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ABSTRACT 
Saprolegniosis is recognized as one of the most widespread fungal diseases in freshwater fish, affecting fish and eggs of all ages and 

causing significant economic losses globally. The primary infectious agents are aquatic mold fungi belonging to the Saprolegnia spp. 

This study aimed to investigate the impact of physical and chemical factors on aquatic fungi and their relationship with common carp. 

This study was conducted over 12 months from July 1; 2021, to 1 July 2022, at Khurmal Pond, located in Sulaimani Governorate. Eight 

sites were selected, and a baiting method was used to isolate the aquatic fungus from water samples. The water temperature ranged 

between (11.3-26.6 centigrade °C), the pH ranges from 7.2 to 7.8 indicating a neutral to slightly essential, dissolved oxygen (DO) levels 

varied between 6 to 8.4 mg/L at the months of the experiment, total alkalinity (218-272 mg/L), the concentration of nutrient like as NO3 

(5.33-9.26 mg/L), SO4 (30.3-35.3 mg/L) and PO4 (0.15-0.64 mg/L). Twenty-five species of fungi were isolated in this detection: 17 

species of Zoosporic fungi and eight species of conidial fungi representing eleven genera, namely: Zoosporic Fungi belonging to 5 

genera Achly, Aphanomyces, Dictyuchus, Pythium, and Saprolegnia, Conidial fungi were belonging to 6 genera Alternarea, Aspergillus, 

Curvulari, Fusarium, Pencillum and Rhizopous. In conclusion, Saprolegniosis threatens freshwater aquaculture globally and explores 

how physical and chemical factors affect the occurrence and frequency of aquatic fungus in common carp disease. 
https://creativecommons.org/licenses/by-nc/4.0/ 
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1 Introduction  

The steadily rising world population has resulted in a growing 

demand for protein, which has led to increased interest in fish as 

a source of high-quality protein. Fish farming plays a crucial role 

in meeting a significant portion of the demand for fish meat. Data 

from the FAO in 2020 indicate that global aquatic farming 

production has reached approximately 178.5 million tons [1]. Only 

a few fungal species are recognized as fish pathogens in fungal 

diseases. These organisms are mainly found in water, and they 

tend to exploit unfavorable circumstances to target fish, leading 

to skin ulcers. Most fungal infections documented in common 

carp farming are those caused by species associated with the 

oomycete, Achlya, Aphanomyces, and Saprolegnia. Infections 

caused by these fungi are collectively called saprolegniasis [2]. 

Saprolegniasis is a severe disease in the aquaculture industry that 

leads to economic losses and massive fish mortality, especially in 

winter [3]. It is known that Saprolegnia comprises about 14 

genera, with 126 to 146 species, of which S. parasitica and S. 

invaderis are the most abundant. The fungal disease is common 

in freshwater with aquatic fish populations [4]. Both aquaculture 

industries and fisheries have gained more recognition in recent 

years for their important role in ensuring global nutrition and food 

security [5]. [6], who described S. parasitica as one of the essential 

fungal infections contributing to economic loss in cultured 

ecosystems. An important goal of research in fish culture is to 

enhance cost-effective aquaculture production while providing 

adequate fish and animal protein by-products for human 

consumption. Saprolegniosis manifests as a cotton-like lesion on 

the head or dorsal fin that spreads to cover the entire body over 

time, eventually turning brown, red, or green. In untreated cases, 

Saprolegnia infection can result in death due to the failure of 

osmoregulatory function.[7]. Saprolegniasis in aquaculture is 

often associated with poor water quality and ecological stressors 
[8]. Oomycetes represent typical saprophytic opportunists, 

affecting stressed or injured fish; however, they have been 

reported as primary infection agents in fish [9]. The disease is 

caused by water molds (oomycetes), mostly in the genera 

Saprolegnia and Achyla [10]. S. parasitica is one of the primary 

agents of saprolegniasis, which can cause massive mortality in 

both fish and their eggs. S. parasitica is associated with losses in 

various fish species, such as the common carp, where the mold is 

responsible for more than 95% of cumulative mortalities under 

experimental conditions [11]. S. parasitica, which belongs to the 

order Saprolegniales [12]. Saprolegniales is one of the primary 

lineages of oomycetes. Saprolegniales have been traditionally 

known as water molds [13]. Fungal growth on the skin or fins 

manifests as patches resembling white to whitish-grey cotton-like 
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growths. These formations primarily consist of numerous fungal 

hyphae, evident through microscopic analysis. The earliest 

aquaculture species for which historical records are available is 

the common carp (Cyprinus carpio). Since this species has been 

domesticated for a longer period than any other fish, it has given 

rise to a variety of variations, including koi fish, the partially 

scaled mirror carp C. carpio var. specularis, the orange-scaled 

scale carp C. carpio var. flavipinnis and the scale fewer leather 

carp C. carpio var. nudus. Eastern Europe and Asia are home to 

the omnivorous common carp, which eats food originating from 

plants, animals, and residue [14]. Any injuries, sudden ecological 

changes, poor water quality, and aquatic pollution are the primary 

predisposing factors of saprolegniasis in fish yield [15]. Infections 

initiate with the attachment of movable zoospores to injured 

areas. The hyphae consist of zoospores, which are deeply 

invasive to the lower tissues, leading to tissue damage and 

excessive ulceration. The obvious skin lesions differ depending 

on the species of the fish. Slightly infected fish exhibit mild 

inflammation without visible external wounds, but may also show 

petechial hemorrhages on the body, mouth, anal fin, and 

exophthalmos [16]. Ulcers initially appear as white spots on the 

fish’s skin, which later change to red with a reddish center, 

eventually leading to external complications. As the disease 

progresses, symptoms include protruding eyes, body decay, and, 

in some cases, head erosion, which can lead to the death of the 

fish, depending on the severity of the disease [17]. These 

characteristics can change depending on many factors, including 

water quality [18]. Water quality and diet are supplementary, 

interdependent aspects. Any injury can decrease a fish's 

physiological and immune health, increasing its susceptibility to 

infection [19]. Fungi are eukaryotes that need oxygen for 

respiration. However, the oxygen level in water is much lower 

than in air, and as expected, fungal growth is greater in water 

bodies with higher dissolved oxygen levels. Further, fungi are 

known for their ability to degrade complex carbohydrates like 

cellulose, hemicelluloses, etc. Hence, fungal diseases are 

commonly viewed in floodplain wetlands and border of 

reservoirs, that generally have a high density of submerged 

macrophytes with (DO). Low water depth and the presence of 

submerged macrophytes in floodplain wetlands and along the 

periphery of reservoirs favor the growth of fungi belonging to the 

oomycete group that infects fish, especially during winter [20].  

