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To unravel the importance of zoosporic fungi in their participation in the cycling of organic matter 
and humification processes in aquatic ecosystems, this study was conducted to show the 
biodiversity and seasonality of zoosporic fungi, as well as their potential to degrade several 
polymeric materials. Using the baiting technique, twenty-nine species related to seven zoosporic 
fungal genera were collected during four seasons (autumn 2021–summer 2022) from the Nile River 
(from Helwan and El-Manial regions) and irrigation canals (El-Ismailia and El-Ibrahimia Canals) in 
Egypt. Some physicochemical parameters of water were evaluated in correlation with zoosporic 
fungi's occurrence, diversity, and seasonality. Out of isolated fungal taxa, only one species is related 
to one genus of true zoosporic fungi (i.e., Allomyces). In contrast, twenty-eight species are related 
to six genera of straminipiles fungi (i.e., Achlya, Aphanomyces, Dictyuchus, Phytophthora, Pythium, 
and Saprolegnia). The Principal Coordinates Analysis (PCoA) was applied to reveal the correlation 
between the determined abiotic factors and particular species occurrence. The Shannon and 
Simpson indices were used to estimate species diversity, and fungal dominance and evenness were 
assessed to illustrate the richness of the recovered fungal taxa. The current study represents the 
first research concerning the survey, biodiversity, and seasonality of zoosporic fungi in most of the 
experimented water bodies. The most prevalent isolate, Achlya ambisexualis, was selected for 
molecular identification and tested for its potential to produce cellulase, amylase, protease, lipase, 
and asparaginase. This study remarkably suggests producing asparaginase (anticancer) utilizing the 
experimented fungus for the first time.  
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INTRODUCTION 

Aquatic phycomycetes, investigated by Sparrow 
(1960), are not a monophyletic group and include taxa 
whose evolutionary histories are now known to be 
highly diverse (Baldauf, 2008; Gleason et al., 2017). 
The term “aquatic phycomycetes” is no longer used, 
and these organisms are frequently referred to as 
zoosporic true fungi and zoosporic fungus-like 
microorganisms (heterotrophic Straminipila) or by the 
names of the relevant phyla they have been assigned 

(Gleason et al., 2017). The true zoosporic fungi form a 
diverse paraphyletic assemblage at the base of the 
fungal phylogeny and comprise the superphylum 
Chytridiomyceta (phyla Chytridiomycota, 
Monoblepharidomycota, and 
Neocallimastigomycota), the phyla 
Blastocladiomycota, Olpidiomycota, and 
Rozellomycota/Cryptomycota (Naranjo-Ortiz & 
Gabaldón, 2019; Tedersoo et al., 2018). Although 
Straminipila (Hyphochytriomycota, Oomycota, and 
Labyrinthulomycota) frequently inhabit environments 
similar to those of true fungi and share with them 
many ecological functions, trophic strategies, 
morphological, and physiological characteristics, they 
are not considered to be true fungi (Beakes et al., 
2014). To simplify the terminology in research that 
focuses on these groups together, the term "zoosporic 

fungi" refers to both groups (aquatic oomycetes and 
true zoosporic fungi) (Czeczuga & Muszyńska, 2004). 
These organisms are widespread in aquatic 
environments (Barr, 2001; Sparrow, 1960) and play a 
pivotal role in microbial ecology (Gleason et al., 2017; 
Voigt et al., 2013). They are primarily recognized for 
their role as decomposers of persistent organic 
matter, such as cellulose, chitin, and sporopollenin 

(Kiziewicz & Kurzątkowska, 2004; Powell, 1993), as 
well as their known pathogenicity of Saprolegnia and 
Aphanomyces in freshwater animals (Masigol et al., 
2023). These organisms exhibit high abundance and 
diversity on plant debris for decomposition 

(Nikolcheva & Bärlocher, 2004) and are essential 
components of food webs (Jephcott et al., 2016). The 
chemotactic zoospore, the primary means of 
dispersal and substrate infection (Gleason & Lilje, 
2009), is the distinguishing feature of zoosporic fungi. 
They can use various trophic strategies, including 
mutualism, parasitism, and saprotrophism (Gleason 
et al., 2017; Voigt et al., 2013). 

Freshwater ecosystems exhibit many variances in 
terms of their physical and chemical characteristics. 
Variations in abiotic factors appear to be responsible 
for changes in the distribution, species composition, 
and structure of the mycobiota assemblages in terms 
of ecosystem dynamics  (Marano et al., 2011; Shearer 
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et al., 2007). In addition, one of the key variables 
impacting the colonization and diversity of freshwater 
fungi is the sampling season (Cai et al., 2003; Luo et 
al., 2004; Nikolcheva & Bärlocher, 2005).  

