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Abstract
The effects of various Abiotic factors, including concentrations
of silicate and iron, temperature, light intensity and salinity of media
on two purebred red tide diatoms, Phaeodactylum tricornutum and
Thalassiosira weissflogii were investigated through single and full
factorial experiments. The single-factor experiments showed diatom
Phaeodactylum tricornutum had the fastest growth rate with initial
silicate concentration of 200 μmol•L-1, initial iron content of 10
μmol•L-1, environmental temperature of 20oC, and light intensity of
231.25 μmol photons•m-2•s-1 respectively. Thalassiosira weissflogii
grew fastest when initial silicate concentration was 250 μmol•L-1,
o
initial iron concentration was 10 μmol•L-1, temperature of 30 C
-2 -1
light intensity of 231.25 μmol photons•m •s . From full factorial
experiments, the main factors affecting Phaeodactylum tricornutum
were iron concentration, temperature, the coupling effect of
temperature and light intensity, and the coupling effect of temperature
and iron concentration. The main factors affecting Thalassiosira
weissflogii were temperature, the coupling effect of temperature
and iron concentration, and the coupling interaction of silicate and
iron. Silicates, iron ions and the coupling effects of temperature and
silicate are the main factors affecting the production of biosilicon in
Phaeodactylum tricornutum; and temperature, iron and the coupling
effect of silicate and iron ions were the main factors influencing
biosilicon produced by Thalassiosira weissflogii.
Keywords: coupling effect; Phaeodactylum
Thalassiosira weissflogii; silicon utilization;

tricornutum;

Introduction

Silicon, the 2nd richest element in the earth’s crust,
usually presents as dissolved monomer Si(OH)4 in seawater,
indispensable for marine diatoms which are responsible for about
40% global primary production [51,15,40]. Marine organisms
especially diatoms, radiolarians and siliceous sponges, consume
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inorganic silicate in seawater and produce biogenic silica, which
is the primarily path for silicate removal from seawater. Si(OH)4
is regenerated through oxidation and decomposition of biological
residues [14].

Iron, although in the crust the fourth element of abundance,
has very low concentration in seawater due to its extremely
solubility and easily being absorbed on the particulate matter
surface in ocean. It plays an important role in phytoplankton’s
physiological activities, such as electron transportation, oxygen
metabolism, nitrogen fixation, photosynthesis and respiration
[25,19]. Iron receives more attention than other trace elements
because 40% of the world ocean has been thought to be Fe limited
[37]. Some iron can reach surface seawater with upwelling [48]
and provide trace metal nutrition for coastal phytoplankton,
while only dissolved iron is biologically effective [28,3]. Iron
demand by marine phytoplankton is very high compared to its
low content, indicating that iron may be one of limiting factors in
ocean [20,5].
Iron deficiency has been considered to be the main reason
for low biomass of phytoplankton in the high-nitrogen-lowchlorophyll (HNLC) area [17,2]. The limiting effect of iron on
marine primary production has been testified by some field
experiments [4,34]. And some laboratory culture experiments
also seem to confirm the results of the iron fertilizing experiment
in the wild [8]. For instance, growth rate of Thalassiosira weissflogii
and Prorocentrum minimum was significantly limited when iron
concentration is less than 100 pM in culture experiments [47].

The researchers found some very interesting phenomena
concerning iron restriction on marine phytoplankton. For
example, under iron limiting conditions, phytoplankton
consumption of silicon is much higher than nitrogen, resulting in
a common restriction of iron and silicon [26,13,17]. Iron and light
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had co-limiting effect on the growth of phytoplankton in areas
with low iron inputs such as HNLC area [11]. However, due to
the difficulty in identifying these factors, the phenomenon of the
joint limitation of iron, silicon and other factors has not attracted
enough attention as they deserve [49,50,24]. In the present
work, we try to focus on the coupling effect of silicate and iron
on the growth of Phaeodactylum tricornutum and Thalassiosira
weissflogii through single and full factor experiments respectively,
and to further analyze and identify the effects of different Abiotic
factors, including silicate, iron, temperature, light intensity,
salinity. In single factor experiment, there is only one factor
is changed and the rest of the test factors remain unchanged,
the specific role and influence of this factor is determined by
observing the change of experimental system caused by changing
this factor. The main purpose of single-factor experiment is
to prepare the orthogonal test and provide a reasonable range
of data for orthogonal experiment. Full factorial experiment
design is involved in all levels of the experimental factors which
are comprehensively combined to form different experimental
conditions. Two or more independent experiments are repeated
under these conditions. The greatest advantage of design is that a
large amount of information can be obtained to accurately assess
the size of the main effects of each factor and the magnitude of
interactions between factors. Its biggest drawback is that it needs
the most experiments and consumes more manpower, material
resources and time.

