatments even in the decline phase (715 mg/L) at day
30 of cultivation. However, C. vulgaris demonstrated
lower growth rates recording 356 and 373 mg/L, respec-
tively at day 50 of cultivation, when treated with 100%
and 75% TSW as shown in Table 2. Similarly, optical
density method expressed the same trend of C. vulgaris
treated with control medium BG11 and the productivity
stills high compared to the values of other treatments.

The growth rates of all Anabaena oryzae treatments
and control medium (BG11,) appeared with 3 phases
(short lag phase, log phase and short decline phase), as
shown in Fig. 1B. It was clearly noticed that the growth
rate of control medium (BG1l,) and treatments rise
continuously from the first cultivation day until they get
the maximum biomass productivity (differ according
to treatments) then growth was diminished. Optimum
growth rate of A. oryzae cultured on control medium
(at day 20 of cultivation) represented about 0.67 of the
value recorded at day 25 of cultivation when treated
with 100% TSW (600 mg/L). Also, treating A. oryzae
with 100% TSW (at day 30) and control medium (at day
25) expressed maximum productivity (400 mg/L) com-
pared to those of other treatments as shown in Table 2.
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different conc. of treated sewage wastewater (TSW) in combination with BG11 and BG110

Table 2 Maximum biomass productivity (as mg/L) of algal species cultivated on control media (BG 11 and BG11,) and treated sewage
wastewater (TSW)

Algal species Maximum biomass productivity by BG11and TSW treatment Maximum biomass
BG11, productivity by
TSW
A.oryzae 400 mg/L (BG11y) 100% TSW 600 mg/L
75% TSW 300 mg/L
50% TSW 50 mg/L
N. muscorum 350 mg/L (BG11y) 100% TSW 273 mg/L
75% TSW 253 mg/L
50% TSW 109 mg/L
C. vulgaris 900 mg/L (BG11) 100% TSW 356 mg/L
75% TSW 373 mg/L
50% TSW 450 mg/L

TSW Treated sewage wastewater
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However, low growth rates expressed 50 and 300 mg/L
at day 15 of cultivation, when treated with 50% and 75%
TSW, respectively which was lower than the optimum
value recorded by control medium.

The growth rates of all Nostoc muscorum treatments
and control BG11l, were manifested in Fig. 1C. The
growth rate of control medium (BG11;) and treatments
showed similar trends but vary with the days of lag, max-
imum productivity and decline. Maximum productiv-
ity of N. muscorum as shown in Table 2 reached about
350 mg/L at day 20 of cultivation when treated with
control medium (BG11,). However, treatment with 50%
TSW expressed lowest growth rate recording 109 mg/L
(at day 15 of cultivation), which was about 1/3 the value
recorded with control medium (350 mg/L) at day 20
of growth. Treating N. muscorum with 75% TSW and
100%TSW represented about 72 (at day 30) and 78% (at
day 25), respectively of the optimum productivity of that
expressed with control medium.

The results revealed that maximum biomass productiv-
ity was enhanced using 100% TSW in case of cyanobac-
terial species (A. oryza & N. muscorum) and using 50%
TSW for green C. vulgaris than the control one (BG11 or
BG11,). These may be due to the richness of TSW with
macro and micro-elements in addition to IAA, BA and
NPK compared to the utilized synthetic media (BG11
and BG11,).

The results were in context with those reported by
Wang et al., [18] who mentioned that, some microalgae
(as C. vulgaris) could effectively acclimatize on various
wastewaters (municipal wastewater treatment plant,
MWTP) without lag phase. Similarly, Shalaby et al., [26]
described that N. muscorum was adapted well when cul-
tivated on several types of wastewaters (Sewage, Indus-
trial and Agriculture).
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Table 1 recorded the chemical analysis of both TSW
and BG11, media which overlook the reason that TSW
stimulated the higher growth rates of algae. TSW was
slightly acidic while BG11, medium was neutral. Both
TSW and BG11, media have equal content of potas-
sium. The total nitrogen amount was approving in TSW
medium than of those of BG11,. Also, TSW possessed
high amounts of anions and trace elements (Cu, Zn and
Co) necessary in enzymes and biochemical processes.
While, the amounts of boron, phosphate, iron and man-
ganese were higher in BG11, medium.

Dose response curve of IAA

Table 3 recorded the elongation of wheat coleoptile sec-
tions after treatment by various IAA concentrations
(1078- 107 M). The results revealed that the increase
in exogenous IAA concentrations caused a gradual
enhancement in wheat coleoptile sections elongation up
to the conc. 107> M IAA where maximum elongation was
recorded (8.9 mm, 70.6%) and compared to that obtained
by control (7.7 mm). Elevation of IAA conc. (1074
102 M) showed an inhibitory effect

The replacement of the exogenous IAA concentration
by crude algal extract of A. oryzae cultivated on BG11,
shown an appreciable positive result with more elonga-
tion values than that produced by 10™* M.

TIAA (7.92, 12.9%), while crude extracts of both Chlo-
rella vulgaris (cultivated on BG11) and Nostoc muscurum
grown on BG11, shown negative result with elongation
values which were approximately equal to that produced
by 10™* M IAA (7.5, -11.8% and 7.6, -5.9%) as recorded in
Table 3.