Zoosporic fungi are an integral part of any ecosystem 
biota. However, their role in aquatic ecosystems 
receives little attention. These fungi in aquatic 
ecosystems play a key role in the energy transfer from 
allochthonous and autochthonous particles to other 
food chain components. Fungal enzymes have gained 
global recognition for their many applications across 
multiple industries, such as the food, pharmaceutical, 
agricultural, chemical, and petroleum sectors (Abdel-
Azeem et al., 2021; Ali et al., 2020; Latif et al., 2021; 
Tammam et al., 2022; El-Fallal et al., 2022). These 
industries are becoming increasingly popular because 
of their advantages, which include shorter processing 
times, lower costs, nontoxicity, higher-quality 
products, increased efficiency, lower energy input 
requirements, and environmental friendliness. 

Although numerous studies have been conducted on 
zoosporic fungi in the Nile system in Egypt (Ali, 2007; 
El-Hissy et al., 1982; Farida et al., 1993; Khallil et al., 
1995;  Khallil et al., 2020; Moharram et al., 1990), the 
seasonal fluctuations and biodiversity of zoosporic 
fungi in the current study areas have received 
insufficient attention. Therefore, the current study 
attempts to address this gap and aims to track the 
seasonality and biodiversity of heterotrophic 
straminipiles (fungi-like organisms) and true 
zoosporic fungi in correlation with some 
physicochemical characteristics of the water in the 
target study areas.   Since the function of zoosporic 
fungi in aquatic ecosystems (mainly due to their 
participation in the cycling of organic matter) is 
receiving increasing demand, the potential of the 
commonest isolate was tested for some extracellular 
enzymatic activities. 

METHODS 
Description of study areas and sampling sites 

The study water areas lie in Great Cairo (Cairo and Al-
Qalyubia Governorates) and Upper Egypt (Assiut 
Governorate). Cairo Governorate is located on the 
banks and islands of the Nile in the north of Egypt, and 
it is confined between latitudes 22° and 32° north and 
longitudes 25° and 37° east. In Cairo, the summers are 
long, hot, humid, arid, and clear, and the winters are 
cool, dry, and mostly clear. Over the year, the air 

temperature typically varies from 10 °C to 35.5 °C and 
is rarely below 7.7 °C or above 38.8 °C. It is also 
characterized by little rainfall. Al-Qalyubia 
Governorate is located directly north of Cairo 
Governorate on the Nile Delta. It is located within 30° 
north latitude and 31° east longitude, and its height is 
19 meters above sea level. It enjoys a semi-tropical 
desert climate. Over the course of the year, the 
temperature typically varies from 10.6 °C to 35.6 °C 
and is rarely below 7.8 °C or above 38.9 °C. The Assiut 
Governorate (Upper Egypt; 365 km south of Cairo) is 
situated on the banks of the Nile and is bordered on 
both sides by a chain of eastern and western 
mountains. It is confined between latitudes 13° and 
27° north and longitudes 14° and 30° east. In Assiut, 
the summers are long, sweltering, arid, and clear, and 
the winters are short, cool, dry, and mostly clear. Over 
the course of the year, the temperature typically 
varies from 7.7 °C to 38.3 °C and is rarely below 4.4 °C 
or above 42.2 °C. It is also characterized by little 
rainfall. El-Ibrahimia irrigation Canal (the biggest 
irrigation Canal in Egypt) originates from the Nile 
River at Assiut city, extends about 365 km, and 
represents the main source for irrigation in middle 
Egypt Governorates. El-Ismailia Canal originates from 
the Nile River in Cairo and extends east to El-Ismailia 
City (Qanal region). The experimented water samples 
were collected seasonally from El-Ibrahimia Canal 
(Assiut governorate; Upper Egypt) as well as from 
three different water bodies (in Great Cairo), either 
from the Nile River (Helwan and El-Manial regions) or 
El-Ismailia irrigation Canal (Mostorod region; 
Qalubyia Governorate), as depicted in Figures 1 and 2. 

