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1. INTRODUCTION 

Rivers play a crucial role in shaping civilizations and biodiversity, influencing the distribution and adaptation of 

aquatic organisms through their physical and chemical properties [1, 2] because rivers have a continuous movement that 

leads to the process of mixing water with its upper and lower layers, and this is helps to distribute nutrients and organic 

matter among them. The movement of water helps to expose the lower layers to good ventilation, and this is making the 

environment of rivers often of high biodiversity in terms of the abundance of phytoplankton of all species and varieties, 

so they are productive high [3]. 

Algae differ in terms of the environment of their existence, therefore some of them prefer to be in lotic water, while 

the other prefers to be in lentic water inside lakes, and some of them prefer salt water and the other is fresh. As well as 

some of them are considered a biological index to pollution, so the process of searching for specific algae requires 

knowledge of the environment preferred by each species by temperature, nature of water and other physicochemical 

factors [4]. 

Chara algae play a key role in maintaining the balance and functions of the ecosystems that colonize them. It controls 

the nutrient cycle and biogeochemistry of the water body directly and indirectly. Directly by absorption of nutrients in 

plant biomass and indirectly by co-precipitation of phosphorus and calcium carbonate [5].  

Therefore, a better understanding of the ecological preferences of this at-risk algal population is important for habitat 

conservation and restoration [6]. [7] indicated that the Iraqi environment is spread by 8 species of the genus Chara, and 

environmental and taxonomic studies of this algae and the interaction of its appearance with environmental variables as 

in the studies [8], [9], [10], [11] or the use of this algae as an environmental indicator [12, 13]. Thus, the current study 
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was conducted in a number of central and southern regions of Iraq for the purpose of determining the physical and 

chemical environmental variables in which algae Chara sp. can be present. 

 

2. MATERIALS AND METHODS 

2.1 Description of the studied sites 

Field visits were carried out starting from October 2023 until April 2024 to the villages and countryside of the 

governorates of Salah Al-Deen, Babylon, Kut, Diyala and Anbar, in addition to the city of Baghdad within the Tigris 

River and some natural and artificial water bodies, as shown in Table (1) and Fig. (1). 

Table 1. Studied sites in different governorates with latitude and longitude with the geographical location system 
locator 

Governorates Studied sites 

Device Reading 

Longitude (east) Latitude (north) 

      

Baghdad 

First site (Taji) 44.32 17 44 20.39 28 33 

Second site (Imams Bridge) 30.83 21 44 19.28 22 33 

Third site (Adhamiya corniche) 11.88 22 44 51.30 21 33 

Fourth site (Al Zorah) 37 22 44 53 18 33 

Fifth site (Medical City Bridge) 43.77 22 44 31.20 20 33 

Sixth site (Al-Jadriyah compound) 37.51 22 44 5.98 16 33 

Seventh site (Al-Mahmoudia) 22.80 24 44 49.72 3 33 

Diyala 
Eighth site (Al-Sador Area / Diyala) 3.38 36 44 55.41 40 33 

Ninth site (College of Agriculture / Diyala) 58.02 8 45 24.05 46 33 

Kut Tenth site (Al-Sssaouira Farms) 22.6 59 44 13.6 45 32 

Babylon Eleventh site (Hilla) 22.80 24 44 49.72 3 33 

Salah-Al-Deen 

Twelfth site (Sheikh Jameel / Tikrit) 42.16 37 44 16.36 80 33 

Thirteenth site (Al Nabai) 30.21 5 44 55.03 41 33 

The fourteenth site (gravel quarries / Samarra) 8.15 52 43 38.93 9 34 

Fifteenth site (Al-Dhuluiya) 26.55 15 44 14.38 4 34 

Mosul Sixteenth site (Mosul) 27.84 9 43 56.14 20 36 
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FIGURE 1. - Distribution of study sample collection sites within some Iraqi governorates (1) and within 

Baghdad city (2). 