The induced elongation of wheat coleoptile sec-
tions (after the removal of tip rich in auxin), by apply-
ing exogenous IAA, could be explained as following:

Table 3 Dose response curve of Indole acetic acid (IAA) using wheat coleoptile section elongation (in mm) All data

concentration of IAA (M)

Initial coleoptile Mean of final

Mean of net Change from Percentage (%)

length (mm) coleoptile length coleoptile elongation control (mm)
(mm) (mm)

Control 6 7.7 1.7 - -

10-8 6 83 23 06 353
10- 6 84 24 0.7 412
10-° 6 838 28 1.1 64.7
10-° 6 89 29 12 706
10-* 6 76 16 0.1 59
10-3 6 6.8 08 -09 529
Chlorella vulgaris ext.on BG11 (0.017 ppm) 6 7.8 1.5 -0.2 -11.8
Anabaena oryzae ext. on BG110 (0.24 ppm) 6 792 1.92 0.22 129
Nostoc muscorum ext. on BG110 (0.6 ppm) 6 76 1.6 -0.1 -59

All data represent the mean values of 10 replica, initial length =6 mm
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The plant cell wall is rigid and not easy to expand due
to its composition of cellulose microfibrils mixed with
polysaccharides and embedded in hemicellulose, pectin,
proteins and other components which are held together
by hydrogen bonding. So the expansion of cell wall need
the change of its physical properties, where disruption
of the cellulose microfibrils structure and loosening the
link with polysaccharides takes place by auxins espe-
cially at its optimum conc. Auxins promote acidification
of the cell wall(due to acid growth theory), stimulating
the plasma membrane in the cytoplasm to pump protons
(HT) to the cell wall which induce loosening enzymes
to loosen the cross links between the cellulose microfi-
brils, polysaccharides and the hydrogen bonding and so
microfibrils displace to slide past each other allowing
the cell wall to increase its extensibility and plasticity to
expand. Then the bonds are reformed in the new posi-
tion and microfibrils stimulated inducing irreversible
cell wall growth [27].

Table 4 Dose response curve of Benzyl adenine (BA) using fresh
wt. (gm) of cucumber cotyledon

Fresh wt. of
cucumber
cotyledon (gm)

Concentration of BA [ppm]

control 0.0127
5 0.06
10 0.0826
25 0.123
50 0.088
100 0.086
Chlorella vulgaris ext. on BG11 (0.017 ppm) 0.0002
Anabaena oryzae ext. on BG110 (0.24 ppm) 0.006
Nostoc muscorum ext. on BG110 (0.6 ppm) 0.0072

All data represent the mean values of triplicates
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Dose response curve of BA

Table 4 recorded the growth curve of the exogenously
added BA to cucumber cotyledons using concentrations
5- 100 ppm.

The obtained data revealed that, lower concentration
of BA (5 and 10 ppm) induced gradual increase in coty-
ledon fresh weight which reached its maximum weight
(0.123 g) at the optimum BA conc. (25 ppm) compared to
that of the control plant (0.127 g).

Elevation of BA conc. (50 and 100 ppm) caused a
steady constant inhibition of growth (~0.08 g) compared
to those recorded by lower BA conc. (5 and10 ppm).

The replacement of exogenous BA conc. by crude algal
extract of A. oryzae (cultivated on BG11;) was shown
to produce 0.006 g of cucumber cotyledon fresh weight
with 0.24 ppm. Whereas crud algal extract of N. musco-
rum cultivated on BG11, was shown to produce 0.0072 g
of cucumber cotyledon fresh weight induced by 0.6 ppm
and C. vulgaris crud extract (cultivated on BG11) pro-
duced 0.0002 g with 0.017 ppm.

The optimum conc. of IAA and BA in Tables 3 and 4
were used to calculate the hormone conc. in the appli-
cation experiments using wastewater, BG11 and BG11,
media as well as IAA 4+ BA combinations.

HPLC analysis results

Analysis of plant growth regulators IAA and BA in dif-
ferent extracts of the tested algae cultivated in TSW (100,
75 and 50%), BG11 and BG11, media were performed
using HPLC as shown in Table 5. The analyses showed
that, IAA content in Chlorella vulgaris was increased
in alga cultivated in 50 and 100% TSW and BG11 com-
bination (0.014 and 0.032 mg/g) when compared with
only BG11 medium (0.01 mg/g). While, the other results
showed decreased values compared with BG11 medium.
BA amount was increased in 100, 75 and 50% TSW and
BG11 combination (0.695, 0.005 and 0.033 mg/g). While,
TSW 100% recorded the highest concentration of IAA

Table 5 HPLC analysis of PGRs (as mg/g) extracted from cyanobacteria species and Chlorophyta alga cultivated on BG11, or BG11 (as

a control) and TSW media

Algal extract Hormone R; (min) 100% TSW 75%TSW 50%TSW Control medium
Conc. mg/g R% Conc. mg/g R% Conc. mg/g R% Conc. mg/g R%
A.oryzae IAA 94 0.051 67.5 0.012 38 0.011 17.7 0.003 66.7
BA 10.5 0.023 325 0.021 62 0.044 823 0.013 333
N. muscorum IAA 94 0.053 315 0.025 88.6 0.050 67.5 0.002 14.49
BA 10.5 0.120 68.5 0.004 114 0.017 325 0014 8551
C. vulgaris IAA 94 0.032 44 0.005 70.2 0014 285 0.01 753
BA 10.5 0.695 95.7 0.005 29.8 0.033 715 0.004 247

TSW Treated sewage wastewater, JAA Indole acetic acid, BA Benzyl adenine, R% Relative percentage
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and BA when compared with values obtained by BG11
medium.