Fungal contamination of fish can be attributed to poor sanitation, 

workers’ hands, water supply, and contaminated feed, all of 

which influence the fish’s health status [21]. Controlling  

saprolegniasis requires adequate water quality parameters and 

good management practices [11]. The study aimed to identify 

aquatic fungi and fish pathogens like Saprolegnia spp. collected 

from farmed pond during one year, especially from an outbreak 

of saprolegniasis.  Furthermore, the study estimates the physical 

and chemical parameters and their relationship to the growth of 

fungi in fish from pond cultures. 

2 Materials and methods 

2.1 Description of study area   

The research was conducted in Khurmal District, Kurdistan 

Region, Iraq, at coordinates N 35°10'48.2556" E 45°59'10.7376. 

All fish ponds are between Grdi Go Village and Khurmal District, 

near Kalkuni Village (Mohammed Faraj), with the Zalm River 

lying nearby (Figure 1: B). The river plays a vital role in the 

socio-economic development of the area's residents, supporting 

activities such as livestock farming, irrigation, and fisheries. The 

river is the primary source of water supply for domestic use and 

consumption. The Kalkuni Village contains several fish ponds 

where the common carp (Cyprino carpio) is intensively reared 

and along 2 km contains several ponds (each generally 

measuring100 x 80 x 1.5 m in length, width, and depth), (Figures 

1: A), that were fed two time daily at 5% of body weight, areas 

consisted of eight locations (L):  1, 2, 3, 4, 5, 6, 7 and 8. The 

sources of locations 1, 2, 3, and 4 are from a source named Kany, 

200 meters from the first fish pond, while the second source, for 

locations 5, 6, 7, and 8, is from the Zalm River (Table 1). The 

area has a continental climate characterized by moderately dry, 

long, snowy winters and moderately warm, long summers. The 

month with the highest temperatures in the study area is July, with 

an average temperature of +39.6°C, while the coldest is January, 

with an average temperature ranging from 19.7°C to -5°C.  

Table 1: Sites, coordinates, and ponds measurements. 

Sites Coordinate North (N) 

and (E) 

Measurements 

Location  1 
N 35°18'22.3344" - E 

46°0'19.3644" 
110m, 60, 1.5m  

Location  2 
N 35°18'27.0612" - E 

46°0'15.6456" 
200m, 50m 1.5m  

Location  3 
N 35°18'27.1584" - E 

46°0'12.6972" 
100m, 30m, 1.5m 

Location  4 
N 35°18'27.7776" - E 

46°0'10.4796" 
200m, 80m, 1.5m 

Location  5 
N 35°18'30.4956" - E 

46°0'10.332" 

200m, 200m 

1.5m  

Location  6 
N 35°18'31.0464" - E 

46°0'7.1208" 
80m, 15m, 1.5m  

Location  7 
N 35°18'30.8088" - E 

46°0'5.1696" 
100m, 70m, 1.5m 

Location  8 
N 35°18'32.1588" - E 

46°0'1.3356" 
100m, 70m, 1.5m 

 2.2 Sample collection 

2.2.1 Isolation of Fungi from Water Pond  

The baiting method isolated aquatic fungi from water samples 

collected from each site. A quantity of (15-20 ml) of pond water 

was pumped into a sterile petri dish. After placing 5-7 sesame 

seeds per petri dish, the containers were preserved in a controlled 

environment at 20°C for 7 days. The growth of fungus mycelia 

was removed from the seeds. The, samples were introduced and 

kept at 20°C for a maximum of 5 days on Sabouraud Dextrose 

Agar (SDA), contained chloramphenicol (250 mg antibiotic/L 

sterile distilled water) to depress bacterial growth from the 

environmental samples accompanied by routine daily monitoring 

for any anticipated fungal growth [22]. 
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Figure 1: A- Satellite map showing the fish ponds (Satellite area). B- 

Showing distance from khurmal to Mohamad Faraj village 3.3 km.  

After 5 days of being cultured on SDA, Corn Meal Agar (CMA), 

and Potato Dextrose Agar (PDA) media, according to Prasad et 

al. (2009), a whitish cottony growth emerged, along with long, 

hair-like structures [23]. To obtain a pure culture, sequential 

cultivation was performed by cutting a segment of growing 

mycelium and transferring it to a petri dish using a sterile surgical 

blade. The dish was then covered with a 2 mm layer of sterile tap 

water and incubated at 20°C for 5 days. The isolates were purified 

using the single hypha method. Identification of fungi was carried 

out with the help of various standard monographs [24], [25], [26]. 

2.2.2 Isolation of Fungi from Fish 

1- Indirectly method: Different organs from common carp 

showing indications of fungal infection were carefully 

examined under a dissecting microscope and removed 

and placed onto SDA for injection [27], [28]. The 

inoculated sample was incubated at (20°C) for 5 days in 

the Department of Medical Laboratory Science (MLS) 

at the College of Health Sciences (CHS), University of 

Human Development (UHD).  A small section of agar 

containing an emerging hyphal tip was carefully 

removed and transferred to a new medium for culture 

purification. The purified fungal forms were examined 

microscopically according to Shin et al., (2017) [29]. 

2- Direct Method: Skin lesions, infected muscles, and gills 

from the fish were swabbed and subsequently immersed 

in 0.1% sterile peptone water for the identification of 

aquatic fungi [30].   

2.2.3 Selecting of aquatic fungi under microscopic 

The morphology of the isolated culture was studied by preparing 

an oomycete sample on a slide and observing it using a BiOptic 

B-200 microscope equipped with an Industrial Digital Camera 

3.0MP ½ COLOR USB2.0 APTINA CMOS SENSOR at 

magnifications of 120x and 600x. The fungal isolates were placed 

on slides with coverslips and then examined microscopically for 

spores and vegetative bodies. The fungi were identified based on 

colonial features and the micro-morphology of the spores they 

produced [31], [32].   

