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A B S T R AC T
Objective: To evaluate the effect of some different water temperatures on growth of aquatic
plants (Salvinia natans and Ceratophyllum demersum).
Methods: The aquatic plants were brought from Shatt Al-Arab River in 2016. Equal weights of
aquatic plants were aquacultured in aquaria, and were exposed to three different temperatures (
12, 22 and 32 °C).
Results: The results showed that the two plants did not show significant differences with
respect to their effects on pH and electrical conductivity values. Time and temperature did
not affect the values of pH and electrical conductivity. The values of dissolved oxygen was
significantly influenced with variation of time and temperature, while the two plants did not
have significant differences on dissolved oxygen values, nitrate ion concentration and was not
significantly influenced with variation of plant species or temperature or time. Plant species
and temperature significantly affected phosphate ion concentration, while the time did not
significantly influence the concentration of phosphate ion. Chlorophyll a content and biomass
were significantly influenced with the variation of plant species, and temperature .
Conclusions: Aquatic plants has a species specific respond to temperatures change in their
environment. Water plant, Ceratophyllum demersum is more tolerant to temperatures change
than Salvinia natans.

1. Introduction
Water temperature affects plants in many ways. A change of
temperature alters metabolic activity and even affects aquatic
ecosystems. From house plants to aquatic plants, water temperature
plays a part in growth and development. Water temperature affects
the metabolic activity of plants, slowing activity under cool
conditions[1]. All plant growth and development is influenced by
temperature and plants vary regarding the temperature range in
which they can grow[2,3]. It is well known that diurnal temperature
fluctuations in water can be much less than on dry land but this is
dependent on the volume of water[3].
The use of aquatic plants for remediation of aquatic ecosystems
has received increasing attention. Many investigations have been
conducted to proved the effectiveness of aquatic plants in remediation
such as to remove heavy metal[4], arsenic[5], copper, nickle and
zinc [6]. To achieve more effective function in managing such
polluted aquatic ecosystem, choosing the most suitable aquatic plant
species is significantly important. Several aquatic plant characters
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are used to test their effectiveness for remediation including oxygen
production and consumption, growth or photosynthesis rate and
salinity tolerance. The purpose of this research is to investigate the
effects of temperature on two aquatic plants in order to determine the
effectiveness of using this plant species for water managements, such
as in producing oxygen, and pollution removal in aquatic ecosystem
which has led to be used in aquacultures management.

2. Materials and methods
The aquatic plants [Salvinia natans (S. natans) and
Ceratophyllum demersum (C. demersum)] were brought from Shatt
Al-Arab River to the laboratory. They were washed to clean from
the dirt and materials attached. Then, equal weights of aquatic
plants S. natans and C. demersum were aquacultured in aquaria
of the same sizes. The three different temperatures (12, 22 and 32
°C) were selected for the experiment. Water chemical and physical
measurements, biomass, chlorophyll a content of the two plants
were also done. The aquatic plants were checked using Iraq-specific
references (e.g. Al-Sa’ady and Al-Mayah 1983)[7].

2.1. Culturing process
Two local species of aquatic plants, S. natans and C. demersum
were cultured in 1-L glass containers. These containers contained
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cleaned dechlorenated tap water. Each species of the two plants in
a set of four duplicated containers were adjusted for 12, 22 and 32
°C treatments. Sampling were carried out for physical, chemical
analysis before and after the experiment.

2.2. Physical analyses
Temperature and electrical conductivity was measured by using
Ysi apparatus , model 556.

2.3. Chemical analyses
The concentration of dissolved oxygen was measured according to
Azide modification in Winkler, a method and described by Lind[8]
and the product was expressed in mg/L, pH was measured by using
Ysi apparatus, model 556. The phosphate were measured by the
method that was described by Murphy and Riley[9]. The nitrate and
nitrite ions were colorimetrically determined by using cadmium pole
as it was mentioned in American Public Health Association[10].
At the end of the experiment chlorophyll a and biomass were
measured, by taking 5 g of the aquatic plant and crushed by
porcelain mortar with 10 mL of 90% acetone and was left in
refrigerator for 24 h after surrounding the vials with aluminum foils,
the filtrate was measured on 665 and 750 nanometer wavelengths,
by using spectrophotometer (Hitachi type, 4-1500 model). After
that two drops of 2 mol/L HCl were added to each sample, then
the measurements of absorption were repeated using the same
above mentioned wavelengths, according to Lorenzen, s equations
(Vollenweider, 1971)[11]. F test was used to test the data.