The obtained results of different Anabaena oryzae
extracts cultivated in TSW and BG11, media revealed
that, both IAA and BA contents were increased in alga
cultivated in BG11, and TSW combination media (50,
75 and 100%), when compared with control (BG11,
medium). Moreover, 100% TSW recorded highest con-
centration of IAA (0.051 mg/g) when compared with its
content when grown on BG11, medium (0.003 mg/g).
However, algae cultivated in 50% TSW recorded the
highest concentration of BA (0.044 mg/g) when com-
pared with those recorded on using BG11l, medium
(0.013 mg/g).

The analysis of various extracts of N. muscorum
showed that, IAA content was elevated in alga cultivated
in TSW (50, 75 and 100%), BG11, combination over that
of control. The amount of BA was improved in 100%, 50%
TSW, BG11, combination media and declined in 75%
TSW. However, the highest concentration of IAA and BA
was recorded in 100%TSW when compared with BG11,
medium.

These results showed that the abiotic stress performed
by the investigated algae with treated wastewater (rich
in macro and micro nutrients as seen in Table 1, could
stimulate algal cells to induce various secondary metab-
olites as self-defense. These obtained results were in
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accordance with those recorded by Rodriguez-Meizoso
et al. [28] who mentioned that when Microalgae face
stress and/or extreme natural environmental conditions,
they rapidly acclimatize themselves to the new conditions
for survival. In this process, they induce new biologically
active secondary metabolites which are not synthesized
under normal unstressed conditions.

Tomato experiment

This invitro experiment tested the influence of different
auxin (IAA) and cytokinin (BA) concentrations (sepa-
rately and in combination), in addition to the tested algal
optimum conc of these hormones and its crude extracts
obtained from cultures grown on various tested media
(synthetic and cheap media). MS and DMSO media was
used as controls. The impact was focused on the mor-
phological parameters (shoot length, leaves numbers,
leaf expansion, roots initiation and branching) of tomato
plantlets.

Table 6 and Fig. 2 revealed that A. oryzae which showed
that, IAA at conc. 1.8 ppm stimulated the greatest shoot
length (6.850+£1.588) compared to MS and DMSO
media, other IAA conc. (0.5 and 2.5 ppm) and IAA + BA
conc. This unbranched shoot possessed high leaves num-
ber (3.583 +0.515) and greatest root initiation. High IAA
conc. (2.5 ppm) was highly effective on leaves number
and shoot length than the lower IAA conc. (0.5 ppm).

Table 6 The effect of Anabaena oryzae crude extracts (Grown on BG11, and 100% TSW) with optimum conc. of acetic acid (IAA) and
Benzyl adenine (BA) (obtained from dose response curve) on Tomato plant

Parameter Shoot Length (cm) Leaves, numbers Root initiation Branching Leaf expansion

Control (MS medium) 5217404695 3.50040674° +4++ - -

DMSO 508340925 341740669 +++ - -

IAA (0.5 ppm) 48504 0.454°% 3.083 4 0.900% +++ - -
+++

IAA (1.8 ppm) 6.8504 1.588° 3.58340515° + 4+ - -
+++

IAA (2.5 ppm) 6008407342 37504045272 +++ - -

BA (10 ppm) 453340624 283340577 ¢ + - +

BA (25 ppm) 4442 +£0516°¢ 3.5004 0674 + ++ +

BA (50 ppm) 4425 +0636°<4 3.3334+0651%° - + 4+ +++

IAA4-BA (0.5+10) ppm 400840478¢ 3.167+£0577%° +++ - -

IAA+BA (1.8+25) ppm 453340414 9¢ 3.66740492° + 4+ + + -

IAA-BA (2.5+50) ppm 4525403989¢ 250040674° + - -

A. oryzae IAA optim. Conc. (BG-11,) 5.20840.3485 258340515° + 4+ - -

A. oryzae BA optim conc.(BG11) 48833403433° 2500+0.522¢ ++ - -

A. oryzae(100% TSW) IAA optim. conc 57084 1.053 3.750+£0452° +++++ - -

A. oryzae(100%TSW) BA optim. conc 4767 +£0543° 3.083 40669 +++ - -

TSWTreated sewage wastewater (-):Absence (6 +): the highest (5 +):high (4 +):moderate (3 +):low (+):The lowest DMSO: Dimethyl sulfoxide MS: Murashige and Skoog

medium

The values are the mean of three replicates +SD

Values followed by different letters are significantly different (p <0.05)



Elakbawy et al. BMC Plant Biology =~ (2022) 22:377

Page 9 of 14

a:Cont.; b: DMSO ;¢: 0.5 ;d: 1.8 ;e 2.5 ppm IAA

a:Cont.; b: DMSO ;¢: 10 ;d: 25 ;e 50 ppm BA

a:Cont.; b: C.v ;c: A.o ;d: N.m ;e opt.conc. [AA

z;:Cont.; b: DMSO ;¢: C.v ;d: N.m ;¢ A.o (BGlland BG1 1) con.