Materials and Methods
Algae cultivation

Purified marine diatoms Phaeodactylum tricornutum and
Thalassiosira weissflogii were obtained from marine algae center,
State Key laboratory of coastal marine environment in Xiamen
University, China. Both diatoms are harmful red tide algae and
ubiquitous in Chinese coastal sea and with different physiological
characteristics and silicate utilization rate [43,35]. The diatoms
were cultivated in f/2 medium [23,22] with ameliorated nutrient
contents to meet experimental requirements. The medium was
prepared with artificial seawater configured according to the
recipe of MBL [1]: 24.72 g•L-1 NaCl, 0.67 g•L-1 KCl, 1.36 g•L1
CaCl2•2H2O, 4.66 g•L-1, MgCl2•6H2O, 6.29 g•L-1, MgSO4•7H2O
and 0.18 g•L-1 NaHCO3. Artificial seawater was sterilized under
o
126 Cfor 40 minutes, adjusted to pH 8.0 with HCl or NaOH
o
solution, and kept at 4 C as stock solution. The stock solution of
artificial seawater was added to cultivation medium immediately
after being filtration sterilized in order to avoid precipitation of
silicate under high pressure and denaturalization of thiamine
hydrochloride, biotin and Vitamin B12 under high temperature.
The diatoms were inoculated in 500 mL polycarbonate
conical flask with 300 mL f/2 medium and cultivated in light
o
incubator under following conditions: temperature 21 ± 0.5 C,
-2 -1
light intensity 81.25 μmol photons•m •s , light : dark cycle
12h:12h, and salinity 30‰. In the process of culture, algae cells
growth was observed daily, and subculture was carried out
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regularly to check whether the cells are stained or contaminated
with harmful organisms under microscopic.

Algae cells were harvested in the exponential period,
centrifuged under 3000 rpm for 10 minutes and cleansed by
0.4 mol•L-1 NaCl solution three times to reduce the effect of
residual nutrients on the next culture medium. Diatom cells was
acclimated in iron-starvation status for 2 weeks before used
in iron specific experiments to eliminate the influence of iron
adsorbed by diatom cells.

Experimental scheme

In order to investigate various Abiotic variables including
silicate, iron, temperature, light intensity, salinity and their
interaction effects on diatoms growth through single and full
factorial experiment respectively. In single factorial experiments,
we set up 5 silicate (50, 100, 150, 200, 250 μmol•L-1) and iron(5,
10, 100 nmol•L-1, 1 μmol•L-1, 10 μmol•L-1) concentrations, and
o
o
o
o
o
5 temperature (10 C , 15 C , 20 C , 25 C 30 C ) levels, 5 light
intensities (81.25, 112.5, 187.5, 231.25, 250 μmol photons•m-2•s-1,
equivalent to 6000, 9000, 15000, 18500,20000 lux respectively),
and 5 salinity (15‰, 20‰, 25‰, 30‰, 35‰) levels are taken
into account as well.
In full factorial experiment, initial levels of silicate, iron,
temperature, light intensity and salinity were setup using Minitab
for statistical analysis (P < 0.05) as shown in table 1. The low
level and the high level of each factor presented as “L” and “H”,
respectively. Each match of two factors could be performed under
four kinds of matches (“HH”, “HL”, “LH”, “LL”) to investigate their
interaction effects comprehensively.

