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Abstract. This study aims to determine some physical and chemical factors and their impact
on the abundance and distribution of some submersible aquatic plants for four selected stations
in the southern marshes, two stations in the Eastern Hammar marshes (Al-Burga and Al-Sada)
and two stations in the Al-Chebiyesh marshes (Abu- Sobat and Al-Baghdadia). Water and
plant samples were collected seasonally during the year 2018. The water temperature, electrical
conductivity, water depth were estimated physical variables, dissolved oxygen, nitrate, and
phosphate concentration as well as chemical variables for water samples, as well as estimation
of biomass, percentage of vegetation cover, and frequency of submerged plant species. The
results showed that the highest water temperature was 34.45 °C in the Abu Sobat station during
the summer, while the lowest temperature was recorded at 10.85 °C in the Al-Burga station
during the winter. The highest depths of water during the winter in the Al-Sada station and the
lowest depths in Al-Baghdadia station during the summer. The lowest value of dissolved
oxygen was 4 mg/L in Al-Baghdadia during the summer, while the highest value was 9. The
biomass, vegetation cover, and frequency were estimated for four plant species, which are the
most present and widespread in the various study stations, which are includedCeratophyllum
demersum, Myriophyllum spicatum, Najas marina, Potamogeton perfoliatus. The percentage of
similarity between the different study stations was also calculated.

Keywords. Al-Hammar Marsh, Al-Chebiyesh marsh, Aquatic plants, Physical and chemical
parameters.

1. Introduction

The study of the physical and chemical characteristics of water is an urgent necessity, since water is
the basic environment for aquatic organisms, including aquatic plants, which are affected by a group
of environmental factors that include physical factors (which include light, temperature, and water
movement), chemical factors that include nutrients, salinity, dissolved gases, pH [1]. Biological
factors (grazing, competition, productivity, and human intervention), these factors have independent or
overlapping effects on plant distribution, diversity, and productivity [1,2]. Temperature is one of the
main factors affecting the aquatic environment and the living organisms, and it contains in particular,
and any change to this factor from the normal limit leads to a change in the activity and effectiveness
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of living organisms, it leads to flowering and growth of plants increased in the spring and summer
seasons due to the increased activity of the photosynthesis process, and the temperature also works to
determine the depth at which the plants grow. Temperature may be a limiting factor for plant growth
[3]. The decrease in the seasonal growth of aquatic plants results from a decrease in temperature [4].
Plant productivity decreases with a decrease in temperature due to a decrease in photosynthesis rates
[5], while [6] indicated that the increase in a sudden temperature may cause premature aging of plants
through its effect on the germination process, while many researchers showed that aquatic plants have
the ability to adapt to heat [7, 8, 9]. Sparganium emersum grows during summer while some aquatic
plant species such as Luronium natans (L.) Raf., Berula erecta Huds., Hippuris vulgaris L. They are
evergreen and reproduce during the winter in cold waters [10].

The pH is one of the most important environmental characteristics that affect the survival, metabolism,
physiology and growth of various aquatic organisms [11], it has an important role in the aquatic
environment, which is evident through its effect on organisms that live in specific ranges of pH
[12,13], showed that pH represents a determining factor for the growth and composition of plant
communities, In Ohio, the pH values of the Lamnaceae family in rivers are between (5.6-8.8) and the
species die at a pH of 2.1. The pH is an important factor in determining the richness of plant species in
Lake Finnish Hiidenvesi [14], while [15] demonstrated that Apium nodiflorum Lag presence was
associated with an inverse relationship with the pH values, and it was found to grow within a range
between (5.1-8.8).

