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Abstract

This research aims to study the effect of iron
enrichment on the growth of phytoplankton and
nutrients available in some areas of the Syrian coast.
The experiment was conducted during the period
from 3 to 24 April 2018. Samples were collected from
the estuary of the Big Northern River and the marine
area opposite the sports city. Samples then were
transferred to laboratories of the Higher Institute of
Marine Research, where semi of the water that was
sampled from each site was enriched by iron and the
other semi was kept as control samples. Samples were
kept in laboratory conditions, and periodic samples
were taken within 2-3 days with the aim of conducting
measurements of nutrient concentrations and
chlorophyll a. The experiment lasted 21 days.

A small effect of iron enrichment was observed in
both studied sites. Whereas the growth rates of
phytoplankton biomass in control and enrichment
flasks were close. The absence of response of the
phytoplankton for the iron stress in the estuary of the
Northern River can be explained by warmness this
region in iron. But in the sports city area, this can be
attributed to phosphate depletion. The application of
this type of experiment to different areas of the Syrian
coast considers an important point to determine the
role of iron in influence on the primary productivity
in our region.

Keywords - Iron;  Primary  productivity;
phytoplankton growth; Bottle incubation; Nutrient
utilization; Syrian coast.

I. INTRODUCTION

Eutrophic events generally respond to a range of
conditions, such as temperature and light, as well as
the availability of nutrient form [1]. When the
concentrations of nitrate and phosphate are high,
primary production is limited by other controlling
factors. More specifically, productivity is thought to
be controlled by the supply of iron [2]. The biological

availability of iron to microorganisms and their
fundamental mechanisms has far-reaching
implications for many natural systems and diverse
research areas, such as ocean biochemistry, carbon
and climate cycles, harmful algal blooms, soil and
plant research, bioremediation, disease and medicine.
Within the framework of ocean sciences the lack of
supply and limited bioavailability of Fe to
phytoplankton is believed to limit primary production
and reduce carbon dioxide withdrawal in the
atmosphere in vast ocean regions [3]. Of all the trace
metals, iron is particularly prominent in biochemical
catalysis ([4], [5]). It is a major factor controlling the
growth of phytoplankton and inhibits the growth of
phytoplankton in up to 40% of the ocean [6].

Iron is wusually transported to the marine
environment through three routes: river inputs,
atmospheric deposition and seabed processes, such as
interpretation, re-suspension of sediment and
hydrothermal respiration. ([7], [8], [9D).

We must take into account the many cellular
processes in which this micronutrient plays a central
role when studying the effects of iron restriction on
phytoplankton ~ or  adaptation to low iron
environments. The iron element is indispensable for
enzymatic stimulation and electron transfer reactions
according to the flexible oxidation chemistry, and is
therefore closely related to the acquisition, absorption
and use of the underlying resources. Iron limitation
will therefore influence a wide range of metabolic
pathways within phytoplankton, most prominently
photosynthesis [10].

Iron metabolism intersects with a range of
macronutrients, including phosphorous [11], nitrogen
and silica in diatoms [12]. Previous studies on iron
reduction have shown that iron should be treated not
only as a direct limiting factor for phytoplankton
growth, but also as an indirect control of the
biogeochemical cycle of nutrients [13].

It has been recognized that the growth of
phytoplankton in the three major HNLC ‘High
Nutrient Low Chlorophyll’ regions (i.e., subarctic
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Pacific Ocean, equatorial Pacific upwelling and
Antarctic Ocean), is restricted by the low availability
of soluble iron in the photic zone ([14], [15], [16],
[17], [18]). Although these regions have common
features, such as abundant major nutrients, their
temperature regimes are distinctively different [19].

Its significance within aquatics systems came to
the fore with John Martin’s pioneering work in High
Nutrient Low Chlorophyll ocean regions ([20], [21]).
The resulting Iron Hypothesis sparked great interest
in iron as a key limiting nutrient for marine primary
production and as an important factor in the global
carbon cycle [22]. Subsequent studies have shown
that phototrophic microorganisms are Fe limited in
vast regions of the world’s oceans and some fresh
water environments ([23], [24], [25], [26], [27]).

This study is the first in the Syrian coast, which
shows the effect of iron enrichment on the growth of
phytoplankton and its relevance to the nutrients
available in our marine waters, which has not been
studied until now. Iron plays an important role in
controlling the primary productivity because
phytoplankton growth is determined by the

availability of iron in many areas of global waters.
Iron lack hinders the biological use of available
nutrients and also affects the quantitative and
qualitative composition of phytoplankton in those
areas. Therefore, there is an urgent need to conduct
such the present study in the Syrian marine waters in
order to evaluate the role of enrichment of marine
water by iron and its impact on primary productivity
in the coastal waters of Lattakia because it lacks such
studies.