Collection of samples 

Surface water samples were collected seasonally from 
the four described study areas (Helwan region, El-
Manial region, El-Ismailia Canal, and El-Ibrahimia 
Canal) during the period from autumn 2021 to 
summer 2022. Water samples were collected in clean 
and sterile autoclavable glass bottles with a 250-ml 
capacity. From each of the experimented water areas, 
five water samples were collected from different 
points (at about 50-meter intervals) in the bottles 
containing either sterilized sesame seeds or sterilized 
halves of maize grains serving as baits. For the 
determination of some physico-chemical features, 
water samples (one bottle with a 1 l capacity) were 
also collected concomitantly from the same water 
areas and directly brought to the laboratory and  
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Figure 1. A map showing location the four study areas generated in ArcGIS 10.5. 

 
 

 
Figure 2. The four sampling water areas: Nile  River:  (A) Helwan region and (B) El-Manial region Irrigation canals: (C) El-Ismailia Canal and (D) El-
Ibrahimia Canal. 
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analyzed for selected physico-chemical 
characteristics, as well as for the recovery of the 
target heterotrophic straminipiles and true zoosporic 
fungi. 

Limnological study related to physico-chemical 
characteristics of water  

Some physico-chemical characteristics of water 
samples, such as water temperature, dissolved 
oxygen, pH, total soluble salts, and organic matter, 
were determined. Temperature and dissolved oxygen 
were measured in situ; temperature was measured 
with a field probe thermometer (liquid mercury in a 
glass tube), and dissolved oxygen was measured using 
a dissolved oxygen meter (HANNA Instruments model 
H1 9145 microprocessor). The pH was measured ex-
situ using a pH meter (Jenway Model 3510 pH 
meter). Total soluble salts were estimated by filtering 
a known volume of water and evaporating in an oven 
overnight at 105°C. The dry residue was then 
weighed, and the amount of total soluble salts per 
one liter of water was calculated. The organic matter 
contents were chemically estimated based on Jackson 
(1973).  

Mycological Analysis 

Heterotrophic straminipiles and true zoosporic fungi 
were isolated from the collected water samples using 
the baiting technique with sterilized sesame seeds 
and halves of maize grains (Khallil, 1990; El-Hissy and 
Khallil, 1991). Surface water samples from each site 
(about 100 ml) were poured under aseptic conditions 
into sterilized 15-cm Petri dishes (five replicates), 
some plates containing sterilized sesame seeds (5 
seeds for each), and others containing sterilized 
halves of maize grains (5 halves for each). These 
dishes were then left overnight at room temperature 

(El-Hissy and Khallil, 1991). The colonized seeds and 
grains were then transferred into sterilized 9-cm Petri 
dishes containing sterile filtered Canal or Nile water 
with the addition of chloramphenicol (250 mg/l) 

(Roberts, 1963) to suppress bacterial growth. The 
dishes were then incubated at 20±2 °C for one month, 
during which they were examined daily for the growth 
and identification of zoosporic fungal taxa. After that, 
the colonized baits were transferred into new Petri 
dishes with sterilized, filtered Canal or Nile water to 
refresh their growth. Following their nourishment, 
these organisms were cultivated on sterile culture 
media: glucose peptone (GP), as described by 
Willoughby and Pickering (1977). The recovered taxa 
were purified and preserved by multiple transfers to 
new substrates due to difficulties in culturing on agar 

media. For the determination of the fungal population 
of zoosporic fungi, the fungal species appearing on 
one water sample were counted as one colony (CFU). 
The fungal cultures were maintained on GP media, 
stored at 8–12 °C, and subcultured every 2-3 months. 
The occurrence (O), occurrence remarks (OR), and 
population (P) for each recovered zoosporic taxon 
were calculated from the total number of collected 
water samples. 

Identification and documentation 

The identification of zoosporic genera and species 
was performed using microscopic examination based 
on morphological and cultural characteristics (Coker, 
1923; Dick and Seymour, 1970; Johnson, 1971, 1977; 
Karling, 1977; Nikolcheva and Bärlocher, 2005; Scott, 
1961; Sparrow, 1960; Waterhouse, 1956, 1968). 
Photographs were taken using an optical microscope 
(Olympus CX31PF, Tokyo, Japan) coupled with a 
camera (XCAM Family 1080P HDMI+USB Output). 
Some fungal isolates did not form sexual reproductive 
structures, so they were only identified at the genus 
level.  