The source of dissolved oxygen in water surfaces is the atmosphere, and aquatic plants play a role in
supplying water with it through the process of photosynthesis [16], and oxygen gas is of particular
importance to many aquatic organisms [17], importance of the dissolve oxygen in water is regulates
the bio actions of aquatic organisms and is indispensable even if its concentration drops below a
certain level to sustain aquatic life [18]. Dissolved oxygen is one of the environmental factors that
clearly affected the distribution of aquatic plants within 28 lakes belonging to the Karst region in
Slovenia [19]. The density of plant species was observed in areas with high concentrations of oxygen
and its absence at low concentrations, which ranged between (0.2-14) mg / L. [20] mentioned that
there is a gradient in the photosynthesis process of plant species due to changes in oxygen
concentration in one of the coastal lakes in western Greece.

The distribution and growth of aquatic plants is related to the level of nutrients in the environment,
especially nitrate and phosphate [21]. Many studies have shown that high levels of nutrients can cause
significant changes in the composition, density and richness of aquatic plant species in water surfaces
[22-24]. Species richness, and vegetation composition of the submersible plants decrease in the lower
part of the Danube River due to eutrophication [25]. Although many nutrients are involved in plant
growth, nitrogen and phosphorus are the main elements required for the growth of aquatic plants, and
their availability controls primary productivity in freshwater ecosystems, lakes and seas, the
concentration of nitrates is a determining factor for the productivity of phytoplankton and aquatic
plants in wetlands, while phosphates are a determining factor for the productivity of phytoplankton in
seas and lakes due to the difference in depths, as the depth of the marshes is shallow in the marshes,
this allows phosphates to return to the water column when the movement of light waves due to the
wind [26]. several of studies were conducted in the marshes of East Al-Hammar and Al-Chebiyesh in
the southern part of Iraq, dealing with the water quality and submerged aquatic plants, their
quantitative characteristics, and the Influence of environmental factors on their diversity and presence
in those areas, such as [1,2,18,34,43-46].

2. Materials and Methods

2.1. Study Stations

The study was done in the college of science, Department of Biology, Basrah University. Four
different stations were chosen in the southern marshes (Fig. 1). Two stations were in the eastern Al-
Hammar marshes, namely Al-Sada and Al-Burga, and two stations in the Al-Chebiyesh marshes,
namely Abu Sobat and Al-Baghdadiya. The coordinates of these stations were determined using a
device GPS as shown in the (Table 1; Figure 1).
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Table 1. Coordinates of the study stations.

T Station Coordinates

1 Al-Sada N30°36.556'E047°40. 276
2 Al-Burga N30°41.067' E 047°34. 955'
3
4

Abu-sobat  N30°58.694' E 047°02. 436'
Al-Baghdadiya N31°02.931' E 047°02. 198"

Al-Baghdadiya
e g y

.....

Abu-sobat
) Al-Sada

.

‘m.AI-Burga

Figure 1. A map showing the study stations.

2.2. Samples Collection

Samples were collected to study the environment and diversity of aquatic plants from different study
stations during daylight hours quarterly for the period from February 2018 to December 2018.
Polyethylene bottles were used to collect water samples with three replicates from each station, which
were taken randomly, then the samples were placed in a container dark and transported to the
laboratory and kept at a temperature of 4 © C. Samples of aquatic plants were collected after washing
them with marsh water suspended matter. They were kept in large plastic bags. All information of
plant species, place and date of collection was recorded, and then kept in the herbarium of the
University of Basrah (BSRA) in the College of Science / University of Basrah.

2.3. Measure Environmental Factors

2.3.1. Water Temperature

A mercury thermometer with a scale of (0-100)° C was used to measure the air and water temperature
in the study stations. The air temperature was measured in the shade, while the water temperature was
measured by immersing the thermometer under the surface of the water for a period of 5 minutes.

2.3.2. Electrical Conductivity
The measurement of electrical conductivity and salinity of the studied stations by using a field
aperture type (WTWMULTi350) in units of millisiemens/cm for conductivity ppm for salinity.
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2.3.3. Depth
Water depth was measured by using a long stick, and express the result in centimeters (cm).

2.3.4. Dissolved Oxygen
To measure dissolved oxygen used the Azide method with some modification of Winkler's method
[27], and yield was expressed in mg/L units.

