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Impact of Dissolved Organic Carbon and
Temperature on Phytoplankton Biomass in an
Outdoor Study

Ruaa Abass Lafta® ', Mohammed Hamdan® %*

1 Ministry of Higher Education and Scientific Research, Baghdad, Iraq
2 Department of Biology, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

Altered environmental conditions in aquatic ecosystems through Dissolved Organic Carbon (DOC) input and increased
temperature influence phytoplankton communities. To assess the impacts of climate change as both single and combined
effects of DOC inputs and temperature on phytoplankton growth, we conducted an outdoor experiment including four
sets of conditions in triplicate: a) control, b) DOC treatment, c) temperature treatment, and d) DOC and temperature
treatment. We added 10 mg/L of glucose (CcH;20¢) as a source of DOC. The warming treatment increased the water
temperature by 3°C above the control (p-value < 0.05). The DOC treatment significantly affected pH, CO,, and DOC
(p-values = 0.004, 0.01, and 0.003, respectively). Dissolved oxygen was impacted by both DOC treatment (p-value =
0.0003) and temperature treatment (p-value = 0.003), whereas NO5;! and PO, were unaffected by either (p-value >
0.05). Both DOC and warming treatments significantly changed the physicochemical properties of the water, influencing
phytoplankton biomass. The phytoplankton biomass(chl-a) showed significant positive correlations with temperature (r
= 0.5, p-value = 0.0002), CO, (r = 0.64, p-value < 0.05), DOC (r = 0.6, p-value < 0.05), NO3! (r = 0.5, p-value < 0.05),
and PO,~3(r = 0.5, p-value = 0.0001), while being negatively correlated with pH (r = 0.5, p-value = 0.001). Dissolved
oxygen also showed a positive correlation with phytoplankton biomass (r = 0.63, p-value < 0.05). We concluded that
increasing DOC input is crucial for mitigating the negative effects of warming on phytoplankton growth, as DOC provides
a primary source of CO, necessary for photosynthesis.
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Introduction

Phytoplankton are critically important in fresh-
water ecosystems, serving as primary producers by
supplying essential nutrients and energy to these
systems.! These organisms can feed themselves by
converting chemical energy into organic matter
through photosynthesis.? Although comprising less
than 1% of the Earth’s total photosynthetic biomass,
phytoplankton produce nearly 50% of the world’s
net primary productivity, making them crucial to
ecological food chains.® Phytoplankton communities
are dynamic, responding to physical and chemical

changes, as well as nutrient inputs, which makes them
highly sensitive to environmental variations. Previ-
ous research in freshwater ecosystems has shown
that phytoplankton composition, community struc-
ture, species diversity, and abundance are influenced
by multiple environmental factors, including tem-
perature, light availability, key nutrients for algae,
pH levels, and zooplankton grazing.*” Warming
impacts these factors both directly and indirectly,
leading to complex, overlapping effects.® Tempera-
ture influences phytoplankton community structure
through direct effects on organism physiology and
metabolic processes such as photosynthesis and
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respiration.® Rising temperatures can promote com-
munity growth only if nutrients are available, as they
may increase bacterial mineralization and photomin-
eralization rates. ' Higher temperatures can also en-
hance nutrient use efficiency, '! resulting in increased
phytoplankton growth until an optimal temperature
is reached.'? Conversely, high temperatures may
reduce autotrophs’ efficiency in carbon fixation. '3
Numerous studies have linked rising temperatures to
changes in community structure, often resulting in
dominance by a limited set of species with smaller
cell sizes, which decreases phytoplankton diversity. '
Dissolved organic carbon (DOC) significantly in-
fluences the food web and ecosystem functions.'®
DOC supports heterotrophic bacteria that depend
on organic carbon for energy.'® Microorganisms
decompose DOC into CO,, raising its levels.'” Ele-
vated nutrient and CO; levels promote phytoplankton
growth. '8 CO, is the primary inorganic carbon taken
up by producers, stimulating photosynthesis. '° Many
studies indicate that the relationship between DOC
concentrations and phytoplankton biomass involves
trade-offs between light availability and nutrients; as
DOC increases, it can negatively impact phytoplank-
ton biomass because DOC absorbs light, hindering
photosynthesis and decreasing growth rates, which
leads to changes in community composition and pro-
ductivity.2°-2® Additionally, high DOC levels can cre-
ate competition between bacteria and phytoplankton,
with bacteria becoming more efficient at nutrient ab-
sorption, thereby inhibiting phytoplankton growth, %4
resulting in a shift toward mixotrophic species,?®
which can cause oxygen depletion and negatively af-
fect aquatic life. ?° The Tigris River is a vital source of
surface water, supporting diverse habitats for various
organisms, including fish and plankton.?” Our current
study aims to test the hypothesis that dissolved or-
ganic carbon input influences phytoplankton growth
across a wide range of temperatures.