 

2.1 Materials and methods of work 

The algae was collected manually and moved under water to remove the bulk of the suspended materials and mud 

and then placed in sterile plastic bottles and a little river water was added to it if it is in the site, and water samples were 

collected to measure some physicochemical variables as water samples were collected in polyethylene bottles (2) liters 

and kept refrigerated until reaching the laboratory and the water temperature was measured in the field using the mercury 

thermometer graduated from (0-100) º C and expressed the results in degrees Celsius (º C). A Secchi disk was used to 

measure light transmission and expressed the output in cm. The pH was measured in the field using the pH 7110 device 

from the English company Inullab. The electrical conductivity of water was measured in the field using the Conductivity 

Meter type 7110 from the English company Inolab and was estimated in µS/cm. 

While the samples for measuring dissolved oxygen were collected in transparent Winkler bottles with a volume of 

250 ml and according to the method described by [14] and oxygen was fixed in the field by adding 2 ml of manganese 

sulfate solution and Alkaline iodide-azide solution and the bottles were shaken several times and left to settle until a 

precipitate is formed up to a third of the vial approximately, then add 2 ml of concentrated sulfuric acid and shake the 

bottles several times until the precipitate is completely dissolved according to [15] and expressed the results mg/L. 

Nitrates were also measured according to the method described in [15] and the optical density of all samples and standard 

solutions at wavelengths of 220 and 275 nm was measured using a spectrophotometer and the results were expressed in 

mg/L. 

The active phosphorus was estimated using the ascorbic acid method described by [16] and the absorbance was 

measured at wavelength 880 nm and the results were expressed in mg of phosphorus atom/L. The chloride ion was 
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measured according to the method of perfusion against the standard silver nitrate solution 0.0141 N shown in [14] and 

expressed in mg/L. 

The amount of calcium and magnesium was also measured by adding a solution of sodium hydroxide and an addition 

of a Meroxide reagent, and the model is powdered with an EDTA solution until the color changes according to the method 

of [17]. The depth of water at all sites was also measured and estimated in meters. 

 

2.2. Statistical Analyses 

The data was tabulated in a datasheet of IBM SPSS version 25.0, which was utilized to do the statistical analysis. The 

mean and standard errors of continuous variables were reported, and significant differences were tested using the analysis 

of variance (ANOVA) test, followed by the least significant difference (LSD) test. The Pearson's correlation coefficient 

was utilized to determine the correlation between different parameters under study. Statistical significance was defined 

as a probability value (p≤ 0.05). 

 

3. RESULTS AND DISCUSSION 

Fig. (2) shows that the temperatures were variable according to the sites, and that the ninth site recorded the highest 

temperature of 23.67ºC, while the lowest temperature was the sixteenth site, where it recorded 18.32ºC in the city of 

Mosul, where Chara algae was found. 

 
FIGURE 2. - Temperature in the studied sites. 

 

Fig. (3) shows the light transmission of the sixteen studied site, the highest of which was 2.9 cm at the fifteenth site, 

while the lowest value was at the ninth site and amounted to 0.78 cm. 
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FIGURE 3. - Light transmission in the studied sites. 

 

The results of the electrical conductivity showed clear differences in the studied sites, with the highest rate at the 

twelfth site reaching 3611 µS / cm and the lowest value was at the second and thirteenth sites and amounted to 211 µm/ 

cm (Fig. 4). 

 
FIGURE 4. - Electrical conductivity in the studied sites. 

 

The highest pH was recorded at the eleventh site and was 8.9 and the lowest rate was at the fifth site was 7.55 as 

shown in Fig. 5. 
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FIGURE 5. - pH in the studied sites 

 

The value of magnesium was recorded at the sixth site with a value of 78 mg/L and the lowest value for this element 

was at the twelfth site with a value of 9.7 mg/L (Fig. 6). 

 
FIGURE 6. - Magnesium concentration at the studied sites. 

 

The calcium concentration was highest at the eighth site (187.4 mg/L) and the lowest value was at the thirteenth site 

(39.2 mg/L) as shown in Fig. 7. 
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FIGURE 7. - Calcium concentration in the studied sites. 

 

As for the available phosphate, the highest value was recorded at the eleventh site, which amounted to 0.87 mg/L, 

while the lowest value was in the second site, which amounted to 0.02 mg/L, as shown in Fig. (8). 

 
FIGURE 8. - Available phosphate concentration in the studied sites. 