Cultivation condition parameter determination

Temperature and light intensity of the culture medium are
set directly by RXZ-300 illumination incubator equipped with
Smart artificial climate box, calibrated by thermometer and XYIIII illuminance meter (Hangzhou, China) respectively before
experiment. The salinity of culture solution was determined by
BEC-540 multi-parameter salinity meter (Dalian, China).

Silicate and bio-silicon analysis

Samples for silicate measurement were pretreated in
laboratory according to guidelines of sea monitoring issued
by State Oceanic Administration, People’s Republic of China
(HY147.1-2013). Silicate (SiO42-) was determined with a Scalar
San Plus Auto-Analyzer following Joint Global Ocean Flux Study
(JGOFS) protocols by Knap et al. (1996).
Bio-silicon was analyzed at the end of cultivation in order to
investigate the utilization efficiency of diatom cells on silicate.
Subsample of 30 mL algal culture medium was filtered through
0.2 µm polycarbonate membrane (Millipore, USA) at the end
of cultivation. The membranes were folded and put into 50 mL
o
plastic centrifuge tube, extracted for 10 minutes in a 95 C water
bath after adding 10 mL of 0.2 mol.L-1 NaOH solution. The extract
is cooled to room temperature, HCl neutralized and centrifuged,
and the content of silicates was determined then.
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Algal cells counting
Diatom cells were counted every other day at a fixed time
after being fixed and dyed using Lugol solution, the cell count was
carried out with blood cell counting plate when the cell density
was greater than 100000 cells•mL-1, otherwise the cell count
is completed under the Nikon-YS100 optical microscope. Every
sample was counted for 3 replicates and the average value was
orientated (RE < 15%).

Quality control and data process

The chemical reagents used in our experiments are all
analytically pure. All wares used for sample collection and storing
were soaked in 10% hydrochloric acid solution for 7 days and

Copyright:
© 2017Aimin L, et al.

then dried after being washed by deionizer water thoroughly.
All cleaning procedures were performed in a class-100 clean
laboratory. All tests were carried out in triplicate, and a one-way
analysis of variance (ANOVA) and full factorial analysis were
performed using Minitab for statistical analysis. Differences were
considered statistically significant when p < 0.05.

Results

Effects of temperature, light intensity, and salinity on
the growth of two diatoms
Growth of Phaeodactylum tricornutum and Thalassiosira
weissflogii under different temperature, light intensity, and salinity
were investigated separately in single factorial experiments, and
the results were shown in figure1. It was found that the optimum

Figure 1: Effects of temperature (a, b), light intensity (c, d), and salinity (e, f) on the growth of Phaeodactylum tricornutum (a, c, e) and Thalassiosira
weissflogii (b, d, f)
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temperature range for Phaeodactylum tricornutum growth was 15
o
o
o
C to 25 C, and the most suitable temperature was 20 C, at which
the cell density could reach 3.25×106 cells•mL-1. As for diatom
o
Thalassiosira weissflogii, the optimum temperature was 30 C,
higher than Phaeodactylum tricornutum. At this temperature, its
maximum cell density reached 7.59×105 cells•mL-1. Both diatom
cells had a relatively slower growth rate and lower cell density
outside the proper temperature.

Both diatom algae’s seemed had same optimum light intensity
231.25 μmol photons•m-2•s-1 for growth as our single factorial
experiments revealed. In this light intensity, the cell density
of Phaeodactylum tricornutum and Thalassiosira weissflogii at
exponential stage amounted to 4.21×106 cells•cm-3 and 5.37×105
cells•cm-3 respectively. Either insufficient or excessive irradiance
inhibited the growth of diatom cells, the slowest growth of two
diatoms appeared under light intensity 81.25 μmol photons•m2 -1
•s .
It was revealed from figure1 that Phaeodactylum tricornutum
was seemly less sensitive to salinity than Thalassiosira
weissflogii. There was no obvious difference of growth rate and
cell density of Phaeodactylum tricornutum under various salinity
conditions in the early days of experiments. The effect of salinity
on the growth of algae cells did not begin until 13th day, when
the algae cells density in the medium with salinity of 35‰ was
obviously higher than in culture solutions with other salinities.
The cell density maximized 3.87×106 cells•mL-1 under salinity
35‰ and minimum cell density was 2.36×106 cells•mL-1 under
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salinity 15‰. For diatom Thalassiosira weissflogii, the effect of
salinity on cells growth was another. The cells had a relatively
different growth rate under different salinity conditions, and the
cell density maximized 3.85×105 cells•mL-1 on 11th day under
salinity 30‰, significantly higher than other four groups.