2.3 Physico-chemical analysis of water samples  

This study was conducted over 12 months, from 1 July 2021 to 1 

July 2022, at a pond with eight sites. Eight water samples were 

collected each month from each site. The samples were gathered 

approximately 20 cm below the water surface at the experimental 

site for testing. Any water sample was collected in (250 ml) 

polyethylene plastic bottles. Samples intended for dissolved 

oxygen determination were collected in 250 ml glass Winkler 

bottles, adequately labeled, and taken to the laboratory to 

determine physical and chemical factors such as water 

temperature, pH, dissolved oxygen content, total alkalinity, 

nitrate (NO₃), sulfate ions (SO₄), and phosphate ions (PO₄). Water 

Temperature: The water temperature at each site was measured 

using a graduated mercury thermometer (0-100°C) during 

sampling.  Ph: According to Fitri and Maulud (2020) [33], a pH 

meter (model H18915, Hanna, India) was used to measure the pH 

levels. Dissolved oxygen content: An oxygen meter measured the 

percentage of dissolved oxygen (DO), with results expressed in 

mg/L. The used German-made device is the 1350 multi-

parameter sampler. Total alkalinity: Total alkalinity was 

determined using the titration method, and total dissolved solids 

were measured by evaporating a pre-filtered sample to dryness 

and calculating the mass of the dry residue per liter (mg/L) of a 

sample [34]. Nitrate (NO3) ion concentration was measured using 

the chromotropic acid [35]. Sulfate ion (SO4) concentration was 

estimated using the turbidity method, an optical technique with a 

spectrophotometer, as described by Wang et al. (2013) [36]. 

Phosphate ion: (PO4) concentration was detected using the tin 

rose chloride method [33].  

2.4 Statistical analysis  

The analysis used GraphPad Prism (version 9.5.1; GraphPad 

Software Inc., San Diego, USA). Semiquantitative assessment 

scores of immunostainings were imported into the software. A 

two-way ANOVA was applied to evaluate physical and chemical 

water parameters across eight sites over 12 months, followed by 

Tukey's post-hoc test for multiple comparisons. All data are 
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expressed as the mean ± standard error (SE), and p-values less 

than 0.05 were considered statistically significant  [37].   

 

3 Results and Discussion 

3.1 Identification and isolation of aquatic fungous 
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Figure 2: A,  Daily inspections were performed to monitor the hyphal growth of aquatic fungus from the pond water samples, a wet culture of 

developing aquatic fungous on sesame seeds, S. parasitica can be grown on baits like sterilized (sesame seed) for the microscopic view of mycelia, 

zoospores and sexual reproductive structures [38]. B, growth of aquatic fungous from the Sabouraud Dextrose Agar (SAD) media after transferring 

smaller segment of hyphal growth from sesame seed, white cottony hairy root hyphal then isolate purified Saprolegnia on SDA or Saprolegnia species 

cultures started as long hairs with whitish cottony color. C, showing a fungal culture on SAD, which was isolated from fish infected with fungi D, 

Saprolegniosis, observed in numerous pond fish, is characterized by a white or greyish cotton-like tuft found primarily on the infected head, skin, and 

gills of affected fish. This disease has received less attention than many other significant diseases of freshwater fish, likely because fungal infections 

are often seen as opportunistic, primarily caused by mechanical injury during handling, exposure to extreme pH levels, prolonged exposure to low 

water temperatures, especially transitioning from winter to spring, inadequate food supply, and concurrent microbial infections [39]. E, death of common 

carp infected with Saprolegnia parasitica, observed in the pond. F, infections of common carp showing the manifestations of Saprolegniosis, white to 

grey patches on the outside body surfaces in both abounded gills and dorsal of carp fish. G, with grey to black lesions (arrows) of fungal infection on 

the body surface ventrally. H, cotton-wool-like masses on the ventral body surface, with hemorrhagic ulcers on the skin. Affected fish will be fragile 

reluctant to consume feed, and will swim at the surface. In the advanced stage of the disease, extensive fungal growth occurs with the appearance of a 

matted mass all over the body. The disease is relatively, pretty common in enclosure culture also, especially during winter months [8]. Saprolegnia 

parasitica employs multiple virulence factors, with its hyphae utilizing these factors against fish cells. In addition, Saprolegnia spores secrete adhesive 

materials capable of binding to lectins [40]. The transfer of effector proteins into infected cells facilitates the oomycete infection. Saprolegnia parasitica 

is a pathogen characterized by long-haired hook bundles rapidly generated during the secondary cyst phase. These bundles may serve as a potential 

pathogenic factor by increasing the ability of host epidermal cells to adhere to extracellular matrix proteins such as thrombospondin and fibronectin. 

This can lead to tissue damage and dehydration due to the release of bodily fluids and toxic substances [7].  I, microscopic examination of wet mount 

arrangement of Saprolegnia revealed characteristic aseptate hyphae, zoosporangia, and microscopic identification confirmed the presence of 

Saprolegnia spp. The zoosporangia in these individuals exhibit either a spherical shape, a cylindrical, or a significant quantity of spores. Assumption 

of a suspected Saprolegnia infection, detection of fungi from infected fish is carried out by cutting a small piece of infected gills, mussels, and skin 

about (2mm) in diameter from different parts of the body, thoroughly washed with sterilized distilled water to remove unwanted microorganisms 

adhered on the surface then growing them on selected media SDA as like Figure 2: B, C). J, the hyphae appeared profuse, separated, and non-septate 

when viewed under a microscope 400x. Fungal colonies are made up of complex, branched filaments known as hyphae. Some hyphae form a fungus 

network known as mycelium [4].  

