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RESEARCH ARTICLE

Investigation of the Combined Effects of
Temperature and Nutrients on Chlorophyll-a
Concentration in the Tigris River, Baghdad

Yageen Ameen® * Jinan S. Al-Hassany

Department of Biology, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

Rivers are exposed to global warming and eutrophication, which in turn affect phytoplankton biomass in rivers. This
study investigates the changes in Chl-a concentration, an indicator of phytoplankton biomass. A microcosm experiment
was conducted, with water sampling from the Tigris River in Baghdad during the wet season. Temperature increase was
based on raising the temperature by 3 °C higher than the ambient temperature, while nutrient enrichment was based
on the mean values of soluble reactive NO31 and PO, verified in the Tigris River. Variations in Chl-a concentration are
associated with changes in WT and nutrient enrichment; NO;.1 and PO,. Our results showed that the Chl-a concentration
was 0.8 ug/1 in the control microcosm. Temperature increase led to an increase in Chl-a of Temperature microcosm 1
ng/1, enrichment of nutrient, in turn, led to an increase in Chl-a of NO;1 and PO,s microcosms to 1.2 and 0.8 ug/l,
respectively, so the temperature increase and nutrient enrichment together led to a greater increase in Chl-a of T+NO41
and T+PO,s microcosms 1.2 and 1.1 ug/l, respectively, than if it were a single effect, which constitutes the highest
concentration of Chl-a during the experiment. The effects of temperature and/ or nutrient can change the concentration
of Chl-a. Nutrient enrichment. NO;1 and PO, s, were identified as key contributors to Chl-a concentration, while warming
influences the growth of Chl-a by enhancing metabolic and photosynthetic processes under nutrient-enriched conditions.

Keywords: Chlorophyll-a, Nutrient enrichment, Phytoplankton, Temperature increase, Tigris river

Introduction

Eutrophication is the systematic response of a fresh-
water ecosystem to processing factors, particularly
nutrients from soil and the discharge of wastewater
into these water sources. Previous studies have iden-
tified different factors that promote eutrophication,
primarily chlorophyll-a, nutrients (NO31 and PO,s),
and water temperature. '»> Chlorophyll-a, an indicator
of phytoplankton biomass, ® is directly related to the
availability of (NO5: and POys).*

Tigris River, the study site, is one of the longest
rivers in the Middle East. With the country’s growing
population and expanding economic activities, the
demand for water for various uses has increased. This

has been due to the significant pressure on Iraq’s
water resources over the past twenty years, partic-
ularly in terms of the available water supply.® Iraqi
researchers focused on different ways to assess wa-
ter quality,®” while using Chl-a phytoplankton as a
biological indicator.®

Water temperature (WT) is a major factor
affecting the growth rates of phytoplankton, species
distribution, and the nutrient cycle in the water
system.’ For this study, WT in the microcosms
was changed to reflect the warming scenario as
projected by the IPCC.!'° As for nutrients, nitrate
(NO51) and phosphate (PO,:), are vital for the
growth of phytoplankton and affect chlorophyll-a, !
excessive nutrients from runoff cause eutrophication
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and harmful algal blooms,'? algal bloom can alter

aquatic food webs, which can be harmful to the life
of freshwater.'®> The enrichment of phosphorus in
the water poses a risk of future eutrophication. '*

Based on previous research and available data
for the Tigris River, water temperature (WT) and
nutrients (NO5;: and PO,:) were hypothesized to
control chlorophyll-a. '®> To understand the combined
effects of temperature and nutrients on chlorophyll-a,
we employed a microcosm experiment to investigate
this topic. The aim of the study was to elucidate
the impact on Chl-a in the Tigris River in response
to increasing warming and eutrophication, which
are assumed to enhance competitive interactions
between different phytoplankton taxa, leading to an
increase in phytoplankton biomass. So it is predicted
that the effects of combined factors may be greater
than the sum of the individual effects, which forms a
future scenario in terms of temperature and nutrient
content.