Effects of silicate and iron on the growth of two diatoms

Growth of two diatoms, Phaeodactylum tricornutum and
Thalassiosira weissflogii under different silicate and iron
conditions was revealed in figure 2. Diatom growth was
obviously hindered under conditions of silicate deficiency.
With the increasing of silicate concentration, the growth rate
of Phaeodactylum tricornutum and Thalassiosira weissflogii
were boosted significantly. At exponential stage, cell density of
Phaeodactylum tricornutum reached 5.32×106 cells•mL-1 under
initial silicate concentration 200 μmol•L-1, while cell density of
Thalassiosira weissflogii reached 1.96×106 cells•cm-3 under initial
silicate concentration 250 μmol•L-1.

The inhibitory effect of low concentration of iron on these
two diatoms growth was also evident. In iron concentration 5
nmol•L-1, 10 nmol•L-1 and control group, the growth of algal cells
was almost stagnant, while the increase of iron concentration
significantly accelerated the growth of algal cells. Algal cell density
of Phaeodactylum tricornutum and Thalassiosira weissflogii
reached maximum under the same initial iron concentration 10
μmol•L-1, amount to 5.07×106 cells•mL-1 and 7.96×105 cells•mL-1
respectively.

Figure 2: Effects of silicate (a, b), and iron (c, d) concentration on the growth of Phaeodactylum tricornutum (a, c) and Thalassiosira weissflogii (b, d)
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Interactive effect tests
Full factorial experiments were based on the results of single
factorial experiments and the significant tests using Minitab
analysis. The full factorial experimental result was shown with
significant testing and interaction effect diagrams. In significant
testing plots, points obviously deviated from straight line
represented the significant effect, and the points near the line or
on the line indicated the effects were not obvious. In interaction
plots, intersecting of two lines indicated two factors were
interactive, while parallel of two lines indicated the two factors
were not interactive.

Figure (3a) revealed the interaction effects of temperature,
light intensity, salinity and iron contents on cell density of
Phaeodactylum tricornutum, and no interaction effect of
silicate and iron was found. The specific performances of these
interactive effects were shown in figure (3c) in detail. High
temperature inhibited the growth of Phaeodactylum tricornutum
in all interaction designs, while high iron concentrations
significantly boosted the growth of diatom cells in all interaction
designs. The coupling effects of low temperature and high iron
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concentration was relatively obvious. While the coupling effect
of temperature and light intensity was not significant, and high
light intensity inhibited the diatom cells growth slightly at
high temperature indeed. As to biogenic silica contents diatom
Phaeodactylum tricornutum cells, the interaction of temperature
and silicate, temperature and iron had significant affects figure
(3b). The interactive effect of temperature and contents of silicate
and iron was that when temperature remained constant, the
increase of iron concentration obviously promoted the biological
uptake of silicate by algal cells, and this coupling effect was even
more obvious in low temperature environments. Although the
increase of silicate contents obviously promoted the synthesis
of bio-silicon, the effect of the stimulant was more significant in
relative high temperature. As shown in figure (3d), environmental
temperature, iron concentration, and the coupling effect of
temperature and light, temperature and iron contents had
significant influence on the growth of algal cells. The decrease
of temperature and the increase of iron concentration were
beneficial to the growth of algal cells. The effect of light on algal
cell concentration was not obvious at low temperature, but when
the temperature rose, the increase of light intense significantly
inhibited the growth of algae cells.