BA

conc. of BA and IAA (from dose response curve) on tomato plant

Fig 2 Growth of tomato explants by syn. BA, IAA and mixtures of IAA+BA conc. as well as algal extracts (grown on various media) with optimum

Moderate conc. of exogenously applied hormones
(IAA+BA, 1.8425 ppm) enhanced the morphologi-
cal parameters of tomato explants. Similar results were
observed by A. oryzae extract cultivated on BG11, sup-
plied with 0.5 IAA+10 BA ppm. However, higher
IAA+ BA mixture conc. (2.54+50 ppm) expressed lesser
stimulatory effects to all morphylogical parameters.
A. oryzae extracts (cultured on BG11, and 100% TSW
media), has no effect on branching and leaf expansion
but stimulated high root initiation with moderate shoot
length and leaves number compared to control, DMSO,
IAA conc. and IAA+BA concentration. Table 6 and
Fig. 2 revealed that the crude extract of A. oryzae with
optimum conc. of BA expressed moderate shoot length,
leaves number and root initiation.

Table 7 and Fig. 2 presented that, indole acetic
acid (1.8 ppm) exhibited the greatest shoot length
(6.8504+1.588), leaves number (3.583+0.515) and root
initiation compared to control media, other IAA conc.
(0.5 and 2.5 ppm) and the combination TAA +BA con-
centration. N. muscorum extract (grown on BG11; and
100% TSW media) had moderate shoot length and high
leaves number of tomato explant Highest root initia-
tion were recorded by utilizing 100% TSW and moder-
ate was observed by BG11, medium. The crude extract
of N. muscorum supplemented with optimum conc. of
BA (grown on BG11, and 100% TSW) stimulated mod-
erate shoot length (4.89240.470, 4.833+0.597) as well
as low root initiation and leaves number (3.250+0.754,
3.083£0.669), Table 7 and Fig. 2.
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Table 7 The effect of Nostoc muscorum crude extracts (Grown on BG11, and 100% TSW) with optimum conc. of acetic acid (IAA) and
benzyl adenine (BA) (obtained from dose response curve) on Tomato plant

Parameter Shoot Length (cm) Leaves, numbers Root initiation Branching Leaf expansion

Control (MS medium) 521740469 350040674 ° +++ - -

DMSO 508340.925 341740669 ° ++ + - -

IAA (0.5 ppm) 48500454 3.083 4 0.900%° +++ - -
+++

IAA (1.8 ppm) 6.85041.588° 3.58340515° +++ - -
+++

IAA (2.5 ppm) 6.008+0.734°° 3.75040452° ++ + - -

BA (10 ppm) 453340624 283340577 + - -

BA (25 ppm) 444240516 3.50040.674%° + ++ +

BA (50 ppm) 442540636 3.333+0651%° - +++ +++

IAA+BA (0.5410) ppm 4.008+0478 ¢ 3.1674+0.577%° +++ - -

IAA+BA (1.8425) ppm 452540414 9 3.66740492° ++++ - -

IAA+BA (2.5+50) pom 452540398 9¢ 250040674 ° + - -

N. muscorum IAA optim conc.(BG-11,) 5367403505 3333406512 +++ - -

N. muscorum BA optim conc. (BG-11,) +++ - -

N.muscorum (100%TSW) IAA optim. conc 5692 40.392°¢ 3.750+£0.452° + 4+ + - -
+++

N. muscorum(100%TSW) BA Optim. conc + + - -

TSW Treated sewage wastewater (-): Absence (6 +): the highest (5+):high (4 +):moderate (3 +):low (+):The lowest DMSO: Dimethyl sulfoxide MS: Murashige and

Skoog medium

The values are the mean of three replicates +SD

Values followed by different letters are significantly different (p <0.05)

Table 8 The effect of Chlorella vulgaris crude extracts (Grown on BG11 and 100% TSW) with optimum conc. of acetic acid (IAA) and
benzyl adenine (BA) (obtained from dose response curve) on Tomato plant

Parameter Shoot Length (cm) Leaves, numbers Root initiation Branching Leaf expansion

Control (MS medium) 5217 £0469°4 350040674 °° +++ - -

DMSO 508340925 <4 3417 £0.669%° +++ - -

IAA (0.5 ppm) 485040454 3.08340.900% +++ - -
+++

IAA (1.8 ppm) 6.85041.588° 3.58340.515% +++ - -
+++

IAA (2.5 ppm) 6.00840.734 %° 3.7504+045222 +++ - -

BA (10 ppm) 453340624°%¢ 2.833+0.577°¢ + - +

BA (25 ppm) 4442405169¢ 3500 0.674°¢ + ++ +

BA (50 ppm) 44254 0.636% 3.333406512P°¢ - +++ +++

IAA+BA (0.54 10) ppm 4008+0478° 3.167 +£0.5772¢ +++ - -

IAA4BA (1.84-25) ppm 45334+0414% 3.667 40.492°° +++ + -

IAA+BA (2.5+50) ppm 4525+03989% 2.50040.674° + - -

C. vulgaris 1AA optim. conc.(BG-11) 565040.678°¢ 2.91740.996 +++ - -
+++

C. vulgaris BA optim. conc. (BG-11) 4.80840.543°< 3.00040.6035 ++++ - -

C. vulgaris(100%TSW) IAA optim. conc 5.050+0.585 cd 3.750 £ 0.965%° +++++ - -

C. vulgaris (100%TSW) BA optim. conc 5.5750+0.3306° 291740515¢ + + - -

TSW treated sewage wastewater (-): Absence (6 +): the highest (5 +):high (4 +):moderate (3 +):low (+):The lowest DMSO Dimethyl sulfoxide, MS Murashige and Skoog