2.3.5. Reactive Nitrate
Reactive nitrate was estimated according to the method described in [27]. using a spectrophotometer at
wavelengths of 220 and 275 nm.

2.3.6. Reactive Phosphate

Reactive phosphate was measured according by [27]. Adding 5 milliliters of the reagent consisting of
(ammonium molybdate, ascorbic acid, and antimony potassium tartrate and then sulfuric acid to water
and then filtered samples and left for 15 minutes until the appearance of blue color, and the absorbance
was read by a spectrophotometer at 700 nm.

2.4. Quantitative Characteristic of Aquatic Plant Samples

2.4.1. Plant Biomass

The biomass of plants was estimated according to [28], collecting plant located inside a square
(Quadrate) (1 m?) by cutting it with a knife, then they were transported to the laboratory and dried by
air, then the samples were weighed after drying them several times until the weight was stable.

2.4.2. Vegetation Plant Cover %
The percentage of vegetation plant cover for the type was calculated by the percentage of vegetation
plant cover for one species to the number of squares studied according [29].

2.4.3. Frequency
The percentage of frequency was estimated (%).

2.4.4. Similarity
The similarity was calculated according [30] Jaccard as following:

J=a/(atb+c)

J = evidence of similarity, a = the number of common species between the two stations, b = the
number of plant species present in the first station and not present in the second station, ¢ = the
number of species present in the second station but not present in the first station.

2.5. Statistical Analysis
Statistical software was used SPSS (version 22) was used to find the statistical differences between the
study stations and seasons and the correlation between the studied environmental factors.

3. Results

3.1. Water Temperature

The water temperature varied during the study period and for all stations, the highest temperature was
34.4°C recorded during the summer in Abu Sobat, while the lowest was 10.58°C recorded in the
winter in Al-Burga station (Figure. 2). The results of the statistical analysis showed that there were
significant differences (p > 0.05) in the water temperature between the seasons and the study stations,
respectively.
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Figure 2. Seasonal changes in water temperatures for the study stations.

3.2. Electrical Conductivity

The highest value of electrical conductivity was 20.4 mS/cm recorded in the summer of 2018 in Al-
Burga station, while the lowest value recorded 2.05 mS/cm recorded in the winter in Baghdadiya
(Figure. 3). The results of the statistical analysis confirmed the existence of clear significant
differences. p<0.05) between the stations of the study seasons.

Electrical Conductivity (mS fcm)
=
=]

Al-Sada
=#=A|-Burga
Abu-Sobat
° Al-Baghdadia

spr.2018 sum.2018 aut.2018 win 2018

seasons

Figure 3. Seasonal changes in the electrical conductivity of the study stations.

3.3. Water Depth

The depth varied between 95-625 cm in eastern Al-Hammar, while they varied between 45-200 cm in
Al-Chibayish. The lowest value was recorded in Al-Baghdadia during the summer and the highest in
Al-Sada in the winter. The results of the statistical analysis showed that there were significant
differences (p<0.05) between the seasons and study stations (Figure, 4).
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Figure 4. Seasonal changes in water depth for the study stations.

3.4. Dissolved Oxygen

The highest value of dissolved oxygen was 9.45 mg/L at Abu Sobat station in the spring, while the
lowest values were 4.18 mg/L recorded during the summer at Al-Baghdadiastation (Figure. 5), and it
was found that there were significant differences (p<0.05) between stations and seasons.

10
95
9
85
8
7.5

Dissolved Oxygen (mg/L)

-l
\ Al-5ada
\\ =#=A|-Burga

Abu-Sobat
Al-Baghdadia

spr.2018 sum.2018 aut.2018 win 2018

seasons

Figure 5. Seasonal changes in dissolved oxygen for the study stations.

3.5. Nitrate Measurement

The results of effective nitrates are shown in (Figure, 6). The nitrate values increased during the
summer of 2018 for all stations, as the highest value reached 4.45 mg/L in Abu Sobat station, while
the lowest value was 2.55 mg/L during the spring in Al-Baghdadia station. Statistical analysis
indicated that there were significant differences. clear (p<0.05) between the stations and seasons.
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Figure 6. Seasonal changes in nitrates for the study stations.