Statistical analysis 

Principal Coordinate Analysis (PCoA) (Legendre, 1998) 
was applied to elucidate the correlation between the 
monitored abiotic factors and the occurrence of 
particular fungal species. Using PAleontological 
STatistics (PAST), Version 3.25, USA, the fungal taxa (s) 
refers to the number of isolated fungal species from 
collected samples from four water sites; dominance 
(d) defines the dominance of fungal taxa in assayed 
water sites in different seasons; the Simpson index 
illustrates the evenness of the zoosporic fungal 
communities; and the Shannon index is the diversity 
index that estimates the number of fungal individuals, 
taking into consideration the number of fungal taxa. 
The two-way clustering analysis of the recorded 
fungal communities within different seasons and the 
ANOVA (Analysis of Variance) were also estimated 
using the PAST program. Cluster analysis is used to 
determine the occurrence of fungal groups in 
response to various seasons. Moreover, this analysis 
is used to illustrate the significance of clustering 
between different fungal communities. 

Molecular identification of the most prevalent 
fungal isolate 

The fungal isolate was grown on glucose peptone (GP) 
(Willoughby and Pickering, 1977) and incubated at 
20±2°C for 7 days. The whole procedure, from DNA 
extraction until the final step of DNA sequencing, was 
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performed by SolGent Company (Daejeon, South 
Korea). Fungal DNA was extracted and isolated by 
Solg™ Genomic DNA Prep Kit according to the 
manufacturer’s protocol. The internal transcribed 
spacer (ITS) region of the ribosomal DNA was 
amplified using universal primers: ITS1 (5' - TCC GTA 
GGT GAA CCT GCG G - 3'), and ITS4 (5' - TCC TCC GCT 
TAT TGA TAT GC - 3'). Using an ABI 9700 thermal cycler, 
the polymerase chain reaction (PCR) mixtures were 
prepared using SolGent EF-Taq according to the 
manufacturer’s protocol. The PCR product was 
further purified with the SolGent PCR Purification Kit-
Ultra (SolGent, Daejeon, South Korea) prior to 
sequencing. Contigs were created from the 
sequencing data using the CLCBio Main Workbench 
program. The obtained sequences were further 
analyzed using BLAST from the National Center of 
Biotechnology Information (NCBI) website. 
Sequences obtained together with those retrieved 
from the GenBank database 
(http://www.ncbi.nlm.nih.gov) were subjected to the 
Clustal W analysis using MegAlign software version 
5.05 (DNASTAR Inc., Madison, Wisconsin, USA) for the 
phylogenetic analysis (Thompson et al., 1994). 

Screening of enzymes production  

The current study analyzed the enzyme profile of the 
tested fungus to assess its capacity for producing a 
range of significant industrial enzymes. All media 
were inoculated with a 0.5 cm fungal disk from a 7-
day-old fungal  culture. The plates were incubated at 
25°C for 72h. All measurements were made in 
triplicate. 

Cellulase  

The ability of cellulose breakdown was assessed by 
cultivating the fungal isolate on CMC agar medium 
(g/l), which consisted of carboxymethylcellulose (10.0 
g/l), KH₂PO₄ (4.0 g/l), Na₂HPO₄ (4.0 g/l), tryptone (2.0 
g/l), MgSO₄.7H₂O (0.2 g/l), CaCl₂.2H₂O (0.001 g/l), 
FeSO₄.7H₂O (0.004 g/l), and agar (15.0 g/l), with a pH 
of 7.0 (Behera et al., 2017). Traces of Rose Bengal 
were added to the media as a cellulose degradation 
indicator. The presence of a clear zone, which can be 
enhanced by re-incubating the plates at 50°C for 4–8 
hours around the growth, was considered a positive 
result for cellulase degradation (Makeshkumar, 
2011).  

Amylase 

The extracellular amylolytic activity was assessed by 
cultivating the fungal isolate on a medium containing 
(g/l): soluble starch (2.0); yeast extract (15.0); agar 

(18.0); and one liter of distilled water.  The plates were 
incubated for 3–5 days at 25 °C, then flooded with IKI 
solution. A clear yellow zone around the colony with 
a blue background was considered a positive test for 
starch hydrolysis (Hankin and Anagnostakis, 1975). 

Protease  

Gelatin agar medium was used for the determination 
of proteolytic activity, as described by Ammar et al. 
(1991). The media contain (g/l): 20.0 gelatin and 20.0 
agar in 0.2M phosphate buffer, pH = 7. The inoculated 
plates were incubated at 25 °C for 3–5 days. After the 
incubation period, the plates were flooded with 
Frazier’s reagent consisting of the following: HgCl₂, 5.0 
g; 20 ml. conc. HCl; and 100 ml. of distilled water 
(Bisson and Cabellii, 1979). If the fungus produced 
protease, a clear zone around the colony against an 
opaque background could be seen. 