Figure 3: Significance testing (a, b), and interaction effects (c, d) of various factors on cell density and biogenic silica content of Phaeodactylum tricornutum

The results of full factorial experiments on the growth of
diatom Thalassiosira weissflogii, and their bio-silicon were
shown in figure 4. It was found that the final concentration of
algal cell culture was significantly influenced by the coupling
of temperature and silicate concentration, iron concentration
and silicate concentration, and the temperature itself figure

4(a). At low temperature, there was no significant effect of
silicate contents on diatom cells concentration, while with the
increasing temperature, algal cells concentrations decreased.
When silicate concentrations were at relatively low level, raising
the temperature was good for the growth of algal cells. On the
contrary, when silicate in environment was at a high level, the
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effect of temperature on the growth of algae cells was not obvious.
When iron concentration in culture solution was low, diatom
cells concentration decreased obviously with increasing silicate
contents. And the increasing of silicate concentration did not
significantly affect the concentrations of algal cells in the medium
when iron concentration was relatively high figure 4(c). It could
be seen from figure 4(b) that the factors that had a significant
influence on the content of diatoms Thalassiosira weissflogii cell
bio-silicon included temperature, iron concentration and the
coupling effect of iron concentration and silicate concentration.
The increase of the temperature and iron concentration in the
medium was beneficial to the increase of the contents of bio-
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silicon in algal cells. As revealed in figure 4(d), the silicate and
iron concentration coupling effected algal cell bio-silicon and
specific performance of the coupling effects were as follows:
when the concentrations of iron was high, the increase of silicate
was beneficial to the formation of bio-silicon in algal cells, when
the iron concentration was in a low state, bio-silicon content
decreased with the increasing of silicate concentration; when
the concentration of silicate was low, the influence of iron on the
formation of bio-silicon was not obvious. In the condition of high
silicate, the increase of iron concentration obviously contributed
to the increase of the content of bio-silicon in algal cells.

Figure 4: Significance testing (a, b), and interaction effects (c, d) of various factors on cell density and biogenic silica content of Thalassiosira weissflogii

In general, the effects of various factors and their
coupling action on both diatoms Thalassiosira weissflogii and
Phaeodactylum tricornutum can be revealed by full factorial
experiments as the present work. Our experiments indicated that
temperature, iron concentration, the coupling of temperature
and iron concentration, and the coupling of temperature and
light intensity had obvious effect on growth of Phaeodactylum
tricornutum, and the order of the magnitude of these effects was
iron concentration, temperature, the coupling of temperature and
iron concentration, the coupling of temperature and light intensity.
While silicate concentration, iron concentration, and the coupling
of temperature and silicate concentration had significant effect on
the bio-silicon concentration in cells of diatoms Phaeodactylum
tricornutum, the order of effects magnitude was silicate
contents, iron contents, the coupling of temperature and silicate
concentration. In case of Thalassiosira weissflogii, the factors
in order of influence size that significantly affected its growth
were the coupling iron and silicate concentration, the coupling

of temperature and iron concentration, and temperature. And the
factors in order of influence size that obviously affected its biosilicon concentration were temperature, iron concentration, and
the coupling iron concentration and silicate concentration.
Table 1: Initial factorial levels for full factorial experiment
Factorial

Initial factorial levels

High(H)

Low(L)

