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Introduction : 

Food security is a basic pillar for achieving 

sustainable development worldwide 

(Varzakas and Smaoui, 2024). Lately, the 

demand for fish and seafood has increased 

significantly, driven by global population 

growth, evolving dietary habits, and an 

increasing need for nutritious food options 

(Garlock et al., 2022). Over the past two 

decades, the reduction of wild fish stocks has 

led to great depletion in fisheries production 

(Garlock et al., 2022). Consequently, 

Abstract 

          The study is important to investigate the relationship between temperature, salinity, and 

nutrients and the diversity of the phytoplankton community in artificial fish farms in Basrah, 

Iraq. The study was carried out in four fish farms, two located in Abu Al-Khasib and two in 

Al-Sayba, during winter (January) and summer (July) of 2025. Water temperature, salinity, pH, 

and nutrients (NO₃, PO₄, and SiO₃) were measured in fish farms. Phytoplankton samples were 

collected by using a net with a 20 μm mesh diameter. The results showed clear seasonal 

variations in phytoplankton abundance and species composition. A total of 53 species of 

phytoplankton were observed. Bacillariophyta had 35 species (59%), followed by Chlorophyta 

(17%) belonging to 6 species, Cyanophyta (14%) belonging to 6 species, Euglenozoa (7%) 

belonging to 4 species, and Dinophyta (3%) belonging to 2 species. Water temperature ranged 

from 5 to 34°C, salinity from 3.7 to 13.1 ppt, and pH from 7.8 to 8.5. The statistical analysis 

showed significant differences in phytoplankton composition, water temperature, and salinity 

among stations and seasons (p < 0.05), and no significant differences in pH among stations and 

seasons (p > 0.05). The reactive nitrate ranged from 1.3 to 4.2 µg/l. The reactive phosphate 

levels ranged from 0.02 to 0.11 µg/l, whereas the reactive silicate levels ranged from 31.5 to 

90.4 µg/l; NO₃, PO₄, and SiO₃ all showed significant differences across all sites and seasons (p 

< 0.05). The   Shannon - Weiner index (H`) values ranged from 2.1 to 1.2 and recorded 

significant differences in all sites and seasons (p < 0.05). The higher temperatures and salinity 

levels during the summer were related to the increased dominance of cyanobacteria, green 

algae, and diatoms. Statistical analysis mentions that temperature, salinity, and nutrients were 

the main factors influencing phytoplankton distribution and diversity. The results highlight the 

importance of monitoring environmental parameters to maintain ecological balance and 

productivity in artificial aquaculture systems. 
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aquaculture has obtained prominence and 

experienced rapid expansion, emerging as a 

key solution to meet the rising demand for 

both freshwater and marine products, as well 

as animal protein for human consumption 

(Hua et al., 2019). 

One of the fundamental challenges 

confronting aquaculture is the rising cost of 

feed, specifically feeds based on fish meal. 

Phytoplankton, as primary producers, play 

an important role in sustaining higher trophic 

levels by providing essential nutrients 

through photosynthesis. However, 

phytoplankton are highly sensitive to 

environmental factors, which can affect their 

physiological characteristics so, the quality 

and quantity of food available to higher 

trophic organisms (Kang et al., 2017; Lee et 

al., 2020). In artificial fish farms, 

phytoplankton serve as an essential food 

source, especially for herbivorous aquatic 

species, and are considered a cost-effective 

alternative or supplement to conventional 

feed (Yisa, 2006; Bwala et al., 2009). 