3.2 Isolated aquatic fungous 

Twenty-six species of fungi were obtained in this investigation 

(17 species of zoosporic fungi and eight species of conidial fungi) 

representing 11 genera, namely: Zoosporic Fungi are Achly, 

Aphanomyces, Dictyuchus, Pythium, and Saprolegnia, were 

belonging to 5 genera five species of Achly, two species of 

Aphanomyces, two species of Dictyuchus,  three species of 

Pythium and five species of Saprolegnia, Conidial fungi are 

Alternarea, Aspergillus, Curvulari, Fusarium Penicillium and 

Rhizopus were belonging to 7 genera: 1 species of Alternaria, 

three species of Aspergillus, one species of Curvularia, two 

species of Fusarium, one species of Penicillium and one species 

of Rhizopus (table 2). The higher total number of isolates acroos 

genra of achlya was  A. racemosa included 47 species especially 

from winter there were 19 species, genra of aphanomyces is 

stellatus are 73 species especially from spring that has 21 species, 

genra of dictyuchus is sterilis are 32 species especially from 

autumn which has 10 species, genra of pythium is ultimum are 47 

species in four seasons but the higher species of isolated in one 

season is spinosum that 14 species isolated in winter, genra of 

Saprolegnia is parasitica are 45 species especially from winter 

that has 17 species, totale isolated Alternaria alternate are 23 

species especially from autumn and winter 7 species were 

isolated, genra of Aspergillus is fumigatus are 29 species 

especially from summer has 12 species (Aspergillus fumigatus 

grows best from 37 to 42 degrees C but can grow at temperatures 

up to 55 degrees C), total isolated species of Curvularia lunata 

are 4 species especially in summer that has 3 species, genra of 

Fusarium is oxysorum are 45 species especially from autumn that 

has 25 species, genra of Penicillium is chrysogenum are 14 

species especially from summer has 7 species, genra of Rhizopus 

is nigricans are 5 species while 2 species were isolated from 

spring with summer. The highest total number of aquatic fungal 

isolates was 204, collected during the autumn season, while the 

highest total number of species was 25, isolated in both the 

autumn and spring seasons. The lower number of isolates and 

species observed in the summer, 143 isolates fungous and 22 

species. This may be due to the high-water temperature (24 - 26.6 

°C in summer), and high concentration of total sulfate in both 

(33.3 in summer, 35.3 in spring mg/I). Table 2: Seasonal variation 

shows that the richest season in aquatic fungal species frequency 

was autumn 2021 and winter 2022, Table 2: These seasonal 

represent low and moderate temperature; these results are under 

those obtained by [41]. Physico-chemical parameters of water 

samples used for the experiment indicated that the water 

temperature ranged from 13 - 26.6 °C. Water temperature 

variation was noted among the different sites due to 

environmental factors and topography. Water temperature was 

identified as the primary factor influencing the occurrence and 

frequency of aquatic fungal species. These results came in 

agreement with those investigated by [42]. The pH values ranged 

from 7.2 to 7.8 in the Kurdistan region of Iraq. Generally, the pH 

of the water shifted toward the alkaline side of neutrality due to 

the area's geology, which is primarily composed of CaCO₃ [43]
 

similar conclusion observed by [44], [45]. The concentrations of 

nutrients such as nitrite, nitrate, and sulfate varied significantly 

across different seasons at all stations. These variations 

influenced the frequency and occurrence of aquatic fungi in both 

water and mud. Achlya racemosa, Aphanomyces stellatus, 

Pythium spinosum, Pythium ultimum, Pythium angustatum, 

Saprolegnia parasitica, Fusarium oxysorum and Fusarium 

moniliforme were the predominant species represented by 6.69%, 

10.39%, 5.69%, 6.69%, 5.98%, 6.41%, 6.41% and 6.26% 

respectively. Whereas Achlya Carolina, Achlya flagellate, 

Curvularia lunata, and Rhizopus nigricans were observed rarely 

at 0.71%, 0.85%, 0.56% and 0.71%. The data obtained from the 

analysis regarding the occurrence and frequency of fungi in all 

the eight stations in four seasons, table 2: revealed the maximum 

percentage of fungi was recorded as Aphanomyces stellatus from 

four seasons of summer, autumn, winter, and spring (19, 17, 16 

and 21 isolates), and Saprolegnia parasitica (1, 12, 17 and 15) 
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from water samples respectively. This may be due to the 

characterization, low or moderate temperature (13  °C in autumn) 

and (11.1 - °C in winter) for water and slightly low concentration 

of nutrients (5.6 mg/I in autumn - 7 mg/I in winter nitrate), (0.15 

in autumn - 0.23 in mg/I phosphate) this result is similar to 

Dudgeon et al., (2006) [46]. The main factories that have the 

highest number of fungal species in this research are located at 

the 5, 6, 7, and 8 pond from the Zalm River. This cause, an 

increase of different types of fungi as like [47], Showing that in 

pond culture or any other culture environment, fishes in inland 

open waters are susceptible to parasites, fungi, bacteria, and 

viruses. Different fish species may vary in their susceptibility to 

various pathogens, and farmers and farm managers must be aware 

of the important diseases affecting the fish species stocked in and 

present in the waters of their interest. In addition to cultured 

species, wild fish in the water body can transmit pathogens to 

cultured fish. Bacterial fish pathogens are commonly present in 

water but may cause disease when their populations increase due 

to pollution. Disease outbreaks can also occur when fish are 

stressed or their immunity is compromised, particularly during 

winter [48]. 

3.3 Water quality 

A commercial aquaculture enterprise's success depends on 

providing an ideal environment for the rapid development of 

aquatic organisms (fishes, prawns, etc.) at the lowest possible 

cost of resources and capital. The sum of all the biological, 

physical, and chemical parameters that impact the growth and 

welfare of cultured organisms is referred to as water quality. 

Water quality influences the overall state of cultured organisms 

since it directly or indirectly regulates their health and growth 

circumstances. Water quality is thus an important aspect to 

consider when planning for high aquaculture production. Human 

activities near water sources have a significant impact on water 

quality because water ecosystems and land are interconnected 

through surface runoff, groundwater systems and stream 

networks [49]. Deforestation, along with factors such as fish yield 

near water resources, could adversely affect water quality by 

increasing sedimentation and adding nutrients to water bodies [50]. 

Previously vegetated areas are increasingly being covered by 

built-up areas, and the intensification of land use continues 

degrading water quality [51].  