Temperature

25℃

15℃

Light intensity

231.25 μmol photons·m-2·s-1

81.25 μmol photons·m-2·s-1

Silicate
concentration

200 μM

50 μM

Salinity

Iron
concentration

30%

10 μM
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Discussion
Different phytoplankton have different suitable growth
conditions, they show different growth and adaptation status
under different environment conditions. As shown in our
experiments, in a certain rang, both diatoms Thalassiosira
weissflogii and Phaeodactylum tricornutum grew rapidly with
increasing temperature, illumination and salinity, increasing
the concentration of algal cells in medium, but the trend varied
with different algae kinds and different environmental factors.
For instance, the final density of Thalassiosira weissflogii
cells increased with the increase of temperature, reaching
o
the maximum at 30 C. The main reason for the increase of cell
density is that the high temperature has caused higher enzymatic
activity, higher photosynthetic rate and higher nutrient uptake
[42]. However, the increasing of algal Phaeodactylum tricornutum
cell density with temperature behaved in another way. Final cell
density reached maximum at a moderate temperature, not the
highest temperature. This phenomenon may be attributed to the
rapid growth of algal respiration in high temperature conditions
[52,33]. Generally the largest growth rate of algae is about 0.42 generations per day, when light and nutrients in saturated
condition, in a certain range, the temperature rises every 10
degrees, phytoplankton growth rate will be more than doubled.
The researchers found that diatoms adapted to a wide range of
o
o
temperatures and were able to grow well between 15 C to 35 C,
o
o
but grew best at 20 C to 30 C. This is basically in line with our
experimental results.

Since light serves as the energy source for photosynthesis,
light limitation is regarded as one of major reasons for low
phytoplankton biomass, and light intensity and duration are
also considered to be determining factors in the degree of
photosynthetic activity [24]. In addition, light intensity is
considered to regulate the uptake and utilization of nutrients
by phytoplankton [10]. Experiments have shown that light
intensity can be a major factor in controlling diatoms growth
in good mixing conditions and in nutrient-rich waters [46].
As with temperature, the growth of these two diatoms had
slightly different manifestations of light intensity response.
Our experiment found that the final algal cell density of both
diatoms increased with the enhancement of illumination except
for the group with the strongest light conditions (250 μmol
photons•m-2•s-1). In other words, in a certain range, as the light
intensity increase, the photosynthetic rate of algal cells increase,
till at the compensation point when the rate of photosynthesis
and respiratory is equivalent. As light intensity continues to
strengthen, the rate of photosynthesis will gradually decrease,
and the phytoplankton will exhibit photo inhibition effect after
the light saturation (Chai, 2009).

The two species of diatom algae in our experiment showed
strong salinity adaptability, even if their growth rate had different
response to the change of salinity condition. Cell density of
Thalassiosira weissflogii was found to reach its maximum between
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salinity 25-35‰ [18], which is very similar to our experimental
results. The effect of salinity on algae growth is mainly that
salinity can affect the osmotic pressure of algal cells, uptake of
nutrients and suspension of algal cells themselves [44]. Because
both of these two diatoms have considerable salinity adaptability,
they have a wide distribution from offshore to open sea.

Diatoms need silicate as substrate to meet their growth
requirements, especially to produce frustules. The silicon
demand of different species of diatom mainly depends on their
differences in physiology [24]. Therefore it is reasonable that
high cell density can be found in high silicate cultures as our
experiments. Iron is another limiting factor for marine diatoms
[20,5]. Iron is essential for phytoplankton, involved in cellular
processes such as photosynthesis [19]. The importance of iron
in photosynthesis stems from its high concentrations in the
photo system I and II and the cytochrome b6f complex [41]. Iron
deficiency strongly influence electron transport kinetics, reduce
the efficiency in electron transfer and partial inhibit the photo
system [38]. As shown in our experiments, final cell density of
both Phaeodactylum tricornutum and Thalassiosira weissflogii
increased with the amount of iron added to the medium, and
there was a critical concentration of iron that allowed the algae to
grow into the exponential phase. It was also found that different
species of algae cells had different iron demands and different
tolerance for iron deficiency. Unlike Phaeodactylum tricornutum,
Thalassiosira weissflogii cells almost ceased to grow at low iron
concentrations, including 10, 5 nmol•L-1, and control group,
which indicated that Thalassiosira weissflogii demand more iron
than Phaeodactylum tricornutum to sustain cell division.
When studying effects of iron on the growth of diatoms, the
researchers often made such a hypothesis that diatom growth
rate was limited by iron, and biogenic silica production rates and
cellular silicon content was controlled by a combined influence
of both iron and silicate [7]. Our experiments further found the
coupling effect of iron and silicate was closely related to the
actual combination of temperature, salinity and illumination in
the growing environments, and the combined effect of various
conditional factors could be different due to different algae
species and other environmental conditions. For instance, iron
concentration, temperature, coupling interaction between
temperature and iron concentration, coupling interaction
temperature and light intensity were the major factors affecting
final cell density of Phaeodactylum tricornutum, but no
obvious interactions among salinity, light intensity, and silicate
concentration were found in our experiments. Temperature and
light intensity had an inhibitory coupling effect on the growth of
Phaeodactylum tricornutum mainly because the dark respiration
of algae was greatly enhanced under the combination of high
temperature and strong illumination [52,33]. Our experiments
also showed that the coupling of iron and silicate had an
important influence on the growth of these two diatoms, even
iron concentration itself could be acted as a separate influencing
factor to control the final cell density of Phaeodactylum
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tricornutum. This promotive coupling effect of iron and silicate
concentration on diatom Phaeodactylum tricornutum growth was
even more pronounced at low temperatures.