Il. MATERIAL AND METHODS

A. Sampling Regions:

The samples were collected from two different
sites: the marine area opposite the big northern river
and the marine area opposite the sports city. The big
northern river flows south of the Latakia city. Its
waters are flooded with many industrial installations
and communities, while the sea water opposite the
sports city is relatively remote from outside sources.

Figure 1. the estuary of the big north river region (the right one), The sports city region (The left one).

B. Experiment design

The experiment began on April 3, 2018 and
continued for 21 days. Samples of surface water were
collected for the two studied sites on 3 April and were
stored directly in 30 liter polyethylene containers and
transferred to laboratories of the Higher Institute for
Marine Research. Semi of the amount of water
sampled from each site was enriched with iron (10
nM FeCl3 iron dissolved in 0.05 N (HCI) was added
per liter of the sample. The other semi is kept as
control specimens. Water divided and placed in 5 liter
bottles of polycarbonate. The samples were kept in
laboratory conditions (temperature and lighting) and
the water was moved daily in a circular and gentle
manner. Samples were taken with a 2-3 day interval
for measurements of nutrient and chlorophyll a
concentrations.

C. The used analyses methods
The method of Kurhoff [28] was used to
determine the concentration of ammonium carbonate

in seawater, which is based on the interaction of
ammonia with hypochlorite in the alkaline medium to
give chloride monomer, which in turn reacts with
phenol with an excessive amount of hypochlorite
forming blue endophenol which absorb the light at
630 nm wavelength.

The standard method for determining the
dissolved nitrite electrolytes in sea water, according
to Robensen and Benschneider, is based on the

interaction of nitrite with the sulfonyl amide
hydrochloride  forming diazonium, which is
associated with [n-(1-naphthalene)-ethylene

dichloride dichloride]. This interaction leads to the
formation of an azo pigment that absorbs light at 540
nm wavelength [28]. The concentration of nitrate was
determined by following the method of determining
the nitrite itself after returning the nitrate to the nitrite
using a column of copper cadmium [28].

The Riley and Murphy method was used to
determine the concentration of phosphorus inorganic
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oxides based on the interaction of ammonium
molybdates with phosphates in the presence of triple
antimony as an intermediary to  obtain
phosphomolybdate acid. The resulting complex is due
by ascorbic acid to give the blue
phosphomolybdenum which absorbs light at length
Wave 885 nm [28].

To determine the concentration of dissolved
silicate electrolytes in the water, the Corulf method
was used to form silicomolybdic acid when acidic
samples are treated with molybdate solution, which is
due to the blue silicolipid complex by ascorbic acid
and oxalic acid. This complex absorbs light at 810 nm
wavelength [28].

To determine the concentration of chlorophyllic
dyes in water, the Jeffrey and Humphrey method [29]
was used. The samples were filtered on cellulose
filters and then crushed by a vertical mixer.
Chlorophyll a was extracted from samples of in the
dark by acetone 90%. Then the absorption of samples
was measured by a spectrophotometer and the
chlorophyll a concentration was determined using
arithmetic equations [29].

The dissolved iron concentrations  were
determined by the Varian 220 atomic absorption
device, where the water samples (500 ml) were
filtered using filter filters (0.45 pm), then liquid-
liquid extraction was performed using APDC and
chloroform [30]. Water salinity and temperature were
determined using a WTW-Multi 340 i field meter. All
required absorption measurements were performed
using a ZUZI Spectrophotometer (Models 4211/20).

I11. RESULTS AND DISCUSSION

The primary concentrations of nutrients in the
estuary of the big Northern River (K) were 25.101,

3.063, 108.931 and 34.477 umol / L for nitrates,
phosphates, silicates and ammonia, respectively
(Table 1). While the primary concentration of
nutrients in the sports city area (M) was 10.857,
0.330, 5.261 and 3.733 umol / L for nitrate,
phosphate, silicate and ammonia, respectively (Table
1). These values converged with the values recorded
in many previous local studies conducted in these two
regions ([31], [32], [33]).

The station K was characterized by the primary
nutrient concentrations were higher than the station M
because estuaries were directly subject to the impact
of agricultural and human activities and land-based
sources of pollution, leading to higher concentrations
of nitrates and phosphates.

While the station M is relatively far from
pollution sources as many studies recorded ([34],
[35], [33]).

The concentrations of silicates in station K were
also higher due to the richness of the rivers with it
[36] which resulting from the current erosion along
the runway of the river and its subsequent transition
to marine waters. The primary concentrations of
nutrients were directly reflected on the primary
concentrations of chlorophyll a in the two studied
stations because the availability of nutrients in the
medium contributes to controlling the growth of
phytoplankton and the changes in their biomass and
their specific composition ([37], [38]).