medium

The values are the mean of three replicates +SD

Values followed by different letters are significantly different (p < 0.05)
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The results of C. vulgaris as shown in Table 8 and Fig. 2
revealed that 1.8 ppm indole acetic acid (IAA) reported
the formation of greatest shoot length (6.850+1.588,
6.817+£0.746) compared to other treatments. The
shoot possessed high leaves number (3.583+0.515,
3.833+£0.389) and greatest root initiation. However,
moderate shoot length (5.050+0.585), leaves number
(3.75040.965) and high root initiation were obtained by
100% TSW. Both lower IAA conc. (0.5 ppm) and higher
conc. (2.5 ppm) have less influence on shoot length and
leaves number than other treatments. All morphological
parameters of tomato explants were stimulated by mod-
erate IJAA+BA combination, (1.8+2.5 ppm). Similar
results were observed by C. vulgaris extract when culti-
vated on BG11 supplied with 0.5 TAA+10 BA ppm. In
addition, moderate shoot length, leaves number and root
initiation were reported by applying the crude extract of
C. vulgaris grown on 100% TSW, Table 8 and Fig. 2.

Soybean experiment

Table 9 and Fig. 3 showed the application of cytokinin
(BA) bioassay experiment using different concentrations.
as well as the effect of crude extracts of the cyanobacte-
rial species A. oryzae and N. muscorum grown on BG11,
and 100% TSW media and the green alga Chlorella vul-
garis which was grown on BG11 and 100 TSW % on fresh
weight of soybean callus. Basal MS medium represent the
control.

The callus weight in control plant was highly
decreased (-0.093 g) while the addition of BA in dif-
ferent concentrations. (10, 25 and 50 ppm) induced
significant increase in callus weight which reached its
maximum at BA concentration 25 ppm (2.8397 g).The
obtained results concerning soybean fresh weight,
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revealed that A. oryzae and N. muscorum extracts
(contained BA) after growth on BG11; medium (con-
tained 10-25 ppm BA) induced 1.5-fold increase in
callus fresh weight, while when growth on 100% TSW
medium (contained >10 ppm BA) was showed to be
less effective in fresh weight increment. Concern-
ing, C. vulgaris the results showed that, its extract
(contained BA) after growth on BG11 (contained
10-25 ppm BA) induced a moderate effect, but when
growth on 100% TSW medium (contained >10 ppm
BA) it was showed to be less effective in fresh weight
increment.

The analysis of aqueous commercial seaweed filtrate,
micro-algal or cyanobacterial extracts in many pub-
lished researches revealed that, they contained not only
different plant growth hormones (auxins, cytokinin’s,
and gibberellins), but also polyamines, betaine, brasi-
nosteroids, in addition to micro-, macronutrients and
vitamins to which attributed the growth improvement
[29-32]. So, they were termed bio-fertilizers or bio-
stimulants and widely used as nontoxic, biodegrad-
able and cheap fertilizers to replace the toxic expensive
chemical ones [5, 33].

Plant growth regulators are universally used for
enhancing growth and development of many economic
crops and vegetables [9, 11, 31, 32, 34]. They are natu-
rally occurring organic compounds which influence
the physiological processes that control cell division,
embryogenesis, as well as the sequential growth and
differentiation processes that are involved in the course
of plant reproduction [31, 35, 36]. The endogenously
produced plant hormones (especially IAA) in algal
and cyanobacterial filtrates or extracts were correlated
with root promotion, cell elongation, division, tissue

Table 9 Effect of crude extracts of algal species on soybean callus fresh weight (as gm)

Samples Conc Initial weight (gm) Final weight (after 28 days) (gm) Net callus
Callus Wt weight
(gm)
Control (MS medium) 1.92504+0.115 1.8320+0.104 -0.0930
BA 10 ppm 1.657+£0.197 2.8213£0.165 1.164
BA 25 ppm 2.0600+0.073 48997 £0.079 2.840
BA 50 ppm 1.259040.088 3.0413£0.021 1.782
A. oryzae ext. (BG-110) 1.7637+0.170 3.93574+0.049 2172
A. oryzae ext. (100% TSW) 2.604+0.186 3214+£0461 0610
C. vulgaris ext. (BG11) 1.12304+0.023 2.839+£0.601 1.716
C. vulgaris ext. (100% TSW) 2.0093£0.019 2.605+£0473 0.596
N. muscorum ext. (BG-110) 1.6507 £0.053 3.9357£0.049 2.285
N. muscorum ext. (100% TSW) 2.524+0.230 3214+£0461 0.690

The values are means of data from 3 replicates + SD. Values followed by different letters are significantly different (p <0.05)

MS Murashige and Skoog medium, BA Benzyl adenine, TSW Treated sewage wastewater



Elakbawy et al. BMC Plant Biology =~ (2022) 22:377

Page 12 of 14

a:Cont.; b: 10 ;¢: 25 ;d: 50 ppm BA

a:Cont.; b: C.v;c: A.o ;d: N.m (BG11, BG110

a:Cont.; b: DMSO ;c: A.o ;d: C.v ;e N.m (100% TSW)

Fig 3 Effect of synthetic BA different concentrations as well as algal crude extracts (grown on BG11 and TSW media) on soybean callus fresh weight
(@)

differentiation and responses to light and gravity [37,
38]. Cytokinin’s are produced by many algae and cyano-
bacteria and play a vital role in regulating growth and
morphogenesis. It induces shoots [39], direct and indi-
rect plant regeneration [40], induce callus irrespective
of explants used [9] as well as plant regeneration from
callus by changing the applied percentage of IAA and
cytokinin (the key hormones).