3.6. Phosphorus Measurement
The highest value of active phosphate was 0.84 mg/L recorded during the summer at Al-Burga station,
while the lowest value was recorded at Al-Baghdadia station during the spring 0.235 mg/L (Figure, 7).
It was found from the statistical analysis that there are significant differences (p<0.05) between the
values recorded for all stations.

0.9
0.85
0.8
0.75

0.7 Al-Sada

0.65
06 =#=A|-Burga

0.55 Abu-Sobat
0.5

0.45 Al-Baghdadia

0.4

035 \
03 / :

025 .

0.2

Phosphate (mg/L)

spr.2018 sum.2018 aut.2018 win 2018

seasons

Figure 7. Seasonal changes in phosphate for the study stations.

3.7. Biomass

The results of biomass are shown in (Figure, 8). The plant species varied in the values of the biomass,
and this variation was observed along the two study sites and seasons, the highest values were
recorded C. demersum in the spring season in Al-Chebiyesh marsh, while the lowest values were 0 in
N. marina in the eastern Al-Hammar during the spring andM. spicatumIn the east Al-Hammar during
the winter and the Al-Chebiyesh also during the summer, autumn and winter. The statistical analysis
showed that there were significant differences (p < 0.05) between the values recorded for the two
marshes during the study period and the seasons.
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Figure 8. Seasonal changes in average plant biomass.

3.8. Vegetation Cover

The results are noted in (Figure, 9), the highest rate of vegetation coverage was recorded in C.
demersum during the spring season in Al-Chibayish, when the coverage was zero for vegetationV.
marinaln the eastern Al-Hammar in the spring season and M. spicatumin the east Al-Hammar during
the winter and the Al-Al-Chebiyesh during the winter, autumn and summer, and the results of the
statistical analysis showed that there were significant differences (p<0.05) between the two marshes
and the four seasons of the year.

100
90
80 __
70 §'
o
60 4
50 8
40 E
30 *
20
h o
0
win.2018 aut.2018 sum.2018 spr.2018
seasons
B C.dem East Hammar B C.dem Chebiesh = M.spicatum East Hammar = M.spicatum Chebiesh
B N.marina East Hammar B N.marina Chebiesh M P.perfoliatus East Hammar B P.perfoliatus Chebiesh

Figure 9. Seasonal changes in average vegetation cover in the marshes study.

3.9. Frequency

Figure (10) shows the seasonal changes in the average frequency of submersible plant species. The
highest frequency was recorded C. demersum in spring is in Al-Chebiyesh marshes, while the lowest
frequency is recorded in N. marinaln the eastern Al-Hammar in the spring and M. spicatum in eastern
Al-Hammar during the winter and in Al-Al-Chebiyesh during the summer, autumn and winter seasons,
and the statistical analysis showed significant differences (p<0.05) between seasons and marshes of
the study.
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Figure 10. Seasonal changes in the rate of plant frequency.

3.10. Similarities
It is noted from Table (2) that the highest similarity rate of was recorded between Al-Sada and Abu-
sobat stations 48.6%, and the lowest similarity rate was 15.6% between Al-Sada and Al-Baghdadia
stations.

Table 2. Similarity percentages between the study stations.

Station Al-Sada Al-Burga Abu-Sobat Al-Baghdadia

AL-Sada 100
AL-Burga 25 100
Abu-sobat 48.6 28.6 100
Al-Baghdadia  15.6 40 22.2 100

4. Discussion

Temperature is one of the environmental factors affecting the growth and activity of aquatic plants
through its impact on the ecosystem, as the variation in temperature causes some changes in the
qualitative composition of the plant assemblages. of aquatic plants and in different seasons. This was
evident in the results of the current study. The recorded temperatures purified the water during the
study period, clear seasonal and local changes, and it ranged between (8-10) C in the pond and (4-34)
C in Abu Sobat, respectively, and this temperature It reflects the nature of the atmosphere prevailing in
the region during the summer and winter seasons, which is known for its high temperature in summer
and its extremes and lows in winter, reaching its lowest level. These results are consistent with many
other studies [3,31,32,33].