3. Results
After 7 days of aquaculturing the two plants S. natans and C.
demersum (Tables 1, 2), the highest value of nitrate ( 43.29 ) µg/
L was in 32 °C aquarium of C. demersum and the least one 0.80
μg/L was in 12 °C aquarium of S. natans, while the highest value
of nitrite (13.63) µg/L was in 32 °C aquarium of C. demersum
and the least value of it (0.56) µg/L was in 12 °C aquarium of S.
natans. The highest value of phosphate (6.53) mg/L was in 32 °C
of C. demersum and the least value of it (1.47 )mg/L was in 22 °C
aquarium of C. demersum.
After 14 days of aquaculturing the two plants S. natans and C.
demersum, (Tables 3, 4) the highest value of nitrate (4.34) µg/L was
in 22 °C aquarium of C. demersum and the least value of it (1.62 )
µg/L in 12 °C of S. natans, while for the nitrite the highest value of
nitrite (13.13) was in 22 °C aquarium of C. demersum and the least
value of it (4.50) µg/L was in 12 °C aquarium of S. natans, while
for phosphate the highest value of phosphate (6.60) mg/L was in
12 °C of C. demersum and the least value of it (1.58 ) mg/L was in
22 °C aquarium of S. natans. After finishing the experiment that
lasted fourteen days, S. natans was more efficient than C. demersum,
because the aquaria that contained S. natans at 12 °C and 22 °C
showed nitrate, nitrite and phosphate values less than the ones of C.
demersum aquaria.
Significant differences were not found between the two the plants
with respect to their effects on pH and electrical conductivity
values. Time and temperature did not affect the pH and electrical
conductivity. The values of dissolved oxygen was significantly
influenced with time and temperature differences, while the plants
did not have significant differences on dissolved oxygen values.
Nitrate ion concentration was not significantly influenced with plant
or temperature or time or variation. Plant species and temperature
significantly influenced phosphate ion concentration, while the time

did not significantly influence the concentration of phosphate ion.
Table 1
Physicochemical characteristics of water media that were used for
aquaculturing of aquatic plants after seven days .
Aquatic plant Temperatue
Electrical
conductivity (ms)
(°C )
S. natans
12
3.1
C. demersum
3.0
S. natans
22
3.0
C. demersum
2.9
S. natans
32
4.4
C. demersum
5.5

pH
5.8
4.7
5.5
5.5
5.4
5.8

Dissolved oxygen
(mg/L)
10.5
10.3
5.3
4.5
4.3
4.8

Table 2
Water physicochemical characteristics of water media that were used for
aquaculturing of aquatic plants after seven days .
Aquatic plant Temperature (°C ) NO3 (µg/L)
S. natans
12
0.80
C. demersum
6.17
S. natans
22
7.64
C. demersum
13.40
S. natans
32
11.14
C. demersum
43.29

NO2 (µg/L) PO4 (mg/L)
0.56
5.31
2.19
5.09
2.65
2.90
4.42
1.47
3.73
1.64
13.63
6.53

Table 3
Physicochemical characteristics of water media that were used for
aquaculturing of aquatic plants after fourteen days .
Aquatic plant
S. natans
C. demersum
S. natans
C. demersum

Temperature
(°C )
12
22

Electrical
conductivity
3
3
3
3

pH
4.8
4.6
5.3
5.3

Dissolved oxygen
(mg/L)
7.5
7.7
4.5
4.7

Table 4
Water physicochemical characteristics of water media that were used for
aquaculturing of aquatic plants after fourteen days.
Aquatic plant Temperature (°C ) NO3 (µg/L) NO2 (µg/L) PO4 (mg/L)
S. natans
12
1.62
4.50
3.90
C. demersum
4.31
13.03
6.60
S. natans
22
3.74
11.35
1.58
C. demersum
4.34
13.13
3.90

The chlorophyll a contents and biomass of aquatic plants, S. natans
and C. demersum were shown in Figures 1, 2. S. natans produced
chlorophyll a and biomass contents in 12 and 22 °C aquaria in
amounts higher than those of C. demersum, but 32 °C was more
suitable for both aquatic plants. The content of chlorophyll a and
biomass for the two aquatic plants were significantly influenced with
the variation of time, plant species and water temperatures.
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Figure 1. Variation of the chlorophyll a content and biomass of S. natans.
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Figure 2. Variation of the chlorophyll a content and biomass of C. demersum.

4. Discussion
Chlorophyll a concentration is an indicator of phytoplankton
abundance and biomass in coastal and estuarine waters. They
can be an effective measure of trophic status[12], and potential
indicators of maximum photosynthetic rate (P-max) [13] and
are a commonly used measure of water quality. High levels of
chlorophyll a concentration often indicate poor water quality
and low levels often suggest good conditions. However, elevated
chlorophyll a concentrations are not necessarily a bad thing. It
is the long-term persistence of elevated levels that is a problem.
For this reason, annual median chlorophyll a concentrations
in a waterway are an important indicator in State of the
Environment[14]. It is natural for chlorophyll a levels to fluctuate
over time. Chlorophyll a concentrations are often higher after
rainfall, particularly if the rain has flushed nutrients into the water.
Higher chlorophyll a levels are also common during the summer
months when water temperatures and light levels[15].
In aquatic ecosystems, native, submerged macrophytes may
produce more biomass in highlight availability conditions
compared with non-native species[16] and in contrast, climatic
change is able to modify environmental conditions, resulting in
community restructure[17], and both native and non-native species
may alter their response to such condition[18]. Environmental
conditions also affect biotic interactions, including competition[19].
The competition between native and non-native species. For
example, temperature increase and nutrient loading favor nonnative species, which then limit native species in European aquatic
systems, which suggests that global warming can increase nonnative dominance [20]. Moreover, with rising temperatures, the
growth rate of invasive species may increase at twice the rate of
native species[21].