3.4 Physical and chemical parameters in 12 months  

3.4.1 Water Temperature 

Temperature °C, tolerance limitations are well recognized in 

every type of organism, including fish. Temperature also alters 

the dissolved oxygen content in the water. Water temperature has 

a significant impact on fish ingestion variation, reproductive 

development, and breeding period. The chemical changes in both 

soil and water are greatly influenced by temperature. 

Temperature also plays a crucial role in stimulating gonadal 

development and spawning activity in carp [52]. In his findings, it 

was estimated that the optimal water temperature for the growth 

of Cyprinus carpio spawn is 26°C [53]. The research report shows 

that the best growth of common carp was obtained at a water 

temperature of 23–30°C. According to Table 3: and Figure 3, the 

water temperature of all sites has a more significant change 

between four seasons from one location to another, especially 

between summer with winter, autumn, and spring; this is 

evidence that all sites have the best condition for the growth of 

carp according to [54] who described that Cyprinus carpio could 

influence a wide range of temperatures from 3-35 °C range. The 

onset of Saprolegniosis is heavily impacted by temperature; most 

deaths attributed to Saprolegnia occur during late autumn, winter, 

and early spring; when outbreaks commonly arise in colder water 

temperatures [21]. Additionally, other stress factors, such as 

handling, poor water quality, and overcrowding, often coincide 

with outbreaks of Saprolegniosis [55]. Saprolegniosis 

predominantly occurs during cold temperatures and is commonly 

called "winter kill ”[56]. [57] It was found that rapid reduction in 

water temperature affected the fish's immune system and 

temporarily suppressed mucus production by goblet cells in the 

skin's dermal layers. This mucus usually acts as a physical barrier, 

preventing fungal spores from attachment the fish's skin. 

Additionally, mucus contains antimicrobial elements such as 

proteolysis enzymes, lysozyme, C-reactive protein, and 

immunoglobulin, which can eliminate invasive zoospores. 

Without sufficient mucus, the skin becomes vulnerable, allowing 

fungi to increase and extend their hyphae into the muscle tissue.    
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Table 2: Isolation of fungal species from different locations during June 2021 to June 2022. 

Name of fungous  
Summer Autumn Winter Spring 

Total Number of 

Isolates 
Frequency % 

Zoosporic Fungi  

Achly spp        

Achlya apiculata de Bary  4 6 4 2 16 2.27 

Achlya carolina Coker  0 2 2 1 5 0.71 

Achlya racemosa Hildebrand  0 16 19 17 47 6.69 
Achlya dubia Coker  3 3 5 6 17 2.42 

Achlya flagellata Coker  0 2 3 1 6 0.85 
 Aphanomyces         

Aphanomyces laevis de Bary  1 5 6 2 14 1.99 

Aphanomyces stellatus de Bary  19 17 16 21 73 10.39 

Dictyuchus        

Dictyuchus sterilis Coker  6 10 9 7 32 4.55 

Dictyocaulus magnus Coker   4 7 6 5 22 3.13 

Pythium        

Pythium spinosum Sawada  9 9 14 8 40 5.69 
Pythium ultimum Trow  11 17 9 10 47 6.69 

Pythium angustatum Sparrow  8 10 11 13 42 5.98 

Saprolegnia        
Saprolegnia australis Elliott  4 0 7 2 13 1.85 

Saprolegnia ferax (Gruith)  7 9 6 8 30 4.27 

Saprolegnia parasitica Coker  1 12 17 15 45 6.41 

Saprolegnia diclina Humphrey  1 6 9 7 23 3.27 

Saprolegnia delica Coker  0 5 8 5 18 2.56 
Conidial fungi         

Alternarea        
Alternaria alternata (fr kreisisier)   5 7 7 4 23 3.27 
Aspergillus         

Aspergillus niger Van Tieghem  9 3 10 4 26 3.70 

Aspergillus fumigatus Fresenius  12 3 9 5 29 4.13 
Aspergillus flavus Antonio Micheli,  9 3 7 3 22 3.13 

Curvularia lunata   3 1 0 0 4 0.56 
Fusarium        
Fusarium oxysorum Schlech tendal  6 25 5 9 45 6.41 

Fusarium moniliforme  7 23 6 8 44 6.26 
 Pencillum        

Penicillium chrysogenum Thorn  7 3 3 1 14 1.99 

Rhizopous        
Rhizopus nigricans  2 1 0 2 5 0.71 

Total Number Of Isolates   143 204 190 166 702  
Total Number Of Species  22 25 24 25   
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Table 3: Average water temperatures taken from different locations in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 24.6 ± 1.13 

 

13.0 ± 0.96 

 

12.0 ± 1.33 

 

20.0 ± 1.45 

 

L2 23.0 ± 0.85 

 

13.0 ± 0.49 

 

11.3 ± 1.20 

 

19.6 ± 2.33 

 
L3 26.6 ± 1.48 

 

13.0 ± 1.36 

 

 

12.6 ± 0.57 

 

19.3 ± 0.66 

 
L4 25.0 ± 1.85 

 

13.3 ± 1.66 

 

11.6 ± 0.33 

 

18.3 ± 0.66 

 
L5 26.3 ± 1.96 

 

13.9 ± 2.17 

 

12.6 ± 0.33 

 

18.4 ± 1.59 

 
L6 25.0 ± 0.55 

 

13.1 ± 1.30 

 

11.7 ± 0.85 

 

18.8 ± 0.41 

 
L7 26.0 ± 1.48 

 

13.1 ± 1.29 

 

13.1 ± 0.59 

 

18.6 ± 1.42 

 
L8 24.3 ± 0.59 

 

13.0 ± 1.16 

 

11.3 ± 0.57 

 

19.6 ± 0.61 
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Figure 3: View the vital difference in the water temperatures recorded in seasonal change between different sites.

3.4.2 pH 

The concentration of hydrogen ions in water is measured as pH, 

which shows the acidity and alkalinity (basicity) of the water. 

Fish metabolic and physiological processes are affected by Ph. 

The optimum pH required for the growth of carps is 7.5 to 8.3 [58], 

Sapkale et al., (2011) [52]. That the, estimated best pH is 7.3 and 

can promote maximum growth of Cyprinus carpio spawn. 