Environmental conditions and their coupling effects
also affected the efficiency of silicate utilization by diatom
cells. However, the environmental factors and their coupling
interaction that affecting silicate utilization and those affecting
the growth of algae cells were different in some degree. Our
experiments showed that temperature, concentration of iron, and
concentration silicate were the main control factors affecting the
algal silicate utilization, and for different algae, these three factors
had different order of influence, and they have different forms of
coupling. This indicated that in addition to the environmental
temperature and the content of silicate itself, the content of
iron in environment played an important role in controlling the
silicate utilization by diatom cells in some degree. Temperature
is undoubtedly considered to be the main factor affecting algae
growth [53]. For diatom, temperature not only affects the growth
and photosynthesis of algae cells, but also affects the synthesis and
accumulation of chemical constituents in cells [12]. In addition,
temperature has effects on the activity of enzyme in diatom cells,
the uptake efficiency of nutrients and the cycle of cell division [6].
Diatom plays an important role in silicon recycle. Diatom uptake
silicate mostly during the period of sub cells from new shell, which
indicates that accumulation and storage of bio-silicon is not in the
life cycle but in the process of cell wall formation [2]. Diatoms can
accumulate large amounts of silicon, which can be between 30
and 350 times the silicate concentration of the medium therefore
[51]. Coupling interaction of iron and silicate was testified to
be an important controlling factor in bio-silicon synthesis by
both Phaeodactylum tricornutum and Thalassiosira weissflogii
in our experiments. Even for algae Thalassiosira weissflogii, in
addition to being coupled with the silicate concentration, iron
concentration itself also affected silicates utilization by algae
cells. It has been testified that iron deficiency has an important
effect on the growth and photosynthesis of phytoplankton by
many laboratory experiments and the rich iron experiment
in high-nutrient-low-chlorophyll (HNLC) oceans [25]. Iron
deficiency will change the proportion of macronutrient uptake
by phytoplankton, reducing the uptake of nitrogen and silicate
uptake increased. At the same time, under the condition of iron
deficiency, silicon will be utilized by the algae at a faster rate
than nitrogen, eventually lead to the coupling effect of iron and
silicate, resulting iron and iron co-limiting [26,17]. `Diatoms will
adapt to iron limiting condition by reducing the cell volume, the
increase of diatom cell volume and thicken of diffusion boundary
will change the nutrients uptake rate. Compared to carbon and
nitrogen contents, silicon contents in diatom cells under iron
deficiency condition will increase accordingly [36].

Conclusion

Different algae have different suitable habitat requirements,
at the same time, the coupling between factors such as
temperature, salinity, light intensity, silicate concentration, and
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iron concentration can vary depending on the algae. As our
experiments revealed that diatoms Phaeodactylum tricornutum
and Thalassiosira weissflogii had different temperature, silicate
and iron contents requirements for optimal growth, although
the concentration of iron has important influence on the growth
of two kinds of algae and the utilization of silicate, the coupling
action of iron concentration and silicate concentration is obvious
in algal Thalassiosira weissflogii, but not in Phaeodactylum
tricornutum. This indicates that although iron concentration
may play an important role in limiting the growth of diatoms, the
ways and degrees of limiting are different with different kinds of
diatoms.
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