Methods and materials

Microcosm experiment design

In our study, a microcosm experiment was con-
ducted Fig. 1. Water sampling from the (AL-Gherai’at
site) was on January 8th 2025. It consisted of 18
outdoor insulated polyethene microcosms; each mi-
crocosm had a capacity of 20 L. Water sampling from
the Tigris River included three replicates of the 6
treatments. The temperature increase was based on
raising the temperature 3 °C above the ambient tem-
perature. The nutrient enrichment was based on the
mean values of soluble reactive and verified in the
Tigris River, to stimulate nutrient loading, solutions
of NaNO3 and Nay;HPOy,, (5 mg/1 and 1 mg/1, respec-
tively) were used. Each gram of NaNOs contains 0.72
grams of nitrate, so we added 100 mg of this com-
pound to each NOj: and T+NOj: treatment. Each
gram of NayHPO,4 contains 0.66 grams of phosphate,
so we added 20 mg of this compound to each PO,s,

Table 1. Methods of Physico-chemical and biological variables.
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Treatment: Control NO," PO, Temperature T+NO;™' T+PO,>

Fig. 1. Schematic representation of the experimental design.

and T+PO, treatment on the 1st day of the experi-
ment. We adjusted the pH of the medium after adding
the nutrient salts to minimize the potential effect of
sodium salts on pH and salinity, ensuring pH stability
across all treatments. Salinity remained within the
normal range for our study, and the effect of sodium
from the added salts was minimal.

Microcosms were performed as follows: (a) Ambi-
ent temperature microcosms: Control treatment (no
nutrient enrichment), NOj: treatment, and PO,:
treatment. (b) Heated microcosms: Temperature
treatment (no nutrient enrichment), T+ NOj: treat-
ment, and T +PO,s treatment.

Analytical methods

Triplicate subsamples were collected and analysed
eight times during the study period from January
8™ to February 1%t 2025, subsamples were taken
to estimate Physico-chemical variables (WT, pH,
EC, Salinity, DO, COy) in the field, while NOj1,
PO,s, DOC, and biological analysis of phytoplankton
chlorophyll-a (Chl-a, proxy phytoplankton biomass)
were analyzed in the laboratory, according to the
methods mentioned in Table 1.

Statistical analyses
Statistics were based on microcosm-specific means

and standard deviations (Mean + SD) of measured re-
sponse variables. A two-way ANOVA test was used to

Variable  Method Equation Unit Reference
WT Water Quality Multimeter (Yieryi, China) °C -
pH Water Quality Multimeter (Yieryi, China) - -
EC Water Quality Multimeter (Yieryi, China) - us/cm -
Salinity  Calculated from EC Salinity %o= EC (us/cm) x 0.00064 ppt or %o 16
DO Dissolved Oxygen Analyzer (Yieryi) - mg/1 -
CO, Titrimetric by using Na;CO3 and HCI CO; =(A+B x 4.4) x 10 uM 17,18
NO; UV-Visible Spectrophotometric - mg/1 19
PO, 3 UV-Visible Spectrophotometric - mg/1 20
DOC DOC Determination by Filtration (0.45 um)  The final value of TOC after filtering = DOC mg/1 21
Chl-a Acetone Extraction Spectrophotometer g Chl-a = 11.9 [2.43 (Db-Da)] (V/L) (1000/S) ng/l 22
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Table 2. Summary statistics (Mean + SD) of the physicochemical and biological variables were measured throughout

the study period for the microcosm experiment.

Ambient Temperature Microcosms

Heated Microcosms

Treatment

Variable Control NO41 PO, 3 Temperature T+NO31 T+PO,3
WT (°C) 16.3 £ 0.9 15.8 £ 0.8 15.6 £ 0.7 18.7 £ 0.9 194+ 1.3 20.2+£0.6
pH 8.2+0.3 7.8+ 0.6 8.3+0.2 83+0.1 8.3+0.1 8.3+0.2
Salinity (%o) 0.3 £ 0.06 0.3 £ 0.05 0.3 £ 0.05 0.4 £ 0.08 0.4 + 0.08 0.5+0.1
EC (us/cm) 576.5 +89.4  589.7 £ 90 569.9 + 87.6 638.2+ 125 669 +122.4 804.1 &+ 261.1
DO (mg/1) 7.9+ 0.4 7.7 £ 0.4 7.8+ 0.4 7.8+ 0.3 7.6 £0.5 7.24+0.7
CO2 (uM) 176.1 £13.8 181.8+26.3 178.1+12.1 187.7+19.8 192.3+21.5 209.7 + 25.8
NO;1 (mg/1) 1.7+£1.1 3.5£23 0.5+0.2 1.7 £ 0.8 47 +1.1 1.2+ 0.5
PO,3 (mg/1) 0.3+ 0.5 0.2 +0.3 1.9+ 0.6 0.06 + 0.02 0.2 £ 0.5 3.2+0.9
DOC (mg/1) 7.6 £3.2 6.4+3 71+3 7+28 8+ 3.4 59+27
Chl-a (ug/1) 0.8+ 0.5 1.2+2 0.8+ 0.5 1+0.8 1.2+0.8 1.1+1

Table 3. Two-way ANOVA analysis showing the effects of Time, Treatments, and the interactions
between them on the studied environmental variables.