The obtained results in the application experiment
were in agreement with the results obtained by Suresh
et al, [34] who treated crop plants (zea mays,sorghum
bicolour) with heterocystous cyanobacterial filtrate (0.2—
0.5%) which promoted grain seedling growth. Also, using
similar bio-stimulants [35, 41] reported an amplification
of seed germination percentage and root, shoot length-
ening of the germinated plants. Moreover, micro-algal
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extracts (Chlorella vulgaris, Scenedesmus obliquus, S.
quadricauda and Cladophoropsis gerloffi) improved let-
tuce seedlings quality and quantity [6, 33], sugar beet
early stages of growth [36] and tomato [31, 32, 42]. Mean-
while, seaweed extracts and seaweed commercial filtrates
were widely applied on canola plant by Hashem et al,, [5],
where it improved growth, yield and alleviated the harm-
ful effect of salinity stress. It was also applied to Ocimum
santicum [43] to Brassica chinensis [8], to water stressed
tomato [32] and to crop plants [30]. The stimulatory effect
of seaweed filtrates and microalgal extracts were proved
to be due to the presence of many growth regulators as
auxins, cytokinins, gibberellin, polyamines and betaine
in addition to different macro-and micro-nutrients as
reported by many investigators [44—49].

Conclusion

We have successfully detected and determined auxins and
cytokinin (IAA and BA) which were endogenous produced
phytohormones by cyanobacteria (A. oryzae and N. mus-
corum) and Chlrophyta (C. vulgaris) species. The extracts
of algae grown on different conc. of treated wastewater
combined with BG11 or BG11, media showed a significant
effect on morphological parameters of tomato plantlets
(shoot length, branching, leaves number, and root initia-
tion) and fresh weight of soybean callus bioassays. Algal
and cyanobacteria extracts contained hormones, vitamins,
enzymes, many micro and macro nutrients which may be
used as biostimulants (or biofertilizers) for different plant
growth and development.

Authors’ contributions

Conceptualization: EAS and SMS Data curation; EAS, WME and SMS Formal
analysis; Funding acquisition; SMS, WME and EAS Investigation; EAS, WME
and SMS Methodology; EAS, WME and SMS Project administration; SMS and
EAS Resources; EAS and SMS Software; WME Supervision; SMS and EMS Vali-
dation; EAS and SMS Writing - original draft; SMS and EAS Writing - review and
editing EAS and SMS Please add at the end: All authors read and approved
the final manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Availability of data and materials

The data used and analyzed in this study are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 13 of 14

Author details

'Department of Botany and Microbiology, Faculty of Science, Cairo University,
Giza 12613, Egypt. “Biochemistry Department, Faculty of Agriculture, Cairo
University, Giza 12613, Egypt.

Received: 12 February 2022 Accepted: 14 July 2022
Published online: 29 July 2022

References

1. Phasey J, Vandammec D, Fallowfield HJ. Harvesting of algae in municipal
wastewater treatment by calcium phosphate precipitation mediated by
photosynthesis, sodium hydroxide and lime. Algal Res. 2017;27:115-20.

2. Singh G, Singh S, Singh J. Optimization of Energy Inputs for Wheat Crop
in Punjab. Energy Convers Manage. 2004;45:453-65.

3. Sumaira M, Hasnain SH. Screening of native plant growth promoting
cyanobacteria and their impact on Triticum aestivum Var Vgab 2000. Afr
Agr Res. 2011;6(17):3988-93.

4. Khan W, Rayirat VP, Subramanian S, Jithesh MN, Rayorath P, Hodges DM,
et al. Seaweed extracts as biostimulants of plant growth and develop-
ment. J Plant Growth Regul. 2009;28:386-99.

5. Hashem HA, Masour HA, El-Khawas SA, Hassanein RA. The potential-
ity of marin macro-algae as bio- fertilizer to improve the productivity
and salt stress tolerance of canola (Brassica napus L.) plants. Agronomy.
2019,9(146):1-17.

6. Puglisi|, La Bella E, Rovetto El, Lo piero AR, Baglier A. Biostimulant effect
and Biochemical response in Lettuce seedlings treated with Scenedes-
mus quadricauda extract. Plants. 2020;9(123):1-13.

7. Vanil R, Hag AU, Agnihotri RK. Plant growth regulators as effective tool for
germination and seedling growth for Bambusa arundinacea. Res.J. Agric
Sci. 2010;1:233-6.

8. Zheng S, Jiang J, He M, Zou S, Wang Ch. Effect of kelp waste extracts on
the growth and development of Pakchoi (Brassica chinensis L.). Sci Rep.
2016;6:38683.

9. Nazs, Siddiqui MF, Raza S. Effect of different growth regulators on in vitro
propagation of Brassica napus L. Pak J Bot. 2018;50(5):1871-6.

10. Shariatmadari Z, Riah H, Hashtroudi MS, And GAR, Aghashariatmadary Z.
Plant growth promoting cyanobacteria and their distribution in terrestrial
habitats of Iran. Siol Sci Plant Nutr. 2013;59:535-47.