Water, on the other hand, forms the main 

environment in that aquatic organisms 

perform vital functions such as feeding, 

breeding, digestion, and excretion 

(Bronmark and Hansson, 2005). The quality 

of water in fish ponds is determined by the 

interplay of various physicochemical factors, 

which can significantly impact pond 

productivity as well as the overall health and 

well-being of the fish (Anetekhai et al., 

2018). The small waterbodies, such as 

ponds, can provide a more diverse 

phytoplankton community than a single large 

one (Bolgovics et al.,2019), calling for 

spatial variance on phytoplankton diversity 

in freshwater systems, and the limited 

connectivity among aquatic environments 

leads to a reduction in the regional 

biodiversity in the ponds (Carneiro et al., 

2024; Scheffer et al., 2006). Increases in 

different environmental conditions and 

resource availability are expected to 

positively affect phytoplankton abundance, 

such as the temperature,which can change 

the solubility of gases like CO2 and O2 

dissolved in water, which are important for 

photosynthesis and metabolism. It is easier 

to dissolve these gases at low temperatures 

than at high ones and speed up 

photosynthesis. (Neori and Holm-Hansen 

1982; Takarina et al., 2019). Local 

limnological pond characteristics, like age, 

area, and perimeter, along with landscape 

factors like land use and connectivity, 

influence variables and phytoplankton 

dynamics. Larger connectivity may lead to 

less nutrient amount due to the effect of 

high-quality streams, indirectly reducing 

phytoplankton abundance while facilitating 

species richness through colonization. Pond 

age is very important for both phytoplankton 

abundance and richness, which affect 

comprehensive functional diversity within 

ponds (Tulsankar et al., 2020; Oertli and 

Parris, 2019; Bichsel et al., 2016). The 

presence and growth of phytoplankton in the 

pond water is influenced by environmental 

conditions such as light, temperature, and 

concentration of nutrients in the water. 

(Yusoff et al. 2002). However, Basrah still 

lacks comprehensive studies that investigate 

how environmental variables such as 

temperature, salinity, and pH shape 

phytoplankton community structure in 

artificial fish ponds. In contrast, numerous 

studies from other countries have extensively 

examined similar ecological relationships, 

such as the work of (Carneiro et al., 2024) 

on diversity of phytoplankton in artificial 

ponds (Tambaru et al., 2024) on diversity of 

phytoplankton and its relationship with 

environmental parameters(Palupi et al.,2022) 

on diversity of phytoplankton in shrimp 

ponds (Takarina et al.,2020) on diversity of 

phytoplankton in shrimp farming, and 

(Takarina et al.,2019) on diversity of 

phytoplankton and its relationship with 

environmental parameters. 

Despite the important role of phytoplankton 

in maintaining ecological stability in fish 

ponds, the impact of environmental factors 

such as salinity, temperature, and pH on the 
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composition of the phytoplankton 

community in artificial ponds in Basrah 

remains poorly understood. This gap 

explains the need for a detailed analytical 

investigation to improve water quality 

management and support sustainable 

aquaculture in the region. 
 

 

Materials and Methods 

Study area:This study was conducted at four 

artificial fish farms—Abu Al-Khasib 1 (30° 

26' 06.58" N 48° 03' 31.91" E), Abu Al-

Khasib 2 (30° 25' 26.10" N 48° 05' 43.96" 

E), Al-Sayba 3 (30° 22' 18.25" N 48° 10' 

01.97" E), and Al-Sayba 4 (30° 21' 31.49" N 

48° 10' 12.40" E). These farms receive water 

through the irrigation canal that extends for 

20 km from the Kutaiban area north of Basra 

to avoid the effects of the saline tongue from 

the Arabian Gulf. The canal runs parallel to 

the Shatt al-Arab for 40 km before crossing 

to the other side of the river. The canal is 

designed to discharge 30 M
3
S

-1
and extends 

to the Ras al-Bisha area, reaching the city of 

Al-Faw, 110 km south of Basrah. This canal 

is lined with concrete to secure freshwater 

supply in Basrah and surrounding areas such 

as Abu al-Khasib and Al-Sayba(Figure 1). 

 

Sample Collection and physicochemical 

Analysis: 

 Water temperature, pH, and conductivity at 

each fish farm site were measured by using a 

handheld Manta 2 (Eureka, USA). NO3, PO4, 

and SiO3 were determined according to 

(APHA 2005). The salinity was calculated 

according to (Mackereth et al. 1978). 