Lipase  

The extracellular lipolytic activity was assayed 
according to the method of Sierra (1957). The 
following media were used to culture the selected 
fungal isolates: peptone 8.0 g; CaC12.2H2O 0.1 g; 
Tween 80 (polyoxyethylene sorbitan monooleate) 10 
ml.; agar 20.0 g; and one liter of distilled water. Tween 
80 was sterilized separately and added to the cooled 
autoclaved medium. The occurrence of white 
precipitation or fatty acid crystals around the colony 
was considered a positive test of lipase activity. 

Asparaginase  

Asparaginase activity was assayed using a modified 
Czapek Dox medium (Gulati et al., 1997) that 
contained (g/l): 6.0 Na₂HPO₄; 2.0 KH₂PO₄; 0.5 NaCl; 0.2 
MgSO₄.7H₂O; 0.005 CaCl₂.2H₂O; and 20.0 L-asparagine 
in distilled H₂O adjusted to pH 5.5. The medium was 
supplemented with 2% agar and 0.009% phenol red 
(Sigma-Aldrich). Production of asparaginase was 
indicated by a change in the medium's color from 
yellow to red. 

Laccase  

The laccase activity was determined according to Coll 
et al. (1993). The media was composed of, in g/l: 3.0 
peptone, 10.0 glucose, 0.6 KH₂PO₄, 0.001 ZnSO₄, 0.4 
K₂HPO₄, 0.0005 FeSO₄, 0.05 MnSO₄, 0.5 MgSO₄, 20.0 
agar (pH 5.0), and 0.02% guaiacol. The inoculated 
plates were incubated at 25 °C for 3–5 days. Laccase 
production was indicated when laccase catalyzed the 
oxidative polymerization of guaiacol, and reddish-
brown zones in the medium appeared.  
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RESULTS 
Physico-Chemical Characteristics of Water 

The physicochemical characteristics of the collected 
water samples are summarized in Table 1. Water 
temperature varied in the sampling seasons (ranging 
from 14.0 °C to 31.5 °C), recording the highest value 
(31.5°C) during the summer in El-Ibrahimia Canal, 
Assiut Governorate, whereas the lowest (14.0°C) in 
the winter in the Nile River, Helwan, Cairo. The pH 
values of the water samples were neutral to 
moderately alkaline (fluctuated between 7.0 and 8.7). 
Total soluble salts exhibited significant variations and 
fluctuated between 120 and 470 mg/l, depending on 
the sampling site and season. The highest values of 
total soluble salts were recorded in El-Ismailia Canal, 
Mostorod, Al-Qalyubia Governorate, ranging from 
297.0 mg/l during the summer to 470.0 mg/l during 
the spring, whereas the lowest value (120 mg/l) was 
recorded in El-Ibrahimia Canal during the winter. The 
organic matter contents varied between 11.3 mg/l in 
El-Ibrahimia Canal during the summer and 64.6 mg/l 
in El-Ismailia Canal during the spring. The dissolved 
oxygen ranged between 5.3 mg/l and 9.9 mg/l. The 
highest value (9.9 mg/l) was recorded during the 
winter in the Nile River, Helwan, but the lowest value 
(5.3 mg/l) was recorded during the summer in El-
Ismailia Canal.  

Mycological Analysis (Diversity, occurrence, and 
seasonality of zoosporic fungi) 

Table 2 illustrates the biodiversity, seasonal 
fluctuations, occurrence, and population of zoosporic 
fungi in the four study water areas, either the Nile 
River (Helwan and El-Manial) or irrigation canals (El-
Ibrahimia and El-Ismailia), during the four seasons 
(from autumn, 2021 to summer, 2022). Twenty-nine 
fungal species related to seven genera of either true 
zoosporic fungi (Allomyces) or straminipiles fungi 
(Achlya, Aphanomyces, Dictyuchus, Phytophthora, 
Pythium, and Saprolegnia) emerged using sterilized 
sesame seeds and halves of maize grains as baits. The 
results revealed that the most prevalent genera were 
Achlya (7 identified species and one unidentified), 
Pythium (4 identified species and one unidentified), 
Dictyuchus (3 species), and Phytophthora (2 identified 
species and one unidentified) emerging from 100%, 
100%, 93.75%, and 68.75% of total samples (high 
occurrence), respectively; each was represented in all 
seasons. Saprolegnia (7 identified species and one 
unidentified) was a moderate seasonal occurrence 
(50% of total samples), represented in autumn and 