According to  HEYDARNEJAD (2012) [59], common carp 

survive and thrive best when exposed to water pH levels ranging 

from 7.5 to 8.0. During the recent study, the pH ranged in Table 

4: The pH values ranged from 7.2 to 7.8, with slight variations 

observed during the sampling months from autumn to spring. 

Iraqi waters are generally alkaline. Several factors, such as the 

breakdown of algae and organic matter in aquatic plants, 

influence hydrogen ion levels in aquatic environments. 

Photosynthesis by these organisms consumes CO2, while 

respiration releases CO2, creating a balance that can lower pH 

values in the water column [60]. According to Raes et al., (2009) 
[61] the common carp can live within a pH range of 6.5 to 9. Table 

4 and Figure 4 show no significant changes between the different 

sites.   

Table 4: Pond water pH according to seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 7.5 ± 0.36 

 

7.3 ± 0.10 

 

7.3 ± 0.32 

 

7.8 ± 0.17 

 
L2 7.5 ± 0.26 

 

7.3 ± 0.12 

 

 

7.3 ± 0.21 

 

7.6 ± 0.41 

 
L3 7.4 ± 0.22 

 

7.3 ± 0.19 

 

7.2 ± 0.16 

 

7.6 ± 0.28 

 L4 7.4 ± 0.16 

 

7.5 ± 0.11 

 

7.4 ± 0.20 

 

7.7 ± 0.45 

 
L5 7.4 ± 0.49 

 

7.7 ± 0.22 

 

7.7 ± 0.27 

 

7.4 ± 0.14 

 L6 7.6 ± 0.26 

 

7.3 ± 0.17 

 

7.4 ± 0.23 

 

7.5 ± 0.35 

 L7 7.6 ± 0.20 

 

7.3 ± 0.24 

 

7.4 ± 0.40 

 

7.2 ± 0.32 

 
L8 7.4 ± 0.29 

 

7.3 ± 0.02 

 

7.3 ± 0.28 

 

7.5 ± 0.26 
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Figure 4: Level of pH in the different locations during the time. 

 

3.4.3 Dissolved Oxygen 

Dissolved oxygen (DO) is one of the vital factors that impair the 

growth of biological entities in the aquatic environment [62]. The 

most, essential factor in preserving fish life and survival is 

dissolved oxygen. The optimal DO concentration for a fish pond 

is customarily maintained at five mg/L to the saturation level for 

healthy fish growth and reproduction in tropical waters. During 

the present study, dissolved oxygen levels ranged between 6 and 

8.4 (mg/L). According to Bhatnagar and Singh 2010) [63], a DO 

level of more than five ppm is required for excellent fish 

production. The toxicity of heavy metals increases when 

dissolved oxygen levels are low, potentially damaging fish gills 

and necessitating increased respiration for optimal fish health. 

According to the results presented in Table 5 of the current study, 

dissolved oxygen levels were higher at 8.4 mg/L during winter 

and lower at six mg/L in summer. This finding contrasts with 

expectations. The elevated dissolved oxygen levels in March are 

likely because of the growth of aquatic plants and continuous 

water movement. Conversely the decline in DO in October and 

November may result from reduced aquatic plant presence. 

Dissolved oxygen is a crucial metric in fish farming because it 

represents the chemical, physical, and biological processes in the 

water. Throughout the year, its concentration is five mg/L, and 

the DO value reflects the degree of pollution in water bodies [64]. 

The recorded levels of ecological factors during the study period 

are suitable for the growth of common carp, as indicated by 

Salman (2000) [65], who stated the lower level of DO, in water for 

Cyprinidae should not be less than (3 mg/L),  [66] also showed the 

capability of rearing common carp fingerlings in coastal waters 

with salinity surpassing more than six ppt with a survival rate 

attained 100%. As shown in Table 5 and Figure 5, it is clear that 

there is no change in the rates of dissolved oxygen concentrations 

across all sites of pond water examined during the study period. 

Table 5: General rates of (DO) concentration in the eight-pond water during the study in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 6.7 ±  0.96 7.6 ± 0.57 

 

8.1 ± 1.51 

 

8.3 ± 1.42 

 L2 6.9 ± 1.80 

 

7.7 ± 0.15 

 

7.8 ± 1.64 

 

7.8 ± 1.73 

 L3 7.5 ± 0.31 7.5 ± 0.13 

 

7.4 ± 0.44 

 

7.3 ±  0.17 

 L4 7.1 ± 0.40 

 

7.6 ± 0.64 

 

8.4 ± 0.63 

 

8.4 ± 0.29 

 
L5 7.3 ± 0.23 

 

7.7 ± 0.28 

 

7.9 ± 0.45 

 

7.8 ± 0.37 

 L6 6.8 ± 0.40 

 

7.8 ± 0.12 

 

 

7.7 ± 0.49 

 

8.0 ± 0.37 

 

 

L7 6.0 ± 0.22 

 

7.6 ± 0.33 

 

 

7.4 ± 0.40 7.7 ± 0.52 

 

 

L8 6.8 ± 0.85 

 

7.3 ± 0.20 

 

7.6 ± 0.86 

 

7.9 ± 0.80 
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Figure 5: The concentration of (DO), in the different pond sites with the significant change during the study. 

3.4.4 Total Alkalinity 

Alkalinity refers to the total amount of bases in water. Ponds with 

an alkalinity of 50 ppm are considered productive, while ponds 

with an alkalinity of 90–100 ppm are considered highly 

productive. According to Bauer (2023) [58], during the recent 

study from Table 6, the alkalinity range was found to be between 

260 in summer and 218 in winter (mg/L). This is, the opposite; a 

total alkalinity of 80-120 (mg/L) is ideal for carp’s growth. 

According to Alikunhi (1957) [67], the alkalinity in highly 

productive water should be greater than 100 ppm. But our result 

was approved by Parida et al., (2007) [68], which is clear that 50-

300 (mg/L) alkalinity is optimum for fish production. Table 6 and 

Figure 6 show no significant changes between the different sites, 

except at location 8, where significant changes were observed 

between summer and winter, as well as between winter and 

spring. 