Phytoplankton samples were collected 

during winter (January) and summer (July) 

of 2025 from four different artificial fish 

farms by filtering 40 liters of subsurface 

water through a phytoplankton net of 20 μm 

mesh diameter at a depth of approximately 

20-30 cm. Collected samples were stored in 

plastic bottles, and preservative formalin 

(4%) was added (APHA, 2000). 

 

Phytoplankton Identification and 

Diversity Index: 

 For non-diatom species, one drop was put 

on a glass slide and covered with a coverslip, 

and examined directly under a microscope 

with 40x magnification. For diatom species, 

all organic material and siliceous frustules 

were oxidized and removed to observe the 

structure through microscopic examining and 

species identification, based on (Al-Handal 

and Wulff ,2008). We mixed 10 mL of 

diatom suspension with 20 mL of H2O2 (30 

%) and boiled it for 30-45 minutes until it 

returned to 10 mL; after that, we washed 

with distilled water and filtered it using filter 

paper (Whatman No. 1). To prepare 

permanent slides, we used Naphrax®. 

Permanent slides were examined under a 

microscope with 100x magnification.  Algae 

were identified according to the 

classification systems of Desikachary 

(1959); Prescott (1982), and Guiry and Guiry 

(2019).  

Shannon -Weiner diversity index (H`) 

Shannon and Wiener (1949) 

H` =- pilnpi, Where:    

‘pi’ equals ni/N. 

ni: number of individuals in each species 

N: the total number of individuals in the 

sample 

 

Statistical analysis: A one-way analysis of 

variance (ANOVA) was used to test for 

significant differences at a probability level 

of P < 0.05, using Statistical Package for the 

Social Sciences (SPSS, version 26). All 

treatments were performed in triplicate. 
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Figure (1): Shows sample collection sites from artificial fish farms in Basrah during winter 

(January) and summer (July) of 2025. 
 

Results and Discussion 

Water temperature ranged between 5 and 

34ºC. Figure (2). These are within or slightly 

above the optimal range for phytoplankton 

growth, indicating that thermal conditions in 

the ponds were generally proper for assisting 

primary productivity during most of the 

study period. The optimal temperature for 

phytoplankton growth is 20-30°C. (Mesquita 

et al., 2020). Thermal changes can enhance 

biodiversity in freshwater habitats by 

choosing more suitable groups, such as 

cyanobacteria and chlorophyta (Rasconi et 

al.,2017; Sarker et al.,2020). The result 

showed significant differences in 

temperature values among stations and 

seasons (p < 0.05). Salinity values ranged 

between 3.7 and 13.1. ppt Figure (3), it is 

one of the fundamental environmental 

factors that influences the occurrence and 

distribution of the planktonic community 

(Sridhar etal.,2006, Rahaman etal.,2013), 

diatoms are able to adapt to salinity stress 

through changes physiological pigment 

content, growth rate, and metabolism (Wen 

etal.,2023), The result showed significant 

differences in salinity values among stations 

and seasons (p < 0.05). proposition that 

osmotic stress probably shares in the change 

in phytoplankton abundance and their 

dominance, especially at sites with high 

salinity levels. pH values ranged between 7.8 

and 8.5. Figure (4) shows no significant 

differences in pH values among stations and 

seasons (p > 0.05). The observed pH value is 

usually stable and doesn't change much. It is 

still in the range that phytoplankton needs to 

grow and thrive. A pH level below 7.0 or 

above 8.5 can inhibit phytoplankton from 

growing (Yang et al., 2019). So, the pH 

range that was observed likely supported 

phytoplankton populations persistence and 

stability at all of the sampling sites. Reactive 

nitrate ranged from 1.3 to 4.2 µg /l (Figure 

5), and reactive phosphate ranged from 0.02 

to 0.11 µg/l (Figure 6).  