Material and methods

To investigate the impact of dissolved organic
carbon (DOC) inputs on freshwater phytoplankton
growth during ongoing global warming, we con-
ducted an outdoor study spanning 21 days, from
December 7 to December 28. We used 12 clean plas-
tic enclosures of 20 liters each to simulate four sets
of conditions in triplicate: a) Control (C), b) treated
with DOC (DOC), c) subjected to heating (Tempera-
ture(T)), and d) treated with both DOC and heating
(DOC + Temperature(T)). Enclosures were spiked
with 10 mg/L glucose (CcH1206) to achieve the de-
sired DOC levels.
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The water was heated to 3°C above the average
temperature of the control enclosures using an elec-
trical system that included heat exchangers and was
equipped with sensors to monitor and achieve the
target temperature. Additionally, each enclosure was
equipped with an oxygen supply device that was oper-
ated at regular intervals during the experiment Fig. 1.
The enclosures were filled with fresh water from the
Tigris River, and samples were collected every two
days from all enclosures to examine the chemical
and physical parameters: water temperature (W.T),
pH, dissolved oxygen (DO), carbon dioxide (CO3),
nitrate (NO3™!), reactive phosphate (PO4~2), dissolved
organic carbon (DOC), and Chl-a in both the control
and treated enclosures.

Outdoor experiment work

A portable pocket thermometer was used to mea-
sure the water temperature (WT). A pen-type pH
meter (pH-009(I)A) was used to determine the pH.
The instrument was calibrated with standard solu-
tions of pH 4, 4,7, and 9 before testing. The dissolved
oxygen levels in the water were measured with a pen
oxygen analyzer (Do91Do). Initially, the device was
calibrated using 100% atmospheric oxygen. Then,
the sensor was placed in the water, and the reading
was recorded once it stabilized. The dissolved oxy-
gen results are reported in mg/l. To determine the
CO2 concentration, the titration method?® was used,
which involved titrating a 100 ml water sample with
a 0.2N sodium carbonate (Na;COs3) solution until
the pH reached 8.4. Next, an additional 100 ml was
titrated with 0.1N hydrochloric acid (HCI) until the
pH dropped to 4.2. After these steps, the total CO,
in the 100 ml water sample was calculated using the
provided Eq. (1).

CO2 =(A+B x4.4)x10) @))

(Where A Volume of titration with (0.2N) Na,COs,
and B Volume of titration with (0.1N) HCI. The results
are expressed in (uM).

Laboratory measurements

Dissolved organic carbon (DOC) was estimated by
acidifying and filtering water samples, followed by
chemical oxygen demand (COD) analysis and con-
version to DOC using Plutocalc software.?’ Nitrate
(NO_37) was measured spectrophotometrically after
adding HCI.*° Reactive phosphate (PO43") was ana-
lyzed using the ascorbic acid method with absorbance
measured at 860 nm.>! Chlorophyll a concentration
(phytoplankton biomass) was determined by filtering
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(@)

1000 ml of sample through a 0.45 pm filter, followed
by pigment extraction in 90% acetone in the dark for
18-20 hours. Spectrophotometric readings were then
taken at 665 and 750 nm, before and after acidifi-
cation with hydrochloric acid. Chl-a concentrations
were determined using Eq. (2):

g Chl — a per sample = 11.9 [2.43 (Db — Da)]
v/L)y (@)

Where Da = the optical density of the chlorophyll
extract after adding acid. Db = the optical density of
the chlorophyll extract before adding acid. V = the
volume of acetone used in the extraction. L = the
length of the photocell (cm). 32

Statistics analyses

All variables were analyzed using SPSS software.
A t-test was performed to estimate the differences
between treatments. Pearson’s correlation coefficient
(r) was used to show the relationship between phyto-
plankton biomass and physicochemical parameters.
Linear regression analysis was conducted to assess
the significance of these correlations. Additionally,
the means and standard deviations for all measured
parameters were calculated.

Results and discussion

Water temperature ranged from (5.16 + 0.09) °C
on the 10th day for control enclosures to (17.5 & 0)
°C on the 7th day for warming treatment (T) enclo-
sures, as well as dissolved organic carbon in warming

(b)

Fig. 1. Photos illustrating outdoor experiment: (a) first day of study, (b) during the treatment period.

treatment (DOC+T) enclosures Fig. 2a. Warming
treatment significantly affected water temperature (t-
test; t = -46.24, p < 0.05), while DOC treatment did
not have an effect (t-test; t = —0.68, p = 0.5).

pH ranged between (7.5 + 0.14) on the 19th day to
(9+ 0) on the 4% day for control enclosures Fig. 2b.
Warming treatment did not affect pH (t-test; t = -0.7,
p =0.4), while DOC treatment affected pH signifi-
cantly (t-test; t = 3.32, p = 0.004).

Dissolved oxygen (DO) ranged from (5.4 & 0.008)
on the 22nd day for T enclosures to (10.13 £ 0.3) on
the 10th day for DOC + T enclosures Fig. 2c. Warming
treatment significantly affected dissolved oxygen (t-
test; t = 3.5, p = 0.003), and DOC treatment also
significantly affected dissolved oxygen (t-test; t = —
5.79, p < 0.05).