Time Treatment Time x Treatment

Variable  F-value(df) p-value F-value(df) p-value F-value(df) p-value
WT 59.31(6,84) <0.0001 439.56(5,84) <0.0001 3.57(30,84) <0.0001
pH 22.28(6,84) <0.0001 9.57(5,84) <0.0001 3.28(30,84) <0.0001
Salinity 46.21(6,84) <0.0001 22.31(5,84) <0.0001 1.91(30,84) 0.01
EC 42.20(6,84) <0.0001 22.03(5,84) <0.0001 1.81(30,84) 0.01
DO 94.62(6,84) <0.0001 26.10(5,84) <0.0001 1.91(30,84) 0.01
CO, 42.11(6,84) <0.0001 23.00(5,84) <0.0001 1.65(30,84) 0.03
NO;:1 1.27(6,84) 0.27 40.32(5,84) <0.0001 0.89(30,84) 0.62
PO, 1.67(6,84) 0.13 127.95(5,84) <0.0001 0.68(30,84) 0.87
DOC 10.42(6,84) <0.0001 2.02(5,84) 0.08 1.19(30,84) 0.25
Chl-a 2.88(6,84) 0.001 0.90(5,84) 0.65 2.29(30,84) 0.02

Significance level: <0.05.

show if the variables changed significantly between
time, treatments, and interactions between them. A
standard t-test was used to test the differences in
water chemistry between the control treatment and
(NO31, PO,s, Temperature, T+ NOg1, and T+POys
treatments). Further, correlations between Chl-a and
variables were calculated by using the Pearson corre-
lation coefficient (r).

Results

Statistics (Mean + SD) of the physicochemical and
biological variables measured throughout the study
period for the microcosm experiment are presented in
Table 2. These variables changed significantly during
the study period Table 3.

Water temperature ranged between 14.3 + 0.28
°C in the control microcosm on the 14" day and 21
4+ 0 °C in the heated PO,s microcosm on the 11
day Fig. 2-a. WT value was affected by temperature
increase and/or nutrient enrichment Table 4. pH
ranged between 7 £ 0.5 in the NO31 microcosm on
the first day, and 8.6 + 0.04 in PO,: microcosm on
the last day Fig. 2-b. pH value was only affected by the

individual effect of NOg1 enrichment, but not affected
by the individual effects of PO,s, temperature,
the combined effect of T+NOj:, and T+PO,s
Table 4. Salinity ranged between 0.26 £+ 0.04 %oin
the control microcosm on the first day and 0.74 +
0.18 %oin the T+PO,s microcosm on the last day
Fig. 2-c. Salinity was affected by individual effect of
NOj1, temperature, the combined effect of T +NOg-,
and T+PO,s, but not affected by individual effect
of PO, Table 4. Electrical conductivity (EC) ranged
between 463.3 £+ 0.94 us/cm in the PO,s microcosm
on the first day and 1181.3 4+ 311.1 us/cm in the
T+PO,: microcosm on the last day Fig. 2-d. EC is
affected by temperature increase and/or nutrient
enrichment Table 4. Dissolved oxygen (DO) ranged
between 8.5 + 0.04 mg/1 in the control microcosm
on the fourth day and 6.4 &+ 0.4 mg/1 in the T+PO,
microcosm on the last day Fig. 2-e. DO was affected
by the individual effect of NO51, combined effects
of T+NO31, and T+PO,s, but not affected by the
individual effect of PO,: and Temperature Table 4.
CO, ranged between 145 £+ 40.3 uM in the NO31
microcosm on the first day and 239 4+ 2 uM in the
T+PO,s microcosm on the last day Fig. 2-f. CO, was
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Fig. 2. Physico-chemical and biological variables throughout the microcosm experiment.