Table 6: Shows the value of alkalinity in the ponds during the study in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 242 ± 17.7 252 ± 18.5 

 

 

218 ± 8.74 

 

226 ± 4.91 

L2 255 ± 10.8 

 

231 ± 23.3 

 

244 ± 34.0 

 

260 ± 19.8 

 L3 258 ± 15.9 

 

256 ± 13.1 

 

237 ± 3.48 

 

272 ± 13.3 

 L4 236 ± 7.21 

 

237 ± 8.73 

 

 

230 ± 4.72 239 ± 1.76 

 
L5 261 ± 28.4 

 

232 ± 16.1 

 

231 ± 13.0 

 

244 ± 12.5 

 
L6 256 ± 25.7 

 

248 ± 18.4 

 

248 ± 8.35 

 

245 ± 8.41 

 L7 243 ± 7.21 

 

244 ± 16.5 

 

240 ± 10.0 

 

237 ± 13.3 

 
L8 265 ± 16.7 

 

241 ± 1.45 

 

 

220 ± 15.3 271 ± 11.7 

 

3.4.5 NO3 

According to the outcome of the present study, nitrate levels 

increased in spring, summer, and autumn, especially in spring, 

reaching 9 (mg/L). High temperatures, which stimulate the 

activity of nitrifying bacteria, or rainfall, may be responsible for 

the increase in nitrates [69]. Nitrate is created when aerobic 

bacteria convert NO2 to NO3 through nitrification. If it is not 

promptly assimilated by aquatic plants, it is denitrified in 

anaerobic sediments [70]. Table 7: shows the lower concentration 

of nitrate is 5.333 (mg/L) in summer; because the source of all 

eight-pond water is groundwater, the levels of NO3 from summer 

are lower, as evidenced by this research; nitrate levels in 

groundwater are typically low, although they can rise due to 

runoff or leaching from agricultural fields. The metabolic 

oxidation of ammonia results in the formation of nitrates. Due to 

adverse health impacts and the effects of nitrates on people and 

animals, it is crucial to monitor nitrate levels in drinking water 

supplies [71]. Research has reported that nitrate levels between 60 

and 100 mg/L can cause deformities, abnormal swimming, and 

general health issues in rainbow trout and common carp [72]. 

Therefore, the NO₃ levels at all sites are considered safe for the 
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health of common carp. In Table 7 and Figure 7, no change in 

NO₃ levels was observed between the different groups, except at 

Site 8, where a significant difference was found between summer 

and spring. The nitrate concentration in drinking water is from 0 

to 32.2 mg/L. The average (NO3) concentration in tap water was 

(8.96 ± 2.8 mg/L), which is below the accepted standard of 50 

mg/L [73]. 
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Figure 6: The alkalinity level in the different locations of fish ponds and the significant change between the sites in 12 months of the study. 

Table 7: The average nitrate ion concentration (NO3) across all pond sites during the study months in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 6.50 ± 0.76 

 

7.00 ± 1.18 

 

9.26 ± 1.65 

 

9.00 ± 1.50 

 L2 7.53 ± 0.20 

 

6.33 ± 0.33 

 

8.00 ± 0.53 

 

8.33 ± 1.33 

 
L3 7.33 ± 0.37 

 

7.00 ± 0.33 

 

7.33 ± 0.68 

 

8.33 ± 0.75 

 L4 9.10 ± 0.39 

 

8.33 ± 1.20 

 

7.66 ± 0.86 

 

9.00 ± 0.10 

 
L5 7.36 ± 1.28 

 

9.60 ± 0.26 

 

 

8.10 ± 1.15 8.66 ± 1.48 

 
L6 7.83 ± 1.16 

 

5.66 ± 0.39 

 

7.90 ± 1.55 

 

8.66 ± 1.09 

 L7 6.33 ± 2.08 

 

6.33 ± 0.88 

 

7.00 ± 1.20 

 

8.66 ± 1.20 

 
 L8 5.33 ± 0.93 

 

6.36 ± 1.75 

 

7.00 ± 1.20 

 

8.66 ± 0.33 

 

3.4.6 SO4 

Sulfate ions are produced from various processes and sources, 

primarily the dissolution of gypsum and the reaction of sulfur 

dioxide gas with water. Additionally, the biodecomposition of 

organic materials high in sulfur contributes to sulfate ion 

production. Sulfate ions are among the most prevalent negative 

ions found in water [74]. The elevated concentration was observed 

due to the dissolution of sediments and gypsum rocks, which have 

disseminated and covered a significant portion of the spring's 

formation area  [75]. Sulfate concentrations in natural water range 

from a few to several hundred mg/L, yet no significant adverse 

effects on human health have been noted. In Table 8, the 

concentration of sulfate varied from 30.33 to 34.67 (mg/L). The 

WHO drinking water standards set a limit of 250 mg/L [71], 

proving that water concentration at all locations does not affect 

human health. Based on the confirmed results of SO4, the water 

from the studied stations may be deemed unsuitable for drinking 

due to its high sulfate ion concentration. However, it could 

potentially be used for industrial purposes or irrigation. Elevated 

sulfate ion levels impart a bitter taste to the water, with the 

intensity varying based on the dissolved sulfate level. When 

sulfate ion concentrations exceed 500 mg/L in groundwater, it 

produces a noticeable bitter taste [73]. In Table 8 and Figure 8, no 

changes in SO₄ levels were observed between the different 

groups, except at Site 5 and Site 8, where significant differences 

were noted: between autumn and spring at Site 5, and between 

winter and spring at Site 8. 
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Figure 7: Demonstrates the overall levels of (NO3) in water across various locations during the study period and significant differences 

observed across different months of the study. 

