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Abstract. In the present study, two regulatory phytohormones, abscisic acid and auxin, were extracted from two different
macroalgae, Sargassum muticum and Gracilaria corticata, for the first time. Sampling was performed each month with three
replicates, from Bushehr Province shores located in the north region of Persian Gulf for six aternative months. The ateration of
seaweeds biomass and the probable impacts of some environmentd factors were measured. The extracted phytohormones were
isolated employing HPLC method and identified by injection of standards. The highest amount of ABA phytohormone in the two
species, occurred in November. Also, the highest amount of Auxin in Sargassum muticum was reported in May, while the
highest amount of this hormone in Gracilaria corticata was observed in January. In January, the maximum mean biomass in
Sargassum muticum was 679gr/m?, while the minimum mean of 20.66gr/m? was observed in September. Moreover, the highest
average biomassin Gracilaria corticata was 423/33gr/m? in March and the lowest mean of 158g/n? was reported in November.
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ANOVA and Chi-squared test results showed a significant difference in all samples. These phytohormones could be

applied in preparing algae liquid fertilizer in future studies.

Key words. algal biomass, abscisic acid, auxin, hormone extraction, macroal gae

Introduction

Seaweed extracts are organic and natura plant
growth stimulants that could be considerably
applied in constant and organic crop production (du
Jardin, 2015; Mahmoud et al., 2019). They are
widely recognised as compounds that aleviate
abiotic stress and increase plant productivity (Prieto
et a., 2011; Stirk et a., 2013, 2014). Therefore,
phytohormones are regarded as signaling molecules
for regulating the physiologica functions of plants.
The small number of hormones control
developmental processes and stress responses
(Dobrev et d., 2005; Mori et al., 2017). The
seaweed extracts are now available in liquid and
powder forms, mainly brown agae as herbd
stimulants, and are used as a mixture with soil or
spray. These growth regulators can produce
physiological responses in small amounts (Stirk et
al., 2003). Regarding the existence of higher natural
phytohormones and nutrient contents in Phaeophyta
extractsin contrast with other types of marine agae,
they are considered natural plant growth stimulants
or bio-fertilizers that could play an important rolein
organic and modern agriculture (Hong et d., 2007
Craigie, 2011; Hernandez-Herrera et d., 2014;
Mahmoud et a., 2019). The genus Sargassum C.
Agardh (Sargassaceae) represents the most complex
and speciesrich  brown marine macroagae
morphologically that is distributed in tropical and
inter-tropical regions worldwide (Mattio & Payri,
2011). Some species of Sargassum are regarded as
the most economicaly significant algae, especialy
in Asia that could be used for various purposes
including nutritional, cosmetic, liquid fertilizer
preparation and medicine (Hong et al., 2007).
Gracilaria Grev. (Grecilariaceae), belonging to
Rhodophyta, could be found in tropical to cool
temperate coasts. In addition to its undeniable
importance for nutritiona and pharmaceutical
purposes, it is considered a great source of agar
(Winchester, 1969; Barsanti & Gualtieri, 2006; lyer
et a., 2004). These two mentioned above genera are
among the most abundant seaweeds distributed in
the northern shores of the Persian Gulf (S Iran).
Due to the high density of the brown and red
seaweeds in the coastline of the Persian Gulf, there
is a potential to extract plant growth regulators to
increase the growth of manufacturing products from
macroalgae. Therefore, the main goa of the present
study was to compare the amounts of extracted
auxin and abscisic acid as two opposite regulatory

phytohormones from two different macroalgae,
Gracilaria cordicata and Sargassum muticum, in six
aternative months of the year in order to achieve the
highest level of hormones.

Materials and Methods
Seaweeds collection and preparation

Sargassum muticum and Gracilaria corticata were
collected from the northern shores of Persian Gulf
(zone 39 of UTM in Bushehr coastd ared) (a
longitude of 50° 48" 53" and latitude of 28" 54 °
41" ). Samples were collected from January 2015 to
November 2016 between the full tide of water in the
area and the intertidal zone of Bushehr seashore. A
hypothetical line perpendicular to the shore was
considered for sampling. The seaweeds were
recognized by their morphological properties
applying botanical and the online algal electronic
database (https.//adgaebase.org) (Sohrabipour &
Rabii, 1999; Jha et a., 2009). The biomass of
macroalgae was evaluated using 50 x 50 cm?
random quadrats. Three replications were prepared
for each sample. Some environmental factors
including water temperature, salinity, oxygen levels,
and water pH were measured and recorded at the
sampling site employing thermometers, portable
salinity gauges, oximeters, and pH determinants
(APHA, 2005). After washing the samples with
distilled water and separating epiphones and
epiphytes in sterile and acid-washed containers, the
two macroalgae were transferred to Razi Laboratory
Complex (Tehran) for extraction of phytohormones.
The weight of the macroalgae at the sampling site
was measured and recorded using a digita scale
with an accuracy of three decimal digits.
Extraction protocol