affected by the individual effect of Temperature, the
combined effect of T+NOg1, and T+PO,s, but not
affected by the individual effect of NO;1 and PO,s
Table 4. NOg1 ranged between 0.22 £+ 0.05 mg/1 in
PO,s microcosm on the 18" day, and 6.9 + 2.41
mg/l in NO,;: microcosm on the 14" day Fig. 2-g.
NO5: was affected by the individual effect of NO31,
PO,s, and the combined effect of T+ NOj1, but not
affected by the individual effect of Temperature,
and the combined effect of T+PO,s Table 4. PO,
ranged between 0.04 + 0.03 mg/1in NO3: microcosm
on the 18" day, and 3.76 + 0.75 mg/l in T+PO,s
microcosm on the last day Fig. 2-h. PO, was affected
by the individual effect of NO5:1, PO,s, Temperature,
and the combined effect of T +PO,s, but not affected
by the combined effect of T +NOj: Table 4. Dissolved
organic carbon (DOC) ranged between 3.1 + 0.7 mg/1
in the T+ PO, microcosm on the 2274 day and 10.7

+ 3 mg/l in the control microcosm on the fourth day
Fig. 2-i. DOC was not affected by temperature and/or
nutrient enrichment at all Table 4.

Chlorophyll-a ranged between 0.27 + 0.1 ug/l in
the ambient temperature NO5: microcosm on the
18™ day and 3.08 + 1 g/l in the ambient temper-
ature NO51 microcosm on the fourth day Fig. 2-j.
Our results showed the concentration of Chl-a 0.8
+ 0.5 ug/l in the control microcosm. Temperature
increase led to an increase in Chl-a in the Tempera-
ture microcosm (1 + 0.8 ug/1). Nutrient enrichment,
in turn, led to an increase in Chl-a in the NO5: and
PO,: microcosms (1.2 + 2 and 0.8 + 0.5 ug/l, re-
spectively), so the temperature increase and nutrient
enrichment together led to a greater increase in Chl-a
of T+NO3:1 and T+ PO, microcosms, 1.2 + 0.8 and
1.1 + 1 pg/l, respectively, than if it were a single
effect, which constitutes the highest concentration of
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Table 4. Summary statistics (T-test); Effects of Physico-
chemical and biological variables measured throughout
the microcosm experiment.

Variable Control vs. Treatment  t-value p-value
WT NO41 3.57 0.0007
PO, 5.61 <0.0001
Temperature -15.16  <0.0001
T+NOz1 -14.05 <0.0001
T+PO,3 -24.46  <0.0001
pH NO4.1 2.78 0.005
PO,3 -1.58 0.06
Temperature -0.38 0.35
T+NO31 -0.82 0.20
T+PO,s -0.64 0.26
Salinity NO41 -3.4 0.001
PO, -0.10 0.45
Temperature -2.82 0.005
T+NOz1 -4.78 <0.0001
T+PO,3 -4.89 <0.0001
EC NO;1 -4.98 <0.0001
PO,3 3.92 0.0003
Temperature -2.81 0.005
T+NO31 -5.24 <0.0001
T+PO,s -4.84 <0.0001
DO NO41 3.74 0.0005
PO, 0.47 0.31
Temperature 0.08 0.46
T+NO31 3.42 0.001
T+PO,3 7.61 <0.0001
COy NO41 -1.40 0.08
PO,3 -0.91 0.18
Temperature -3.29 0.001
T+NO31 -4.57 <0.0001
T+PO,3 -8.07 <0.0001
NO41 NO;4 -3.79 0.0004
PO, 3 4.77 <0.0001
Temperature -1.23 0.11
T+NO31 -9.49 <0.0001
T+PO,3 1.12 0.13
PO, NO41 2.17 0.02
PO,s -10.17  <0.0001
Temperature 3.57 0.0009
T+NO31 -1.07 0.14
T+PO,3 -14.14  <0.0001
DOC NO; 1.40 0.08
PO,3 0.69 0.24
Temperature 0.38 0.35
T+NO31 -0.61 0.27
T+PO,s 1.73 0.05
Chl-a NO41 -3.44 0.001
PO,s -3.66 0.001
Temperature -2.49 0.01
T+NOz1 -3.07 0.004
T+PO,3 -2.46 0.01

Significance level: <0.05.

Chl-a during experiment Fig. 3. Chl-a was affected by
temperature increase and/or nutrient enrichment Ta-
ble 4. Chl-a was affected by WT, pH, DO, CO3, NO31,
PO,s and DOC, but not affected by salinity and EC
Table 5.

BAGHDAD SCIENCE JOURNAL 2026;23(6):2047-2055

Table 5. Effects of the Physico-chemical variables on chlorophyll-a.