Station K, which was characterized by higher
concentrations, recorded the highest value of
chlorophyll a of (6.283 mg.m™), while the M station
recorded the value of (1.611 mg.m®), consistent with
many studies conducted at the Syrian coast which
pointed to increasing a phytoplankton abundance in
stations subject to the influence of human activities

([31], [32], [33)).

Table 1. Primary concentrations of chlorophyll a and nutrients at the big North river station (K) and Sports city

station (M).
Station Chla NO3 PO, Sio,™* NH,"
(mg. m?) (nmol/L) (umol/L) (umol/L) (umol/L)
K 6.283 25.101 3.063 108.931 34.477
M 1.611 10.857 0.330 5.261 3.733

Changes in Chl a and nutrients concentrations were followed over time in samples enriched with Fe and in

controls.

The experiment showed low growth ability of
phytoplankton in the first days of the experiment in
both control and enrichment flasks and in both
studied sites. Chlorophyll a concentrations in site K
increased during the first nine days of the experiment
by only 1% and 5% in both control and enrichment
flasks, respectively. While the M samples showed no
clear growth of phytoplankton during the first nine
days. The value of chlorophyll throughout this period
was close to the primitive value. Similar studies have

shown that the effect of iron enrichment begins in the
early days of the experiment if phytoplankton in the
studied area subject to the impact of iron stress ([39],
[40], [41], [19], [13]).

Phytoplankton began to grow clearly in all circles
starting on the 12th day of incubation, where
phytoplankton showed clear growth ability in station
K in the enrichment samples Fe (39.739 mg = AChl
a) and control samples (37.946 mg = AChl a). The
growth continued during the incubation period (21
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days) recording the highest value of chlorophyll a
concentrations at the end of the experiment which
attained 46.021, 44.229 mg.m™ = Max Chl a in both
C and Fe respectively. While phytoplankton growth

was lower in station M (2.411, 2.067 mg = AChl a in
both C and Fe respectively), that due to the fact that
primary concentrations of nutrients and chlorophyll a
were low (Table 1). The concentrations of chlorophyll
a at station M had the highest value on the 15th day of
incubation, with 4.311 ,4.115 mg.m® = Max Chl a
in both C and Fe respectively. Then chlorophyll a
concentrations began to decline after the fifteenth day
of incubation. That due to the depletion of all
phosphates in the medium recorded at the end of the
experiment the value of 3.678 mg.m-3 in flask C and
4.022 mg.m™ in the Fe flask. Where the study of re.
[33] showed the persistence of phytoplankton to grow
if nutrient availability and decline after nutrient
depletion from the medium.

The increase in Chl a concentration was correlated
with major nutrients consumption.

Nutrient consumption of phytoplankton at station
K was significant during incubation period and in
both sites (Table 2). The availability and consumption
of available nutrients continued until the end of the
experiment and was accompanied by a decrease in
nutrient  concentration with the increase in

phytoplankton biomass due to photosynthesis activity
of phytoplankton [42], because nitrogen and
phosphorus are essential elements for the growth of
phytoplankton [43]. While the availability of silicates
is necessary for the growth of the diatoms as it enters
the building of its silesian shield ([36], [44]).

The consumption of phytoplankton for nutrients at
site M was evident in control and enrichment
treatments to the fifteenth day of the experiment.
Where phosphate was completely depleted from the
two mediums. The percentage of the consumed nitrate
during this period was 96.97% and the silicate
consumption was 95.91%. The highest values of
chlorophyll were 4.311 ,4.115 mg.m™ in both C and
Fe respectively. It was noted that phytoplankton
continued to consume the nitrates and silicates
available in the medium even after the phosphates
were depleted from the medium. This is explained by
the fact that phytoplankton cells took their nitrate
concentrations in the middle and deposited them in
their bodies [45]. Especially in different types of
central and rational diatoms [46]. Other studies have
shown that diatoms have the ability to consume
silicates from the medium to raise their cell contents
from silicates and support their silica shield without
any growth (471, [48]).

Table 2. Total change in concentrations of chlorophyll a and nutrients in control vials (C) and enrichment (Fe) in the
Northern River (K) and the Sports City (M)

The station | The treatment | AChla | ANO; | APO,® | ASiO,* | ANH,
mg pmol pmol pmol pmol
C 37.947 9.890 1.319 37.289 21.814
K
Fe 39.739 8.710 1.510 46.619 13.981
C 2.067 7.041 0.330 4.650 1.976
M
Fe 2.411 7.155 0.330 4.374 1.391

A little effect of iron enrichment on growth of
phytoplankton was observed in both stations, whereas
the growth of phytoplankton in control flasks (C) and
enrichment (Fe) was close (Table 2). This agree with
a number of studies in multiple regions showing a
similar growth of phytoplankton in both mediums
([39], [40], [27]). On other hand, another laboratory
and field studies in other areas where phytoplankton
suffer from iron deficiency stress showed that
biomass increased significantly when iron water was
enriched ([39], [40], [41], [19], [13], [6].