For extraction, 10 gr of Iyophilized seaweed
samples were mixed with 60 mL of the solution
including Methanol-Chloroform-Ammonium
hydroxide (2N). The homogenization was
performed to dissolve the phytohormones well in
zero centigrade temperature, overnight. The
homogenized mixture was then filtered using
Whatman No.1 mesh, and the resulting extract was
transferred into a decanter. Water was added twice
and then, distilled and dtirred vigoroudly. The
chloroform as a supernatant was discarded, and the
Water-Methanol phase was kept. The lower phase
was collected and evaporated using arotary until the
evaporation of the remaning chloroform and
methanol, and their volume reached to 35 mL. The
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pH of the aqueous phase was increased to 2.5
employing HCI (IN) and then transferred into a
decanter with appropriate volume. 15 mL of ethyl
acetate was added to the decanter. The supernatant
was separated and collected in another container.
The stage of adding ethyl acetate was repeated twice
more, and al three supernatant phases were
collected in one container. This solution was
including indole-3-acetic acid (IAA) and free
Abscisic Acid (ABA).

Phytohormone analysis

The samples passed through a 45%
polytetrafluoroethylene (PTFE) filter, and then
injected into the HPLC column. The solution
compounds obtained by HPL C were separated using
a Cig column, UV detector with 0.7 mL/min flow
rate, 0.2% Acetic acid solvent, and 95% of
Methanol at 40° C.

The datistical anaysis of variance (one-way
ANOVA) and Chi-sguare test were used as a first-
order autoregression. The correlation structure of
different months (six months) in the mentioned
model and the correlation of the desired variables
with the response variable were evauated and
reported. The SPSS (ver. 21.0) software was used
for the statistical analyses.

Results
Environmental factors

The mean results of various environmentd factors
including temperature, salinity, dissolved oxygen
and pH levels are represented in Table 1, Fig. 1. The
results demonstrated that, there is a direct
correlation between the mean water temperature and
salinity amount as well as salinity quantity and pH
level from January 2015 to November 2016 (Fig. 1).
However, this proportion was not significant
between dissolved oxygen and pH levels.

The results of the mean temperature in coastal
regions of Bushehr province are shown in Fig. 1. In
July 2016, the mean temperature was at its highest
level (38.0 £ 2.11). Meanwhile, in two monthsi.e.,
January and March, it experienced its lowest
average. However, the temperature was remained
amost steady during the spring and fall. Chi-square
test and ANOVA results showed a significant
difference between the studied months (P <0.05; n =
6). The mean salinity quantity reached a peak of
48.33 ppt in July, while in September hit its lowest
point (40.33 ppt) (Fig. 1, Table 1). The average of
six months salinity level was 44.44 + 0/77 ppt. One-
way ANOVA, and Chi-square test showed
significant differences within months (P <0.05; n =
6). Also, the pH average reached a maximum level
of 7.91 £ 1.43 in July and bottom out to 7.12 + 0.24
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in January. The pH level saw a minimal fluctuation
(Fig. 1, Table 1).

The highest amount of water-soluble oxygen was
observed in September (2.80 £ 0.35). Meanwhile,
the lowest level occurred in January (2.16 + 0.09).
There was a minima fluctuation in dissolved
oxygen amounts during the six aternative months.
Biomass amount

The biomass amount for two different macroalgae
i.e, Sargassum muticum (brown agae) and
Gracilaria corticata (red agae) at the Bushehr
Province station is shown in Fig. 2. The highest
mean biomass amount for Sargassum muticum (679
gr/m?) was observed in January 2015. However, the
lowest mean (20.66 gr/m?) was obtained in
September 2016 during one year of sampling. The
biomass level was dramatically decreased between
January and September. However, in November, it
experienced a considerable rise. There was a
significant difference between Sargassum muticum
biomass amounts during the six aternative months
(P <0.05). Also, the biomass’s highest and lowest
mean levels in Gracilaria corticata occurred in
March (423.33 g/m?® and November (158 g/m?)
respectively. The difference was also significant (P
<0.05). The minimum and maximum biomass levels
during six dternative months were alocated to
Sargassum muticum (Fig. 2). In genera, during
winter, the amount of algal biomass in two species
was increased significantly.