S1 and S2 had more diversity in species due 

to their proximity to agricultural lands, 

where phosphate is very important for 

phytoplankton in metabolic processes (Lin et 

al. 2016). High nitrate levels stimulate 

phytoplankton growth (Cira et al. 2016; 

Takarina et al. 2019), which provides 

nutrient inputs, whereas the reactive silicate 

ranged from 31.5 to 90.4 µg/l (Figure 7). The 

high levels of SiO₃ in summer indicate that 

temperature can make silicate dissolve and 

release from the bottom sediments into the 

water systems. (Frings et al., 2016; Beusen 

et al., 2022). Both NO₃, PO₄, and SiO₃ 

recorded significant differences in all sites 

and seasons (p < 0.05). Highlighting the role 
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of nutrient dynamics affect the structure of 

phytoplankton. The Shannon- Weiner index 

(H`) values ranged from 1.2 to 2.1 (Figure 

8), with the highest in S2 in summer at 2.1 

and the lowest in S2 in winter at 1.2, and 

recorded significant differences in all sites 

and seasons (p < 0.05). Due to suitable 

environmental conditions such as available 

nutrients and little pollution, or zooplankton 

nutrition (Ghosh etal.,2012; Akter 

etal.,2015).

 

 
 

 

 

 

 

 

 

 

 
 

Figure (2): Water temperature recorded in artificial fish farms during winter (January) and 

summer (July) of 2025. 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure (3): Salinity recorded in artificial fish farms during winter (January) and summer (July) 

of 2025. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (4): PH recorded in artificial fish farms during winter (January) and summer (July) of 
2025. 
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Figure (5): Reactive Nitrate recorded in artificial fish farms during winter (January) and 

summer (July) of 2025.   

 

 

 

 

 

 

Figure (6): Reactive Phosphate recorded in artificial fish farms during winter (January) and 

summer (July) of 2025

 
 

Figure (7): Reactive Silicate recorded in artificial fish farms during winter (January) and 

summer (July) of 2025. 
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Figure (8): Shannon -Weiner index recorded in artificial fish farms during winter (January) 

and summer (July) of 2025. 

Based on observation and identification of 

phytoplankton, 53 species belonging to 29 

genera were recorded from four stations. 

There were 5 phyla, namely Bacillariophyta 

(17 genera, 59%), Chlorophyta (5 genera, 

17%), Cyanophyta (4 genera, 14%), 

Dinophyta (Miozoa) (2 genera, 3%), and 

Euglenophyta (1 genus, 7%). This study 

discovered that Bacillariophyta possessed the 

highest number of genera among 

phytoplankton classes because they can 

adapt to a wide range of environments 

compared to genera from other groups. They 

have a shorter life cycle and reproduce 

faster. Genera such as Nitzschia was one of 

the most common genera recorded (5 

species) at all sites due to tolerance of 

environmental conditions Lavoie etal .( 

2017). Significant differences in algae 

among stations and seasons (p < 0.05) as 

shown in Figure 9. Diatom species are more 

sensitive to changes in their environment and 

can quickly adapt (Prelle et al. 2019). Also, 

changes in the structure of phytoplankton 

communities are reliable indicators of water 

quality and ecosystem health because they 

demonstrate how quickly and in a 

complicated way they respond to changes in 

the environment, such as Chlorella vulgaris 

appearing in all sites and seasons. It has 

adapted to the environment, which makes it a 

major subject for researching how stress 

resistance works at the single-cell level (Mu 

et al., 2016). Species that appeared in 

summer were Anabaena flos-aquae, 

Scenedesmus quadricauda, Euglena gracilis, 

Euglena polymorpha, Euglena sanguinca, 

Euglena viridis, Epithemia adnate, Navicula 

viridula, Nitzschia palea, and Thalassiosira 

spinose (Table 1). Euglena sp. occurred at 

the study sites due to its  high adaptability to 

elevated temperatures and availability of 

nutrients and organic matter (Graham 

etal.,2016).S1 and S2 had more diversity in 

species  due to their proximity to agricultural 

lands, which provide nutrient inputs and 

reflect favorable thermal and nutrient 

conditions, while Halamphora veneta 

appeared in winter at the study sites due to 

its tolerance of nutrient-rich waters, 

moderate temperatures, slightly alkaline pH, 

and variable salinity (Reynolds, 2006). 

Water quality is also affected by nutrient 

content discharged from aquatic waste 

around the farming site (Adhikari et al. 