Electrical conductivity is a measure of the dissolved salts in the water. The seasonal changes in the
values of electrical conductivity were clear during the study period. The lowest values were recorded
during the winter at Abu Sobat station. The reason may be due to the increase in water discharge as a
result of rain and the lack of evaporation rates, which led to the dilution of water salinity and the
reduction of water values. Salinity during the tidal process and the decrease in the water level in the
Shatt al-Arab, and therefore the scarcity of water, its weak movement and its exposure to high
evaporation, as well as the spread of marshes over large areas and the shallowness of the water column
are all factors that lead to an increase in electrical conductivity values, and this is consistent with a
study [18,34].

The depth of the water is one of the factors affecting the distribution of aquatic plants in general and
submersible plants [35] and the results of this study showed the presence of seasonal changes in its
measured values in the different study stations. The Chibayish Marsh of the fourth station
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(Baghdadiya) because of the shallowness of the water column in the marshes, as well as the decrease
in the Euphrates water supply feeding the central marshes, including the Chibayish, during the study
period. The difference in the depth values recorded in previous studies was noted [18,32,34] With
what was recorded in the current study for the same regions and according to the study period and
circumstances.

Dissolved oxygen has a vital role in preserving aquatic life and is vulnerable to slight environmental
changes. It is one of the important factors inferring water quality and organic pollution of the water
body [36, 37]. In the current study, the highest value of dissolved oxygen was recorded and amounted
to 9.45 mg/L during the spring season in Abu Sobat, as this station has running and continuous water
in addition to the presence of aquatic plants in it, while the lowest values were 4.18 mg/L in Al-
Baghdadia during the summer due to the high temperature water, which increases the rate of
decomposition of organic matter and the speed of its consumption by organisms under these hot
conditions, and therefore a negative and significant correlation of oxygen was found with the water
temperature (r = - 0.642, p < 0.01). Pathani (1995) indicated that the decomposition of organic matter
at the bottom in the summer leads (in addition to the liberation of high amounts of carbon dioxide) to a
high penetration of oxygen content as a result of the aerobic decomposition of organic pollutants, and
the increase in sediment levels hinders the process of photosynthesis and thus decreases oxygen level,
this agree with some previous studies [32,34,37,38].

Nitrate is one of the main nutrients in the aquatic environment, which represents the dominant form of
inorganic nitrogen, and an increase in its concentrations in water leads to the phenomenon of
eutrophication, as its values rarely exceed 10 mg / liter in natural water [28, 33]. The results of the
statistical analysis showed significant differences in nitrate values between seasons and all locations.
As the values recorded a significant increase during the summer season for all stations and were the
highest in the pond due to its impact on the water coming from the Shatt al-Arab being the main feeder
of the Hammar marsh, as the reason for the high nitrates in that station can be attributed to the
decrease in river discharge of the Shatt al-Arab feeding the Hammar Marsh and the increase in the
concentration of pollutants entering the river Directly or through the sub-channels associated with the
Shatt Al-Arab, which receive large quantities of domestic, agricultural and industrial waste and
wastewater that are rich in their content of nitrogenous compounds, and these compounds can undergo
an oxidation process by microorganisms, and thus large quantities of nitrates are released into the
water [38]. While the lowest concentrations were recorded during the spring season in Al-Baghdadia
station, which is characterized by the abundance of aquatic plants that consume nutrients, including
nitrates, as well as the lack of agricultural activity in it compared to its abundance in the lands adjacent
to the Shatt Al-Arab that feeds the Hammar marsh. It was noted that there is a relative variation in the
recorded nitrate values compared to previous studies [31,38,39].