Auxin and Abscisic acid phytohormones in
Sargassum muticum

The highest rate of abscisic acid (ABA) hormone
in Sargassum muticum species was recorded in
November (20.667%) (equivalent to 2.667% of 1gr
of Sargassum). However, there was no trace of this
hormone in May and July (Fig. 3). On the other
hand, the auxin (IAA) amount extracted from
Sargassum muticum in May was at its highest level
(14.113%). Though, in January and March there was
no trace of this hormone. Overall, the maximum
level of extracted abscisic acid was much higher
than that recorded for auxin during six months of
sampling. Chi-squared parent test and one-way
ANOVA results showed a significant difference (P
<0.05; n = 6).

Auxin and abscisic acid phytohormones in
Gracilaria corticata

The highest percentage of abscisic acid extracted
from 10 grams of Gracilaria corticata was observed
in November 2016 (60.667%). Its amount was
gradually increased from July to November.
Meanwhile, there was no trace of this hormone in
the other three months (Fig. 4). The highest level of
auxin was reported in January 2015 (18.513%).
Nevertheless, the presense of this hormone was only
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confirmed in two months of sampling. Chi-squared
parent test and oneway ANOVA showed a
significant difference between the six- month
sampling period over two years (P <0.05, n = 6).

Discussion

In the present study, the main objective was to
isolate two regulatory phytohormones as organic
compounds from two different macroagae
(Gracilaria corticata and Sargassum muticum) for
the first time, to determine the phytohormones
quantity in the two mentioned above macroagae
during six dternative months. The growth of
macroalgae is completely reliant on some
environmental factors  including  nutrients
bioavailability, photosynthetic quantum yield, and
irradiance (Hwang et a., 2007), temperature,
salinity (Hanissk & Samuel, 1987), and wave
exposures (Andrew & Vigjo, 1998; Engelen et a.,
2005). Since, the macroalgal biomass could be
applied as a raw material for the production of
value-added products, pharmaceutical and cosmetic
purposes, fertilizers, plant growth biostimulants, and
toxic metal ions sorbents from wastewater
(Michalak & Messyasz, 2021), its dteration was
measured during six months of sampling in both
mentioned red and brown agae. The results
demonstrated that, the amount of biomass products
is closely related to the environmental conditions
and seasona changes (Van den Hoek et a., 1995;
Higgins et d., 2005; Pikosz et d., 2017; Michaak &
Messyasz, 2021). Some other factors, such as the
type of macroalgae species, type of cultivation, and
time of the year could affect biomass amounts.
Pedersen et al. (2005) was previoudly reported that,
Sargassum muticum has highly variable biomass
amounts among seasons in contrast with its
taxonomically close species, i.e., Halidrys siliquosa.
This biomass variability is related to its more
‘ephemeral’ characteristics. According to Nejatkhah
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Manavi et a. (2010) studies, the maximum growth
level of sargassum occurs in cold temperature. Due
to the brown aga resistance to undesirable
conditions, their biomass amounts are more than
other types of algae. In the present study, the
biomass amount was at its highest level during
(January and March, 28 C’) for both mentioned
algae whereas, there was a significant decline in
biomass level during summer (July and September),
that could be related to the temperature as well as
low level of nutrients (Orduna-Rojas et al., 2002;
Michadak & Messyasz, 2021). Also, the biomass
level in Sargassum muticum was higher than
Gracillaria corticata from November to March,
which is conform to the previous study (Nejatkhah
Manavi et d., 2010). The results of the recent
investigations in Austrdia demonstrated that,
Sargassum bhiomass increases during winter and
early spring, and stabilizes during late spring and
early summer, before decreasing during late summer
and early autumn, which is completely in line with
the results of the present study (Hoang et al., 2016).
Moreover, seasonal changes in the physicochemical
parameters of seawater, undoubtedly effects on
aterations in this dgal canopy structure (Ang & De
Wreede, 1992; Arenas & Fernandez, 2000; Rivera &
Scrosati, 2006; Ateweberhan et al., 2009). Although
minimal fluctuation was determined for dissolved
oxygen amounts, the subsequent rise and occurance
of the peak in September were unclear. The results
also showed a significant correlation between some
environmental factors such as pH and water
temperature, as well as pH and salinity. There was a
considerable ateration in pH amounts during six
months of the study. The pH was in the range from
712 + 024 in January to 7.91+ 1.43 in July,
completely conforming to the temperature.
Therefore, the temperature is considered the major
driver of seasonality in pH (Takahashi et a., 2014;
Hagens & Middelburg, 2016).

Table 1. The mean results of the environmental factors during six alternative months from January 2015 to November

2016 (+ SE; n=6).