Chl-a vs. Variable = Pearson correlation coefficient (r) p-value
WT 0.18 0.03
pH -0.21 0.01
Salinity -0.12 0.13
EC -0.13 0.12
DO 0.19 0.02
CO2 -0.18 0.03
NO41 0.29 0.0004
PO, s -0.17 0.04
DOC 0.41 <0.0001
Significance level: <0.05.

Treatment: Control: PO, Temperature: T+PO,™: NO,™:  T+NO;™

08ug/l  08ug/l  1pg/l  11pg/l  12pg/l  12pg/l

Fig. 3. Schematic representation of our results for Chl-a
concentration.

Discussion

Our experiment has provided a remarkably consis-
tent pattern in the short-term response of chlorophyll-
a concentrations. The cellular chlorophyll content
of phytoplankton was stimulated by both increasing
temperature and adding nutrients, an effect that was
synergistically enhanced under the combined effects
of temperature and nutrient enrichment.

The marked stimulatory effect of nitrate and phos-
phate additions on phytoplankton biomass confirmed
our expectations. However, nutrient enrichment ef-
fects on chlorophyll-a concentrations differed be-
tween the treatments and between the types of nutri-
ent (NO;1, PO,s), indicating species-specific resource
requirements. phytoplankton cells regulate their con-
tent of chlorophyll-a dependent on nitrogen availabil-
ity, % but reductions in nitrogen loading at high phos-
phorus levels may lead to an increase in chlorophyll-
a and a decrease in water clarity, resulting in a clear
deterioration in water quality,?* combination of high
temperatures and phosphorus loading stimulated the
maximum biomass built by the phytoplankton com-
munity, *° these mainly reflected in nutrient-enriched
microcosms, while low chlorophyll-a concentrations
are reflected in nutrient-poor microcosms (Control
and Temperature microcosms).
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The short duration of our experiment may have
prevented individual phytoplankton populations and
communities from fully adapting to the increased
temperatures, thus affecting the phytoplankton
biomass’s response to warming. Conversely, sudden
temperature changes can exacerbate negative growth
effects, particularly in the context of global warming,
precisely because thermal acclimatization requires
longer exposure periods. 2°

Warm water promotes the growth of phytoplank-
ton,?” and this was mainly reflected in heated
microcosms. However, in this study, chlorophyll-a
concentration decreased in some heated microcosms
as WT increased, possibly because WT exceeded that
which is suitable for the growth of most phytoplank-
ton, and high WT began to inhibit phytoplankton
photosynthesis. ?®

An increase was observed for pH value during the
experiment; mild alkaline conditions may result in
elevated chlorophyll-a.?° An increase was observed
for salinity and EC during the experiment. Our studies
indicated that salinity and EC have no significant
effect on chlorophyll-a, which could be attributed to
the complicated interplay between several environ-
mental elements (WT, pH, DO, and carbon sources)
with species composition and ecological dynamics. *°
A decrease was observed in the DO concentration dur-
ing the experiment. Although DO was high in the first
days of the experiment due to low organism activ-
ity under low temperature such as respiration.*' An
increase was observed for CO; concentration during
the experiment, high CO, leads to increasing phyto-
plankton biomass. > DOC influences algal blooms and
overall ecosystem health. >3

To isolate the impact of the altered variable on
chlorophyll-a concentration, all environmental vari-
ables were held constant in this study. As a result,
changes in chlorophyll-a concentration primarily rep-
resent the responses of phytoplankton and may also
be affected by other biotic factors, such as zooplank-
ton grazing and interspecies interactions, which were
not examined in our study. Future studies should in-
clude the structure and abundance of phytoplankton
and zooplankton communities to better illustrate the
ecosystem responses.

Conclusion

A study proved that temperature increase and/
or nutrient enrichment influence physicochemical
variables, which in turn influence chlorophyll-a
across a microcosm experiment. Nutrient enrich-
ment; NOz1 and PO,s, identified as the main
contributors to chlorophyll-a concentration, while
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temperature affects chlorophyll-a growth by enhanc-
ing metabolic processes and photosynthesis under
nutrient-rich conditions. The relationship between
elevated temperature and/ or nutrient enrichment
and chlorophyll-a may be more complex under cli-
mate change and eutrophication. Furthermore, the
experimental study designs can’t accommodate the
complexity of freshwater ecosystems. Furthermore,
studies are needed to integrate the experimental
method and field observation to better understand
the impacts of climate change on aquatic ecosystem
dynamics.
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