Conflict of interest statement
We declare that we have no conflict of interest.

References
[1]

 enahan M. How does water temperature affect plants. 2016. [Online]
L
Available from: http://www.ehow.com/info_10071025_watertemperature-affect-plants.html [Accessed on 10th May, 2016]
[2] Tsutsui I, Miyoshi T, Aue-Umney D, Songphatkalu J, Meenan C,

15

Klomkling S, et al. High Tolerance of Chaetomorpha sp. to salinity
and water temperature enable survival and growth in stagnan waters of
Central Thailands. Int Aquat Res 2015; 7: 47-62.
[3] C
 arter V, Rybick NB, Schulman CL. Effect of salinity and temperature
on germination of monoecious Hydrilla propagules. J Aquat Plant
Manag 1987; 25: 54-7.
[4] Ganjo DGA, Khwakaram AI. Phytoremediation of wastewater using
some of aquatic macrophytes as biological purifiers for irrigation
purposes. Int J Environ Chem Ecol Geol Geophys Eng 2010; 4: 222-45.
[5] Rahman MA, Hasegawa H. Aquatic arsenic: phytoremediation using
floating macrophytes. Chemosphere 2011; 83: 633-46.
[6] Hammad DM. Cu, Ni and Zn phytoremediation and translocation by
water hyacinth plant at different aquatic environments. Aust J Basic Appl
Sci 2011; 5(11): 11-22.
[7] Al-Sa’ady HA, Al-Mayah AA. [Aquatic plants of Iraq. Center for the
Arab Gulf]. Basrah, Iraq: University of Basrah; 1983. Arabic.
[8] L
 ind, O.T. Handbook of common methods in limnology.The C.V.
Mosby. Louis. 1979; 199pp.
[9] Murphy I, Riley JP. A single solution method for the determination of
soluble phosphate in sea water. J Mar Biol Ass UK 1958; 37: 9-14.
[10] A merican Public Health Association, American Water Works
Association, Water pollution Control Federation. Standard methods for
examination of water and wastewater. 18th ed. Washington: American
Public Health Association, American Water Works Association, Water
pollution Control Federation; 1994.
[11] Vollenweider RA. Manual on methods for measuring primary
production in aquatic environments. IBP handbook No 12, Oxford and
Edinburgh: Blackwell Science Ltd.; 1971, p. 213 .
[12] Whiteman JB, Room PM. Temperatures lethal to Salvinia molesta
Mitchell. Aquat Bot 1991; 40: 27-35.
[13] Harley KLS, Mitchell DS. The biology of Australia weeds Salvinia
molesta D.S. Mitchell. J Aust Inst Agric Sci 1981; 67-76 .
[14] Wetzel RG. Limnology. 2nd ed. Philadelphia, PA: Saunders College
Publishing; 1983, p. 766.
[15] Ozcoasts. Chlorophyll a concentrations. Canberra: Ozcoasts; 2013.
[Online] Available from: http://www.ozcoasts.gov.au/indicators/
chlorophyll_a.jsp [Accessed on 10th May, 2016]
[16] Sousa WTZ, Thomaz SM, Murphy KJ. Response of native Egeria
najas Planch. and invasive Hydrilla verticillata (L.f.) Royle to altered
hydroecological regime in a subtropical river. Aquat Bot 2010; 92: 40-8 .
[17] J iménez MA, Jaksic FM, Armesto JJ, Gaxiola A, Meserve PL,
Kelt DA, et al. Extreme climatic events change the dynamics and
invasibility of semi-arid annual plant communities. Ecol Lett 2011; 14:
1227-35.
[18] Wenger SJ, Isaak DJ, Luce CH, Neville HM, Fausch KD, Dunham
JB, et al. Flow regime, tem-perature, and biotic interactions drive
differential declines of trout species under climate change. Proc Natl
Acad Sci U S A 2011; 108: 14175-80
[19] S tiers I, Njambuya J, Triest L. Competitive abilities of invasive
Lagarosiphon major and native Ceratophyllum demersum in
monocultures and mixed cultures in relation to experimental sediment
dredging. Aquat Bot 2011; 95: 161-6.
[20] Netten JJC, Arts GHP, Gylstar R, Van Nes EH, Scheffer M, Roijackers
RMM. Effect of temperature and nutrients on the competition between
free-floating Salvinia natans and submerged Elodea nuttallii in
mesocosms. Fundam Appl Limnol 2010; 177: 125-32 .
[21] Baruch Z, Jackson RB. Responses of tropical native and invader C4
grasses to clipping, fire, and increased CO2 concentration. Oecologia
2005; 145: 522-32 .