Month Temperature (C’)
January 2015 28.0£0.52
March 2015 28.0+1.11
May 2016 32.0+1.16
July 2016 38.0+2.11
September 2016 35.0+1.84
November 2016 33.0+1.77
Average in 6 months 32.3+1.21
Max 38.0+2.11
Min 28.0£0.52

Salinity (ppt) Dissolved pH
Oxygen
(DO)
44.33+1.01 2.16+0.09 7.12+0.24
47.00£1.22 2.36+0.17 7.50£1.31
44.66+1.35 2.22+0.12 7.51+0.10
48.33+1.22 2.27+0.09 7.91+1.43
40.33+0.89 2.80+0.35 7.16+0.36
42.00+0.97 2.42+0.22 7.48+0.73
44.44+0/77 2.37+0.19 7.45+0.29
48.33+1.22 2.80+0.35 7.91+1.43
40.33+0.89 2.16+0.09 7.12+0.24
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Figure 1. Comparison of some environmenta factors during the six aternative months from January 2015 to November 2016.
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Figure 2. The comparison between the biomass average in Gracilaria corticata and Sargassum muticum (gr/m?) during
six aternative months from January 2015 to November 2016.
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Figure 4. The average percentage of auxin (IAA) and abscisic acid (ABA) extracted from Gracilaria corticata between

January 2015 and November 2016.

The current study was a so designed to compare two
phytohormones in two different algae during six
aternative months. Indole-3-acetic acid (IAA) is
commonly regarded as the most active indole
component biologicaly (Woodward & Bartd,
2005). It has been determined in prolific green
macroalgae, namely Caulerpa paspaloides (Jacobs
et al., 1985), and in the extracts from brown algae
such as Ascophyllum, Fucus distichus, F.
vesiculosus and Dictyota dichotoma (Stirk &

Staden, 1997; Cooke et al., 2002; Sitnik et al., 2003;
Bogaert et a., 2019). Also, the recent study on
phytohormone concents in liquid extracts of three
different Sargassum species showed the presence of
IAA as a common growth hormonein al mentioned
species (Sunarpi et al., 2021). In this study, the
highest level of IAA in Gracilaria corticata (red
algae) was higher than that obtained for Sargassum
muticum (brown agae). However, the highest level
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of IAA in Sargassum muticum occurred in May, and
for Gracilaria corticata was observed in January.

Abscisic acid (ABA) was aso previousy
identified in Ulva lactuca (Tietz et al., 1989),
Ascophyllum nodosum (Boyer & Dougherty, 1988)
and Laminaria species (Schaffelke, 1995).
According to Hirsch et a. (1989) and Tietz et d.
(1989) two macroalgae i.e.,, Dunaliella parva and
Draparnaldia mutabilis, grew in the environment
with salt stress and increased pH, shows the level of
increasing endogenous ABA. The recent studies on
red algae have confirmed the presence of IAA, and
ABA as two opposite regulatory hormones in
Pyropia yezoensis, Pyropia haitanensis, and Bangia
fuscopurpurea thalli (Wang et a., 2014; Mikami et
al., 2016; Mori et al., 2017). In the present study, the
highest level of abscisic acid in Gracilaria corticata
was higher than that obtained for Sargassum
muticum in the same month (November). These
differences might be due to the exposure rate of
Gracilaria corticata to more environmenta
changes. Since ABA is a growth inhibitor and
induces dormancy, IAA acts as a growth stimulant
and increases the length of the yarn (Benkova 2016).
Therefore, it was expected that changing the season
from cold to the warm, causes a considerable
ateration in the IAA level in contrast with ABA
amount. According to Stirk et a. (2009) the
cytokinin, auxin, and abscisic acid amounts in Ulva
and Dictyota algae have changed during a year. In
March and May, auxin was at the highest level in
Ulva and Dictyota, respectively. Also, the ABA
amount was at the highest level in September in
both mentioned agae. The findings aso showed
that, environmental factors such as temperature and
salinity have a limiting effect on alga biomass in
the presence of growth inhibitors (ABA) and growth
stimulants (IAA). Zhu et al. (2022) found that, the
IAA level accompanied by some other growth
regulatory  phytohormones in red algae
Neoporphyra haitanensis, decrease significantly
upon exposing to cold temperature, representing that
algee could adjust to the cold stress by their
regulating phytohormones and dowing down
growth  subsequently. Though, some other
phytohormones related to stress resistance, such as
ABA, were expressively increase a low
temperatures. They investigated that, ABA
overexpression can promote cold tolerance. Due to
their opposite functions, increasing one of the
mentioned hormones give rises to decreasing
another one.

Therefore, due to the exorbitant price of
phytohormones in Iran and regarding the agd
importance as a liquid fertilizer, agriculture and
fisheries, and a so, the presence of many macroalgae
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on the shores of the Persian Gulf, this study could be
considered a valuable source for isolating these
precious hormones from accessible macroalgae in
[ran.
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