2017; Emabye and Alemayo 2020). The 

results showed that environmental 

parameters across the study sites played an 

important role in determining the structure of 

phytoplankton, which is consistent with the 

results of Wen et al. (2020) considering the 

phytoplankton's sensitivity to delicate 

changes in salinity and dissolved oxygen. 

The lower phytoplankton density observed at 

sites with high salinity can be explained by 

the reduced tolerance of many species to 

osmotic stress. The results are also 

inconsistent with international studies such 
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as Smith et al. (2021), which demonstrated 

that aquatic systems affected by thermal 

fluctuations and salinity variations often 

experience shifts in species dominance and 

the appearance of indicator species reflecting 

water quality. 

These results indicated that phytoplankton 

structure in Basrah is strongly influenced by 

subtle environmental variations, highlighting 

the importance of monitoring water quality 

in fish ponds due to its role in supporting the 

food chain and determining aquaculture 

productivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Phytoplankton percentage recorded in artificial fish farms during winter (January) 

and summer (July) of 2025. 

Table (1): Phytoplankton species recorded in artificial fish farms during winter 

(January) and summer (July) of 2025.   

 
 

 

No. 

Species                               stations 
S1-

w 

S1-

s 
S2-

w 

S2- 

s 
S3- 

w 

S3- 

s 

S4- 

w 

S4- 

s 

 Cyanophyta ( cyanobacteria)  

1 
Anabaena flos-aquae(Bornet&Flahault) 

Elenkin 
- + 

- + - - - + 

2 Arthrospira jenneri   Forti,  - - + - - - - - 

3  Phormidium ambiguum Gomont +  + - + + - + 

4  Oscillatoria limosa   C.Agardh ex Gomont,  - + + + - - + - 

5 O. pulrida   Lemm. + - - - + - - - 

6 O. tennis  Lemmermann,  - - + + - + - + 

 Chlorophyta  

7 Ankistrodesmus falcatus   (Corda) Ralfs - + - - - - + - 

8 Carteria cordiformis (H.J.Carter) Diesing + + + - - - + - 

9 C. klebsii Klebs - + - + + - + - 

10 Chlamydomonas angulosa O.Dill - + + - - + + - 

11  Chlorella vulgaris  Beijerinck  + + + + + + + + 

12 
Scenedesmus quadricauda   

(Turpin) Brébisson,  

- + - - - - - + 

 Euglenophyta (Euglenozoa)  

13 Euglena gracilis   Ehrenberg - + - - - + - + 

14 E.polymorpha P.A.Dangeard - + - - - + - + 

Cyanophyta   ( 
Cyanobacteria) 

14% 

Chlorophyta 
17% 

[ الفئة اسم ] 
7% 

[ الفئة اسم ] 
 

3% 

Bacillariophyta 
59% 

percentage 
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15  E. sanguinca  Ehrenberg - + - - - + - - 

16 E. viridis   Ehrenberg - + - - - - - + 

 Dinophyta(Miozoa)  

17 Glenodinium pulvisculus Stein - + + + - - - - 

18 Peridinium gatunense Nygaard + + - - - - - - 

 Bacilariophyta  

19 
Bacillaria paxillifera 

(O.F.Müller)T.Marsson 

- - 
+ 

+ - - - + 

20  Caloneis amphisbaena (Bory)Cleve + + - - + + + + 

21 C. latiuscula(Krasske)Hustedt - + - - - - + - 

22  C. permagna (Bailey) Cleve + + - - - - - + 

23  
Campylodiscus cf. bicostatus W.Smith ex 

Roper 

- + 
- 

+ 
- 

+ + - 

24  Coscinodiscus oculus  Ehrenberg - - + + - + - + 

25 C. symbolophorus Grunow - - + + - + - - 

26  Cyclotella meneghiniana Kützing,  - + + 
 

+ 
+ 

 

+ 

 

+ 

 