Phosphate is present in water in various forms, including dissolved, suspended, and organic. Dissolved
orthophosphate is one of the essential nutrients for phytoplankton, and an increase in its concentration
leads to the phenomenon of eutrophication [40]. The population, agricultural and industrial uses, the
properties of soil and rocks, and the sources of organic pollution, especially detergents, constitute the
sources of phosphorus in the Iraqi water environment [41]. The results of the current study showed an
increase in phosphate concentrations during the summer of 2018, the highest of which was recorded in
the pond affected by the waters of the Shatt al-Arab feeding the Hammar Marsh, which may be
attributed to the low level of river discharge and the increase in the concentration of pollutants
entering the Shatt al-Arab directly or through sub-channels loaded with many phosphate-rich
compounds. Such as washing powders, sewage water, and water for tapping agricultural lands
fertilized with phosphate fertilizers [42]. The increase in phosphate concentrations coincided with the
increase in salinity during the summer. High salinity values stimulate the release of phosphate from
the sediment [43], as a significant positive correlation (r = 0.68; p < 0.01) was recorded between
phosphate concentrations and electrical conductivity. While the concentrations decreased during the
spring season for all stations, and the reason may be due to their consumption by aquatic plants and
phytoplankton that are active during this season. Agricultural activity It was noted that the values
recorded in the current study increased compared to previous studies [34,38,39].
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The results of the statistical analysis showed a significant correlation between the live mass and the
coverage of plant species and their recurrence.C. demersum. The highest values during the spring, as a
result of its high ability to take in nutrients as well as its freedom of movement in the water, which
allows it to expand to larger areas and produce more mass, as well as the shallowness of the water
column in Al-Chebiyesh compared to the eastern Al-Hammar, which allows the arrival of high
amounts of light that It increases the growth of submersible plants and their productivity, as lighting is
an important factor affecting the composition and living mass of aquatic plants, while the lowest
values were for M.spicatum in Al-Hawrain and N.marina in eastern Al-Hammar. This variation in
biomass, coverage and frequency between submersible species is attributed to the fact that the
distribution of biomass of submersible aquatic plants is affected by the characteristics of the bottom
and lighting. For example, the presence of trees, prominent and floating plants, and algae reduces the
light that reaches them, and thus the reduction of photosynthesis in them and a lack of live mass
production [44]. Attention must also be given to several influencing factors that may cause the loss of
live mass of the submersible plant at the beginning of its growth, such as grazing. by herbivores, or
damage because of water movement or disease and death of the plant, which is also reflected in the
frequency and coverage of the studied plants, and it was noted that the values currently recorded
differed when compared with previous studies [32,34].

Similarity using the Jacquard index is one of the environmental indicators used to compare diversity
between samples, which is commonly used by botanists to find out the effect of environmental
variables on the forms and types of communities [45]. In the current study, the results showed that the
highest qualitative similarity was recorded between the two stations of Al-Sada and Abu Sobat, and
the reason may be attributed to the similarity of environmental variables between them, and the
emergence of common species with high dominance in all stations did not prevent the emergence of
differences in the similarity ratios between them, and since the selection of those was adopted to
represent the differences in the quality of the environment, which is expected to affect the composition
of species. This was shown by the least percentage of similarity between the two stations (Al-Sada)
and (Al-Baghdadiya), which showed a discrepancy between them in terms of environmental factors,
especially (salinity, nitrates, phosphates, depths, and the amount of light) [46].

Conclusions

The difference in biomass, coverage and frequency between submersible species is attributed to the
fact that the distribution of biomass of submersible aquatic plants is affected by the biotic and abiotic
factors, thus the reduction of photosynthesis in them and a lack of live mass production [44]. Several
influencing factors may cause the loss of live mass of the submersible plant at the beginning of its
growth, any change in environmental factors reflected on the frequency and coverage of the studied
plants.

The percentage of similarity showed a discrepancy between them in terms of environmental factors,
especially (salinity, nitrates, phosphates, depths, and the amount of light).
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