 

Fig. (9) also shows the concentration of nitrate in the studied sites, and its highest value was in the first site, which 

amounted to 10.3 mg/L, and the lowest value was in the sixth site and the thirteenth site, which amounted to 0.11 mg/L. 
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FIGURE 9. - Nitrate concentration in the studied sites. 

 

As for the amount of dissolved oxygen in the studied sites, the third site recorded the highest percentage of 11.3 

mg/L, while the ninth site recorded the lowest value of 7.4 mg/L, as shown in Fig. (10). 

 

 
FIGURE 10. - Dissolved oxygen in the studied sites. 

 

Fig. (11) shows the highest water depth was at the fourth site and reached 6.9 meters, while the lowest water depth 

was at the twelfth site, reaching only 1 meter. 
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FIGURE 11. - Water depth in the studied sites. 

 

The presence of Chara sp. algae has been determined at the third, tenth, twelfth, thirteenth, fourteenth, fifteenth and 

sixteenth sites (Table 2). 

Most of the sample collection sites were characterized by organic pollution from sewage, agricultural and industrial 

water and household waste, and this affects the presence of Charophyta algae in general. Table (2) shows that most of 

the sites did not observe the presence of Chara algae. 

Table 2. Presence of Chara sp. algae in the studied sites. + present of algae, - does not present. 

Governorates Studied sites Algae present 

Baghdad 

First site - 

Second site - 

Third site + 

Fourth site - 

Fifth site - 

Sixth site - 

Diyala 
Seventh site - 

Eighth site - 

 

Kut 

Ninth site - 

Tenth site + 

Babylon Eleventh site - 

Salah-Al-Deen Twelfth site + 

 

Mosul 

Thirteenth site + 

The fourteenth site + 

Fifteenth site + 

Sixteenth site + 

 

The presence of algae recorded a negative inverse correlation with the amount of calcium at the sites studied (Table 

3). 
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Table 3. Pearson correlation coefficient among the features studied. 
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Temperature 1.000           

Light 

transmission 
-.183 1.000          

Electrical 

conductivity 
.105 -.168 1.000         

pH .360 .271 .115 1.000        

Mg -.345 .331 .097 .020 1.000       

Ca -.202 .184 .390 .234 .654** 1.000      

PO4 -.151 .543* .246 .323 .504* .494 1.000     

NO3 .005 .414 .402 .281 .308 .457 .750** 1.000    

OD -.135 .070 -.093 .036 .147 .109 .437 .545* 1.000   

Water deth -.114 .391 .516* .181 .423 .548* .529* .496 -.052 1.000  

Chara 

present 
-.150 -.014 -.274 -.295 -.397 

-

.506* 
.027 -.041 .396 -.384 1.000 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

The physicochemical properties in the aquatic environment play an important role in the presence and activity of 

aquatic organisms, as they affect the vital activities of various aquatic organisms within the water column [18], and some 

of them are considered specific to the presence of certain types of organisms at the expense of other species [19]. For this 

reason, some physicochemical variables of sample collection sites were measured to know the nature of the environment 

in which Chara sp. algae is present. 

Temperature is an important factor that affects water quality because it affects the physical, chemical and biological 

properties of the aquatic environment and thus affects the distribution of aquatic organisms, including algae [19, 20, 21]. 

The results showed a variation in the temperature of the studied sites depending on the geographical location of each site, 

the movement of air and clouds, and the intensity of solar radiation that affects water temperature [22].  

The current study agreed with several local studies that recorded a variation in temperature between the central and 

northern regions of Iraq, which led to the growth of different algae species [23, 24, 25]. This was reflected in the presence 

of Chara sp. algae in the northern and nearby regions such as Mosul and Salah Al-Deen due to its suitability to the algae 

growth temperatures. 

The current study showed a high pH for most sites and the reason may be attributed to the effect of biological factors 

that have a major role in controlling the pH value, such as some types of phytoplankton, plants and algae that increase 

the pH due to photosynthesis, which leads to the consumption of carbon dioxide gas and excretes oxygen [26]. 

pH is associated with an inverse relationship with carbon dioxide and a positive relationship with oxygen gas. The 

sites containing Chara sp. algae recorded approximately equal levels of pH value of 8.1, except for the tenth site (Kut) 

was slightly higher and this result is consistent with the study of [27] which indicates the growth of Chara sp. algae in 

an alkalinity environment. 