Table 8: The average sulfate ion concentrations (SO4) in the water across various locations during the study months in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 32.3 ± 1.33 

 

32.0 ± 1.95 

 

 

32.1 ± 1.33 

 

34.6 ± 1.20 

 L2 32.3 ± 0.33 

 

32.0 ± 2.18 

 

32.3 ± 2.08 

 

34.3 ± 1.15 

 
L3 32.7 ± 0.29 

 

32.3 ± 2.08 

 

31.3 ± 1.94 

 

33.3 ± 0.80 

 L4 32.0 ± 0.73 

 

31.3 ± 0.66 

 

30.6 ± 1.40 

 

34.0 ± 2.94 

 L5 31.7 ± 0.86 

 

31.3 ± 0.88 

 

33.6 ± 1.56 

 

35.3 ± 1.94 

 
L6 32.4 ± 1.29 

 

33.6 ± 1.00 

 

32.6 ± 0.95 

 

33.3 ± 1.62 

 
L7 33.3 ± 1.45 

 

32.6 ± 1.66 

 

32.0 ± 0.66 

 

34.3 ± 0.57 

 
L8 32.6 ± 1.20 

 

33.0 ± 2.18 

 

30.3 ± 1.45 

 

34.6 ± 1.15 

 

3.4.7 PO4 

Phosphates are another element that can degrade water quality in 

natural resources. They are extensively used as agrochemicals in 

fish ponds and can infiltrate groundwater or surface waters 

through aquaculture, urban wastewater, and agriculture. While 

PO4 substances are harmless to humans, they can diminish DO 

levels in water bodies [76]. Phosphorus pollution in watery 

ecosystems leads to severe problems, including harmful algal 

blooms, fish mortality due to reduced dissolved oxygen levels, 

biodiversity loss, and degradation of coral reefs and aquatic plant 

beds [77]. Excessive phosphorus in water causes acidification and 

lower oxygen levels, disrupting the marine food web and creating 

dead regions in the ecosystem. These ecological consequences 

pose risks to the tourism industry [78]. Phosphate is a critical factor 

influencing aquatic biological growth, such as phytoplankton and 

plants. In environments where it is less abundant, organisms rely 

on dissolved inorganic phosphate for their development [79]. 

Soluble Reactive Phosphorus (PO4) is an essential nutrient and a 

deciding element for water reservoir fertility. It is also recognized 

as a significant factor produced by fish farms and influences the 

lake ecosystem [80]. The phosphate concentration in our current 

study reached 0.1- 0.6 (mg/L), near to what was discovered in the 

study [81] where, which is adequate according to Iraqi drinking 

water criteria [82]. The (US) Environmental Protection Agency has 

set a maximum allowable PO4 content of (0.03) mg/L for tap 

water. PO4 is an essential nutrient for lakes and rivers, vital for 

completing the natural food chain. However, excessive phosphate 

can lead to other secondary pollution issues and algal blooms. 

Fertilization practices in both agricultural areas and aquatic ponds 

can increase phosphate levels in water. Our study investigates the 

impacts of fish density and fertilization in aquaculture farms on 

phosphate and nitrogen pollution in nearby and distant water 

resources across different months of the year. In common carp 

ponds, fertilization with nitrogen fertilizers and animal waste like 

ammonium sulfate, nitrate, and phosphate is standard practice. 

This fertilization introduces significant nutrients into ponds, 

promoting the growth of phytoplankton. Our findings indicate 

that fertilization significantly raises levels of both nitrite and 

nitrate, with phosphate in aquaculture ponds, impacting water pH 
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and dissolved oxygen (DO) fluctuations. We observed higher 

phosphate levels in summer compared to autumn, winter, and 

spring, with river phosphate concentrations exceeding those in 

aquaculture ponds and wells [83]. In Table 9 and Figure 9, no 

 

 change in PO₄ levels was observed between the different groups, 

except at Site Eight, where a significant difference was observed 

between autumn and winter. 

L1 L2 L3 L4 L5 L6 L7 L8

0

10

20

30

40

S
u

lp
h

a
te

 I
o

n
 (

m
g

/l
)

Summer

Autumn

Winter

Spring

✱ ✱

 

Figure 8: Demonstrates the overall average levels of SO4 in the water across different locations during the study period, highlighting significant 

differences observed among the values across different months of the study. 

 

Table 9: General rates of PO4 in the water of the site during the study months from different locations in four seasons (Mean±SE). 

Locations Summer Autumn Winter Spring 

L1 0.53 ± 0.09 

 

0.56 ± 0.10 

 

0.35 ± 0.07 

 

0.36 ± 0.06 

 
L2 0.39 ± 0.09 

 

0.43 ± 0.31 

 

0.53 ± 0.30 

 

0.36 ± 0.10 

 
L3 0.46 ± 0.22 

 

0.43 ± 0.01 

 

0.50 ± 0.22 

 

 

0.63 ± 0.21 

 

 

L4 0.61 ± 0.09 

 

0.46 ± 0.14 

 

 

0.52 ± 0.11 

 

0.43 ± 0.12 

 
L5 0.42 ± 0.27 

 

0.40 ± 0.04 

 

0.23 ± 0.22 

 

0.39 ± 0.13 

 L6 0.51 ± 0.18 

 

0.64 ± 0.04 

 

0.37 ± 0.14 

 

0.40 ± 0.24 

 L7 0.40 ± 0.12 

 

0.48 ± 0.04 

 

0.40 ± 0.08 

 

0.50 ± 0.08 

 
L8 0.33 ± 0.15 

 

0.15 ± 0.14 

 

0.63 ± 0.04 

 

0.43 ± 0.15 
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Figure 9: The levels of PO₄ in the water at different locations showed significant changes during the study period. 

Conclusion 

In this study, several genera of aquatic fungi and fungus-like 

organisms (Zoosporic Fungi are Achly, Aphanomyces, 

Dictyuchus, Pythium and Saprolegnia Conidial fungi are 

Alternarea, Aspergillus, Curvulari, Fusarium Penicillium and  

Rhizopus) were determined which they grew on the fish pond in 

kulkuni village (Mohamed Faraj), as well as the effect of the 

ecological factors, including particular physical and chemical 

analysis of water like as water temperature, Ph, total, dissolved 

oxygen, total alkalinity, NO3, SO4, and PO4 were the optimum 

range and all the parameter effects on growth of fungus and 

growth of fish. Fungal infections play a significant role in fish 

diseases. There is a substantial amount of literature on fungal 

diseases in fish, and controlling these diseases is vital to ensure 

continued growth in the aquaculture production industry.  

Ongoing research into the underlying molecular processes of 

fungal-host fish interactions is essential.  
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