11. Kumar M, Agnihotri RK, Vanil R, Sharma R. Effect of phytohormones on
seed germination and seedling growth on coriandrum sativum L. Paki-
stan J Biol Sci. 2014;17(4):594-6.

12. Sresh A, Soundararajan S, Elavarasi S, Lewis OF, Thajuddin N. Evaluation
and characterization of the plant growth promoting pottentials of two
heterocystous cyanobacteria for improving food grairs growth. Biocatal
Agric Biotechnol. 2019;17:647-52.

13. Alvarez |, Tomaro ML, Benavides MP. Changes in polyamines, proline and
ethylene in sunflower calluses treated with NaCl. Plant Cell Tiss Org Cult.
2003;74:51-9.

14. Twaij BM, Jazar ZH, Hasan MN (2020): Trends in the use of tissue culture,
applications and future aspects. International Journal of plant biology
11(1) https://doi.org/10.4081/pb.2020.8385

15. Rippka R, Deruelles J, John J, Waterbury B, Herdman M, ROGER Y. Generic
Assignments, Strain Histories and Properties of Pure Cultures of Cyano-
bacteria. J General MicrobioZogy. 1979;111:1-61.

16. Stanier RY, Kunisawa R, Mandel M, Cohen-Bazire G. Purification and prop-
erties of unicellular blue-green algae (Order Chroococcales). Bacteriol Rev
media recipes. 1971;35:171-205.

17. APHA. Standard Methods for the Examination of Water and Wastewater.
19th ed. Washington DC: American Public Health Association; 1998. ISBN:
0-8-553060-5.

18. Wang L, Min M, LiY, Chen P, Chen Y, Liu Y, Wang Y, Ruan R. Cultivation of
green algae Chlorella sp. in different wastewaters from municipal waste-
water treatment plant. Appl Biochem Biotechnol. 2010;162(4):1174-86.

19. Elakbawy WM, Shanab SM, Shalaby EA, Hafez RM. Plant growth regulators
from microalgae biomass and their impact on the genetic fidelity of
canola and tomato plantlets. Biomass Conversion and Biorefinery. 2021.
https://doi.org/10.1007/513399-021-02097-2.


https://doi.org/10.4081/pb.2020.8385
https://doi.org/10.1007/s13399-021-02097-2

Elakbawy et al. BMC Plant Biology =~ (2022) 22:377

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Nitsh JP, Nitsh C. Studies on the growth of coleoptile and first internode
sections. A new, sensitive, straight-growth test for auxins. Plant Physiol.
1956;31:94-111.

Letham DS. Regulators of cell division in plant tissues patterns in plant
evolution. Plant Growth Regul. 1971,23:17.

Miller CO. Evidence for the natural occurrence of zeatin and derivatives
compounds from maize which promote cell division. Pro Nalt Acad Sci
USA. 1965;54:1052-8.

Lifshitz R, Joseph W, Kloepper MK, Simonson C, Carlson J, Elizabeth M,
Tipping 1Z. Growth promotion of canola (rapeseed) seedlings by a strain
of Pseudomonas putida under gnotobiotic conditions. Can J Microbiol.
1987,33(5):390-5.

Murashige T, Skoog F. A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physiol Plant. 1962;15:473-97.

Snedecor G, Cochran W. Statistical methods. lowa: lowa state University
Press; 1982.p.511.

Shalaby EA, Atta MB, Sleem IA, Mohamed MA, El-Shemy HA. "Cyto-
toxicity, antioxidant and antiviral aotential of aqueous extract from
Nostoc muscorum cultivated in various inexpensive media. Waste Biom
Valoriz. 2018;8:1-13.

Andreae WA, Van Ysseltein MW. Studies on 3-indoleacetic acid metabo-
lism. VI 3-Indoleacetic acid uptake and metabolism by pea roota and
epicotyls. Plant Physiol. 1960;35:225-32.

Rodriguez-Meizoso I, Jaime L, Santoyo S, Sefiordns FJ, Cifuentes A, Ibanez
E. Subcritical water extraction and characterization of bioactive com-
pounds from Haematococcus pluvialis microalga. J Pharm Biomed Anal.
2010;51(2):456-63. https://doi.org/10.1016/}.jpba.2009.03.014.

Anisimov MM, Skriptsova AV, Chaikina EL, Khykov AG. Effect of water
extracts of seaweeds on the growth of seedling roots of Duck wheat
(Fagopyrum esculentum Moech). lIRRAS. 2013;16(2):282-87.

Chitra G, Sreeja PS. Acomparative study on the effect of seaweed liquid
fertilizers on the growth and yield of Vinga radiate( L) No commercial
seaweed products. Plant Growth Reg. 2017;13:21-9.

Elgubbi H, Zrmoh M, Alzarride A, Adam M, El-zaidy M. Enhanced

growth and yield parameters of Tomato (Solanum lycopersicum L.) var.
peto 111 plant using Cladophoropsis gerloffii extract foliar. EC Nutr.
2019;14(1):60-67.

Oancea F, Velea S, Falu V, Mincea C, llie L. Micro-Algae based Biostimulant
and its effect on water stressed Tomato Plants. Romanian Journal of plant
protective. 2013,6:104-17.

Kopta T, Pavlikova M, Sekara A, Pokluda R, Marsalek B. Effect of bacterial
—algal biostimulant on the yield and internal quality of lettuce (Lactuca
sativa L.) produced for spring and summer crop. Not Bot Horti Agrobot.
2018;46:615-21.