Light transmission expresses the transparency of a body of water and is influenced by many factors such as current 

velocity, continuous water movement, weather condition and sample collection period [28]. Most of the sites where 

Chara sp. algae appeared had low light transmission due to increased plant death, wind movement, climate factors, dust 

storms and the pollutants and particulate matter they add to the water [29]. 

Dissolved oxygen is one of the most important indicators that determine the quality of water and the degree of 

pollution of the aquatic environment, as the lack of oxygen causes great damage to aquatic organisms and its lack indicates 

the presence of organic pollution [30]. Most of the sites where Chara sp. algae is present had a high level of dissolved 

oxygen, perhaps due to the fact that temperatures are lower than the rest of the sites and the low level of decomposition 

of organic matter [31]. In addition to the high-water levels, these sites recorded a greater depth than the rest of the studied 

sites, which led to mixing of oxygen in the water column, thus increasing the value of dissolved oxygen during low 

temperatures [32]. 
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As for nitrates, which are one of the main nutrients in the aquatic environment, which the increasing their 

concentrations lead to the phenomenon of eutrophication, and the sites in which the Chara sp. algae was found recorded 

a decrease in the value of nitrates, perhaps due to high water levels or the consumption of nitrates by algae or some 

aquatic plants, and this is consistent with the study of [33]. The results of the study also showed that there is a decrease 

in the value of phosphate and this may be due to its consumption by aquatic plants that consume large amounts of 

phosphorus [34]. As well as the high-water levels during the study seasons, which may have caused the relaxation of 

nutrient concentrations, this study agreed with the study of [35]. 

The other studies have shown that Charophyta algae in general prefer clean water bodies far from organic pollution 

and the increase in nutrients from phosphates and nitrates, in addition to that they prefer to be found in water bodies with 

low nutrients, low depth and high light transmission [36], and this was found in the current study. The sample collection 

sites was16 in which Chara sp. algae was diagnosed only in seven sites (Table 2). 

In general, magnesium ions (Mg2+) are a key component of chlorophyll required as a growth factor for green algae 

and can be found in the ratio of equivalent elements to chlorophyll in photosynthetic tissues. Magnesium is the most 

important ingredient required for the proper growth of algae, and its efficiency can be increased by nitrates [37]. 

Magnesium is therefore essential for the growth and development of algae. It is of great importance in chlorophyll and 

affects the activity of photosynthetic enzymes [38]. However, magnesium, calcium and other alkaline earth minerals are 

responsible for water hardness. Water that contains large amounts of alkaline earth ions is called hard water, and water 

that contains small amounts of these ions is called soft water [39]. The calcification process in algae depends not only on 

photosynthesis activity, but also on inorganic carbon concentrations and magnesium/calcium ion ratios in water that algae 

obtain directly from water [40]. As well as nitrates lead to algae eutrophication within rivers [41]. These algae harm 

freshwater and seawater ecosystems, as they deplete oxygen during the night. Not only do these eutrophication algae 

significantly reduce oxygen concentration within these lakes and rivers, but they also release very harmful toxins that 

can kill many organisms in the aquatic environment [42]. 

All seven sites share that they are of low depth, net, free or low pollution, and when searching for algae samples in 

agricultural areas, it was found that they prefer cement-lined waterways, perhaps because this water contains appropriate 

concentrations of calcium, which is necessary for the formation of calcareous structures on all parts of the algae [43]. 

This is consistent with the study of [44], where he indicated that the species of Chara algae can be deposited in the 

form of calcium carbonate on the outside of the algae, estimated at 589 g/m2, as well as with the study of [45] which 

indicated the ability of Chara algae to remove magnesium and calcium from water. At this process is assisted by changes 

in the number of carbons and bicarbonates affected by the number of phytoplankton and aquatic plants and the consequent 

change in pH values, and this occurs in medium or low nutrition water with a slight rise in hardness, and this is consistent 

also with [46] and this is consistent with what was recorded in the seven sites where algae was found, which are 

distinguished by being lined with cement. 

 

4. CONCLUSION 

Chara sp. algae generally prefer clean waters away from organic pollution and the increase in nutrients from 

phosphates and nitrates, and they also favour waters with low nutrient content, shallow depths and high light transmission 
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