The quantities of nitrates and phosphates
consumed in our experiments were close (Table 2), in
addition to the large similarity in the changes in the
concentrations of these electrodes during the
experiment in the control and enrichment treatment

and in both sites as shown in figures (1, 2). While the
above studies showed significant consumption of
nitrates and phosphates in the media to be enriched by
iron compared with the control media. As for silicate,
Table (3) shows that the two studied regions showed
no significant differences in nutrient ratios between
the control and enrichment wells, thus enhancing the
belief that these areas are not subject to iron stress.
Where previous studies have shown areas under the
stress of iron deficiency that the consumption
increases when enriched iron, but less than nitrates
and phosphates.

A study of [40] and [41] showed that the
consumption of (Si04*: NO3) in the control vial was
double or more than that in the vials of enrichment
because the diatoms under stress of iron deficiency
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also increased its consumption and use of silicates in
enhancing its silicic shield, making silicate a specific
catalyst for growth (colimiting) in areas under iron
stress [49]. Where re. [6] mentioned that the addition
of iron can increase the rate of consumption of
salicylic acid and the production of bio silica for
algae, and that increased iron stress can slow growth
rate, and increases the silicification of certain types of
algae.

The difference in the consumption of silicates
between the control and enrichment treatment in the

Northern river region can be attributed to stimulating
iron for the growth of silicated algae in the
enrichment treatment (Table 2). Where the study of
[50] showed that increased iron air supply in the
central equatorial Pacific Ocean led to a change in the
major primary producers of coccolithophores
(alkenones) to diatoms (epibrassicasterol) and
dinoflagellates (dinosterol).

Table (3): Nutrient consumption ratios (NO3: SiO,™: PO,: NO3:SiO,™) in control vials (C) and enrichment (K) in
the two sites [north river (K) and sports city (M)]

Site Treatment Sio/* NOg | Siog*:PO,° | NOs:PO,°
C 3.770 28.271 7.498
K
Fe 5.352 30.874 5.768
C 0.660 14.091 21.336
M
Fe 0.611 13.255 21.682

Based on our findings, we note that the limited
effect of iron supply, which may be due to the
richness of the area of the estuary of the Big Northern
River by the iron (2.1 pg / L) because it is directly
subject to the impact of human activities and land-
based sources of pollution which bring with it big
amount of iron make the area not susceptible to iron
stress and increased concentration of iron in the
middle did not affect the growth of phytoplankton. A
similar study in northern Monterey Bay on the Pacific
ocean showed that chlorophyll production and
nutrient consumption in this area were not affected by
the addition of iron due to the abundance of iron

amounts coming with river water to this region
[40]. In the samples of the sports city region, we also
note that iron enrichment does not affect the growth
of phytoplankton, although iron concentrations are
lower than the first region (0.0364 pg / L). This can
be attributed to the depletion of phosphates from the
medium similar to re. [39] in the northwest Indian
Ocean where the lack of nitrogen in this region has
led to growth of phytoplankton in similar ways in the
control and enrichment communities, While the
growth rate was high in the enrichment treatment
compared to the control one when accompanied iron
enrichment with the enrichment of nitrogen.
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Figure (1): The chronological development of concentrations of chlorophyll a, nitrates, phosphates, silicans and
ammonia in control vials (C) and enrichment (Fe) for the big northern river station (K)
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Figure (2): The chronological development of concentrations of chlorophyll a, nitrates, phosphates, silicans and
ammonia in control vials (C) and enrichment (Fe) for the sport city (M)
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VI. CONCLUSIONS

The primary concentrations of chlorophyll a and
nutrient in the Big Northern River estuary (K)
recorded values higher than those recorded in the
sports city area (M).

Phytoplankton showed clear growth ability in
station K in both the control and enrichment
media. Growth continued throughout the
incubation period and nutrients remained in the
medium until the end of the experiment. Growth
of phytoplankton was lower in station M and
stopped on the 15th day of incubation in both of
which are due to phosphate depletion.

A small effect of iron enrichment was observed
in both studied sites, where the net growth rates
of phytoplankton biomass in control and
enrichment flasks were close.

Phytoplankton cannot be affected by iron stress
in the area of the estuary of the Big Northern
River due to the richness of this region with iron,
but in the sports city area this can be attributed to
the depletion of phosphates from the medium.

The application of this type of experiment to
different areas of the Syrian coast is important to
find out the role of iron in influencing the
primary productivity in our region.

It is useful to apply these experiments under
controlled laboratory conditions (lighting, heat,
nutrients) where international studies have shown
the effect of these factors on the role of iron in
the growth of phytoplankton.
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