+ 

27  Diploneis smithii (Brébisson)Cleve - - - + - - + + 

28  Epithemia adnata(Kütz.)Brebisson - + - - - - - - 

29  
Gomphonema parvulum   (Kützing) 

Kützing,  
+ - - 

+ 
- 

- _ - 

30 Gyrosigma scalproides (Rabenhorst) Cleve - + + + + - + + 

31 G. attenuatum (Kützing) Rabenhorst + + + + - - - + 

32 G. acuminatum (Kützing) Rabenhorst - + - - + + + - 

33 G. fasciola (Ehrenberg) Griffith & Henfrey + - + + - - - - 

34 G. eximium (Thwaites) Boyer - - - + - + + + 

35 G. macrum (W.Smith ) Griffith & Henfrey + - - - - + - - 

36 Halamphora veneta (Kützing) Levkov + - - - - - - - 

37 Navicula cryptocephala   Kützing,  + + + - + + - - 

38 N. digitoradiata (Gregory) Ralfs - + - + + - + + 

39 N. salinarum Grunow + - + - - + - + 

40 N. viridula(Kützing) - + - + - - - - 

41 Nitzschia acicularis   (Kützing)  + - - + - - + - 

42 N. clausii Hantzsch(Gregory) W.Smith - - + - + + + - 

43 N. filiformis (W.Smith )Hustedt - + + + + - - + 

44 N. obtusa W.Smith + - + + - + + - 

45 N. palea (Kützing) W.Smith - + - + - + - + 

46 Surirella tenera W.Gregory - - + + - - - - 

47 Tabularia tabulata (C.Agardh)Snoeijs + - - + + + - - 

48 Thalassiosira spinose(Cleve)Hasle - + - - - + _ + 

          

49 Tryblionella calida(Grunow) Hustedt + - + + - - - - 

50 T. granulata(Ehrenberg) Hustedt - + - - + + - - 

51 T.compressa(Grunow) Hustedt + - - + - + + + 

52 Ulnaria ulna(Nitzschia)Compere - + - - - + + - 

53 
U. delicatissima var. angustissima( 

Hustedt)H.Lange-Bertalot 

- - + + + - - + 

 Total score 19 
 

31 
23 

 

28 
15 

 

25 
20 24 

          
 

Conclusions 

Temperature, salinity, and nutrient 

availability are the main environmental 

factors that affect phytoplankton diversity 

and community structure in artificial fish 

farms in Basrah, Iraq. The Bacillariophyta, 

Chlorophyta, and Cyanophyta were 

predominant in the summer season, 
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reflecting favorable thermal and nutrient 

conditions. This study shows that statistical 

analyses for seasonal and spatial variation in 

temperature, salinity, and phytoplankton 

abundance, while pH levels exhibited 

relative stability across locations and 

seasons. 

The results show that aquaculture ponds are 

sensitive to seasonal and climatic variations, 

which directly affect primary productivity. 

Understanding the correlation between 

environmental factors and phytoplankton 

structure is essential to prevent harmful 

cyanobacterial blooms and maintain 

balanced phytoplankton communities that 

support healthy fish production. Therefore, 

to be sure that artificial fish farming systems 

in southern Iraq can last for a long time, 

continuous monitoring of physicochemical 

parameters is strongly recommended, 

especially in the summer.
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حأثٍش دسجت انحشاسة وانًهىحت وانًغزٌبث فً حُىّع وحشكٍب يجخًغ انهبئًبث انُببحٍت فً يضاسع الأسًبن الاصطُبػٍت فً 
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 انًسخخهص

هذفج هزِ انذساست إنى يُبلشت حأثٍش دسجت انحشاسة وانًهىحت وانًغزٌبث ػهى انخُىع انحٍىي وحشكٍب يجخًغ انؼىانك انُببحٍت 

يُهب حمؼبٌ فً يضاسع الأسًبن الاصطُبػٍت فً يحبفظت انبصشة، انؼشاق. أجُشٌج انذساست فً أسبغ يضاسع سًكٍت، اثُخبٌ 

. حى 2025فً لضبء أبً انخصٍب واثُخبٌ فً يُطمت انسٍبت، خلال فصهً انشخبء )كبَىٌ انثبًَ( وانصٍف )حًىص( يٍ ػبو 