CO; ranged between (0.63 £ 0.37) on the 13th day
for control enclosures to (272.8 + 21.8) on the 16th
day for (DOC+T) enclosures Fig. 2d. Warming did
not affect CO, (t-test; t = 0.91, p =0. 3), while DOC
treatment significantly affected CO, (t-test; t =-2.92,
p =0.01).

DOC ranged between (132 + 24.8) on the 7th day
for T enclosures to (11.5 + 0.86) on the 13th day for
DOC+T enclosures Fig. 2e. Warming did not affect
DOC (t-test; t = 0.17, p = 0. 8), while DOC treatment
significantly affected DOC (t-test; p = -3.22, p =
0.003). NO3! ranged between (0) on the 22nd day
for T enclosure and DOC T enclosures to (3.21 +
0.2) on the 1st day for DOC + T enclosures Fig. 3a.
Warming did not affect NOs™! (t-test; t = —0.02, p =
0. 9), and DOC treatment did not affect NO5™! (t-test;
t = 1.84, p = 0.08). PO,3 ranged between (0) on
the 1st day in all enclosures to (0.43+ 0.41) on the
13% day for control enclosures Fig. 3b. Warming did
not affect P04 (t-test; t = 0.8, p = 0. 4), and DOC
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Fig. 3. Changes in Nutrient and phytoplankton biomass during the study period.

treatment did not affect PO43 (t-test; t = 0.9, p =
0. 3). Chl-a ranged between (0.014+ 0.004) on the
19t day for T enclosures to (1.96 & 0.3) on the 19™
day for DOC+T enclosures Fig. 3c. Warming did not
affect Chl-a. (t-test; t = 1.20, p = 0 2), while DOC
treatment significantly affected Chl-a (t-test; t = 2.46,
p = 0.02). Phytoplankton biomass (Chl-a concentra-
tion) was affected by water temperature (r = 0.5 and
p-value = 0.0002) Fig. 4a, pH (r = -0.5 and p-value
= 0.001) Fig. 4b, CO, (r = 0.64 and p-value < 0.05)
Fig. 4c, DOC (r = 0.6 and p-value < 0.05) Fig. 4d,
NOs (r = 0.5 and p-value < 0.05) Fig. 5a, and PO4>~
(r = 0.5 and p-value = 0.0001) Fig. 5b. Dissolved

oxygen was affected by chl-a. Concentration (r = 0.63
and p-value,0.05) Fig. 5c.

The study demonstrated that treatment with
glucose as a source of dissolved organic carbon
(DOC) and temperature (T) had a significant
impact on the physical and chemical properties
of the water, which in turn affected phytoplankton
biomass. Both Chl-a and dissolved organic carbon
(glucose) were shown to have a significant positive
association, as demonstrated by the findings, as well
as Chl-a and CO,, whereas adding DOC promoted
phytoplankton growth. This finding is consistent
with a study that found the addition of DOC can
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Fig. 4. Relationship between environmental factors and phytoplankton biomass.

stimulate phytoplankton growth, either by enhancing
photosynthesis®® or by increasing CO, production
from microbial activity.** Elevated CO, levels lead
to increased phytoplankton biomass. *°

The results indicated that there was no effect for
warming treatment alone. However, a 3°C increase in
temperature increased the carbon-fixing capacity
of phytoplankton, with biomass being higher
in the treatment with (DOC+T). This finding is
consistent with a previous study, which showed that
warming accelerates photosynthesis and increases
the rate of cell division in algae.®® The negative
relationship between pH and Chl-a may be a result
of increased CO, concentration. The phytoplankton
benefit from increased carbon dioxide availability
in acidic waters.®” Temperature and DOC treatment
directly affected oxygen availability in the water,
consistent with recent research demonstrating their
complex influence on dissolved oxygen dynamics in
aquatic ecosystems. Warming reduces oxygen due to

decreased solubility and increased biological respi-
ration, °® while moderate additions of DOC enhanced
primary production, supporting oxygen levels. *° This
explains the positive relationship between Chl-a and
oxygen concentration, which reflects photosynthesis,
as phytoplankton were found to produce oxygen
during the day.*° While warming and DOC addition
had no significant impact on NO3 and PO4™ con-
centrations in our results, this is consistent with some
studies that have found that the effects of warming
and DOC on nutrient dynamics may be complex
and dependent on a range of environmental and
biogeochemical factors.*! However, the positive re-
lationship between Chl-a and nutrients demonstrates
that nutrient availability is a key factor controlling
phytoplankton growth.*%>*> These results provide
evidence that the addition of dissolved organic
carbon mitigated the effects of increased temperature
by increasing the abundance of carbon required for
photosynthesis.
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Conclusion

In aquatic systems, dissolved organic carbon effec-
tively supports phytoplankton growth, even at high
temperatures, by providing the carbon needed for
photosynthesis and increasing their biomass. This
suggests that the availability of organic carbon and
carbon dioxide may determine the effects of warming
on primary productivity in freshwater systems, with
nutrients and oxygen levels playing important roles
as facilitators or limiters.
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