Suresh A, Soundararajan S, Elavarasi S, Lewis Oscar F, Thajuddin N. Evalu-
ation and characterization of the plant growth promoting potentials

of two heterocystous cyanobacteria for improving food grains growth.
Biocatalysis and Agricultural. 2019;17:647-52.

Anwar W, Aziz T, Naveed F, Sahi ST. Short communication foliar applied
2,4 dichlorophenoxy acetic acid improved Tomato growth and yield. Soil
Environ. 2010;29:77-81.

Barone V, Baglieri A, Stevanato P, Broccanello C, Bertolodo G, Betaggia
M, et al. Root morphological and molecular responses induced by
microalgae extracts in sugar beet (Beta vulgaris L.). J Appl Phycol.
2018;30:1061-71.

Boopathi T, Balamurugan V, Gopinath S, Sundaracaman M. Characteriza-
tion of IAA production by the mangrove cyanobacterium Phormidium
sp.M1405019 and its influence on tobacco seed germination and organo-
genesis. J Plant Growth Regul. 2013;32:758-66.

Hussain HI, Kasinadhuni N, Arioli T. The effect of seaweed extract on
tomato plant growth, productivity and soil. J Appl Phycol. 2021. https://
doi.org/10.1007/510811-021-02387-2.

Leopold AC. Contemplation on hormones as biological requlators. In:
Hoad GV, Lenton JR, Jackson MB, Atkins RK, editors. Hormone action in
plant development action. Butterworths, London, Bosen Durban, Singa-
pore, Sydney, Atoronto, Wellington: Acritical appraisal; 1987. p. 3-15.
Burbulis N, Blinstrubiene A, Kupriene R, Jaytiene V, Rugienins R, Staniene
G. In vitro regeneration of Brassica napus L. shoots from hypocotyls and
stem segments. Zemdirbyste-Agriculture. 2009;96(3):176-85.

Page 14 of 14

41. Gayathri M, Shunmugam S, Thajuddin N, muralitharan G. Phytohormones
and free volatile fatty acids from cyanobacterial biomass wet extract
(BWE) elicit plant growth promoting. Algal Res. 2017,26:56-64.

42. BaroneV, Puglisi |, Fragala F, Lo Prero AR, Geirffaida F, Baglieri A. Anovel
bioprocess for the cultivation of microalgae in hydroponic growing
system of Tomato plants. J Appl Phycol. 2019;31:465-70.

43. UthirapandiV, Suriya S, Bamibalagan P, Eswaran S, Ramya SS, Vijayanand
and Kathiresan D. Biofertilizer potential of seaweed liquid extracts of
marine macroalgae on growth and biochemical parameters of Ocimum
sanctum. J Pharmacognosy Phytochem. 2018;7(3):3528-32.

44. Craft CA, Hiltz DA. Hankins SD, Mackinnon SL. Detection of plant growth
hormones in Ascophyllum nodosum and seaweed products. MANAPRO
7, proceedings of the 12th International symposium on marine natural
products in queen stown new Zealand, oral-poster Abstract, Po74-OR.
2007.

45. Stirk WA, Novak O, Strand M, Van staden J. Cytokinins in macroalgae. Plant
Growth Regul. 2003;41:13-24.

46. Stirk WA, 6rddg V, Novak O, Rolcik j, Strnad M, Patimt B, Staden J.

Auxin and cytokinin relationships in 24 microalgal strains. J Phycology.
2013;49:459-67.

47. Papenfus HB, Stirk WA, Finnie JF, Van staden J. Seasonal variation in the
polyamines of Ecklonia maxima. Botanica Marina. 2012;55:539-54.

48. Mackinnon SA, Craft CA, Hilg D, Ugarte R. Improved methods of analysis
for betains in Ascophyllum nodosum and its commercial seaweed
extracts. J Appl Phycol. 2010;22:489-94.

49. Elakbawy WM, Shanab SM, Shalaby EA. Biological activities and plant
growth regulators producing from some microalgae biomass cultivated
in different wastewater concentrations. Biomass Conversion and Biorefin-
ery. 2021. https://doi.org/10.1007/513399-021-01610-x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.jpba.2009.03.014
https://doi.org/10.1007/s10811-021-02387-2
https://doi.org/10.1007/s10811-021-02387-2
https://doi.org/10.1007/s13399-021-01610-x

	Enhancement of plant growth regulators production from microalgae cultivated in treated sewage wastewater (TSW)
	Abstract 
	Introduction
	Materials and methods
	Algal samples
	Algal species and culture conditions

	Wastewater sources
	Wastewater analysis
	Treatment of sewage wastewater
	PGRs Extraction
	Experimental research and field studies on plants
	Response of the wheat coleoptile section elongation to auxins
	Cucumber cotyledon fresh weight for cytokinin’s bioassay
	HPLC conditions
	Application experiments
	Soybean callus and Tomato plantlets for Benzyl adenine (BA) and Indol aceticacid (IAA) detection
	Seed sterilization
	Seed’s germination
	Seedling of soybean
	Soybean callus induction

	Experiment on soybean callus
	Seedling of tomato
	Experiment of tomato seedlings
	Statistical Analysis

	Results and discussion
	Growth rate with different treatments
	Dose response curve of IAA
	Dose response curve of BA
	HPLC analysis results
	Tomato experiment
	Soybean experiment

	Conclusion
	References