، PO₄، انفىسفبث NO₃( وحشكٍض انًغزٌبث )انُخشاث pHلٍبط دسجت حشاسة انًٍبِ وانًهىحت والأط انهٍذسوجًٍُ )

 يٍكشويخش. 20ؼج ػٍُبث انؼىانك انُببحٍت ببسخخذاو شبكت راث لطش فخحبث ( فً انًضاسع انسًكٍت. جSiO₃ًُوانسٍهٍكبث 

َىػًب يٍ انؼىانك  53أظهشث انُخبئج وجىد حببٌُبث يىسًٍت واضحت فً وفشة انؼىانك انُببحٍت وحشكٍبهب انُىػً. حى حسجٍم 

ب، حهخهب انطحبنب انخضشاء َىػً  35% يًثهت بـ 59( بُسبت Bacillariophytaانُببحٍت، إر سبدث شؼبت انذٌبحىيبث )

(Chlorophyta بُسبت )17( %أَىاع(، ثى انطحبنب انخضش انًضسلت ) 6Cyanophyta بُسبت )أَىاع(، فشؼبت  6% )14

 % )َىػبٌ(.3( بُسبت Dinophytaأَىاع(، وأخٍشًا انسىطٍبث انذواسة ) 4% )7( بُسبت Euglenozoaانٍىجهٍُبث )

(، فً حٍٍ حشاوحج لٍى الأط pptجضءًا ببلأنف ) 13.1و 3.7و، وانًهىحت بٍٍ °34و 5حشاوحج دسجت حشاسة انًٍبِ بٍٍ 

. أظهش انخحهٍم الإحصبئً وجىد فشوق يؼُىٌت فً حشكٍب انؼىانك انُببحٍت ودسجت حشاسة انًٍبِ 8.5و 7.8انهٍذسوجًٍُ بٍٍ 

ق يؼُىٌت فً لٍى الأط انهٍذسوجًٍُ بٍٍ (، فً حٍٍ نى حسُجم فشوp < 0.05وانًهىحت بٍٍ انًىالغ انًخخهفت وبٍٍ انًىاسى )

 (.p > 0.05انًىالغ وانًىاسى )

 0.11و 0.02يٍكشوغشاو/نخش، فً حٍٍ حشاوحج حشاكٍض انفىسفبث بٍٍ  4.2و 1.3حشاوحج حشاكٍض انُخشاث بٍٍ 

، NO₃ ،PO₄يٍكشوغشاو/نخش. وسجهج انًغزٌبث انثلاد ) 90.4و 31.5يٍكشوغشاو/نخش، أيب انسٍهٍكبث فمذ حشاوحج بٍٍ 

SiO₃( فشولًب يؼُىٌت بٍٍ جًٍغ انًىالغ وانًىاسى )p < 0.05.) 

 p، يغ حسجٍم فشوق يؼُىٌت بٍٍ انًىالغ وانًىاسى كبفت )2.1و 1.2بٍٍ ′( Hنهخُىع انحٍىي ) وٌُش –حشاوحج لٍى دنٍم شبَىٌ

دة انذٌبحىيبث وانطحبنب (. واسحبطج الاسحفبػبث فً دسجبث انحشاسة وانًهىحت خلال فصم انصٍف بضٌبدة سٍب0.05 >

 انخضشاء وانخضش انًضسلت.

حشٍش انخحهٍلاث الإحصبئٍت إنى أٌ دسجت انحشاسة وانًهىحت وانًغزٌبث حؼُذ انؼىايم انشئٍست انًؤثشة فً حىصٌغ انؼىانك 

ػهى انخىاصٌ انبٍئً انُببحٍت وحُىػهب. وحبشص َخبئج هزِ انذساست أهًٍت انًشالبت انًسخًشة نهًؼبٌٍش انبٍئٍت يٍ أجم انحفبظ 

 وحؼضٌض الإَخبجٍت فً َظى الاسخضساع انسًكً الاصطُبػً.

 