winter but completely missed in both spring and 
summer. Allomyces, appeared in winter and spring, 
and Aphanomyces, in spring and summer, were the 
less frequent genera (rare occurrences), and each was 
represented in 12.5% of total samples (one 
unidentified species for each). Achlya and 
Saprolegnia had the broadest species spectra, 
whereas Allomyces and Aphanomyces had the 
narrowest species spectra (only one unidentified 
species represented each). Regarding particular 
species, Achlya ambisexualis (75% of total samples), 
Achlya proliferoides, and Dictyuchus sterilis (68.75% 
of total samples for each) were the most frequent 
ones appearing in all seasons; they also emerged from 
four experimental water areas. The remaining 
species, as shown in Table 2, had a moderate, low, or 
rare frequency of occurrence (6.25%–50% of total 
samples).  

Regarding the experimented water areas (Figure 3), 
the Nile River at Helwan exhibited the highest 
occurrence of fungal biodiversity with 26 species 
related to 6 genera, followed by El-Ibrahimia Canal 
with 20 species related to 6 genera and El-Manial with 
17 species related to 5 genera. In contrast, the lowest 
occurrence of fungal diversity was recorded in El-
Ismailia Canal at Mostorod with 15 species related to 
5 genera. The most predominant species at Helwan 
was Achlya ambisexualis, which appeared in all 
seasons. However, at El-Manial, Dictyuchus magnusii 
and Phytophthora sp. were the most prevalent 
species appearing in the sampling seasons except the 
summer. In El-Ismailia Canal, Achlya ambisexualis and 
Pythium thalassium had the highest seasonal 
occurrences, whereas in El-Ibrahimia Canal, Achlya 
proliferoides had the highest frequency of 
occurrences; each appeared in all sampling seasons. 
Furthermore, three fungal species, i.e., Allomyces sp., 
Achlya conspicua, and Saprolegnia turfosa emerged 
only from Helwan and disappeared entirely in the 
other water areas. Conversely, two zoosporic fungal 
taxa, i.e., Aphanomyces sp. and Phytophthora 
fragariae exclusively appeared in El-Ibrahimia Canal. 
Micrographs of some representative zoosporic fungal 
species are presented in Figure 4. 

Palatability and preference of zoosporic fungi for 
different baiting substrates 

Table 3 shows that the isolated fungal taxa varied in 
terms of the preference of the baits employed. In this 
respect, Achlya americana, A. conspicua, A. dubia, A.  
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Table 1. Means of some evaluated physico-chemical features of surface water samples collected from four water areas in Egypt: Helwan region 
(HE), El-Manial region (MA), El-Ismailia Canal (IS), and El-Ibrahimia Canal (IB) during four seasons (from autumn 2021 to summer 2022). 

Seasons Autum Winter 
Water areas HE MA IS IB HE MA IS IB 
Temperature (°C) 21.0 20.5 22.0 22.5 14.0 15.5 14.5 19.5 
pH 7.4 8.1 7.8 7.9 8.1 7.5 8.3 8.7 
Total soluble salts (mg/L) 192.0 240.0 325.0 208.2 188.0 290.3 355.5 120.0 
Organic matter content (mg/L) 33.4 15.6 38.6 28.5 39.8 22.5 42.3 26.9 
Dissolved oxygen (mg/L) 9.2 8.5 6.7 8.4 9.9 9.0 6.6 9.8 
Seasons Spring Summer 
Water areas Parameters HE MA IS IB HE MA IS IB 
Temperature (°C) 27.0 25.5 26.0 26.5 28.0 30.0 30.5 31.5 
pH 7.8 7.0 8.5 8.2 7.6 7.1 8.0 8.1 
Total soluble salts (mg/L) 123.5 244.5 470.0 176.5 236.6 225.0 297.0 231.0 
Organic matter content (mg/L) 22.1 18.5 64.6 22.8 26.9 12.1 25.1 11.3 
Dissolved oxygen (mg/L) 9.3 7.9 7.1 8.1 7.2 7.1 5.3 6.9 

 
Table 2. Seasonal variations, occurrence (O), and population (P) of zoosporic fungi in surface water samples collected seasonally (autumn 2021 to 
summer 2022) from five points  in each of the four study areas: Helwan region  (H), El-Manial region (M), El-Ismailia Canal (S), and El-Ibrahimia 
Canal (B). 

Season Autmn Winter Spring Summer Total 
Water sites                 H M S B H M S B H M S B H M S B O O% OR P P% 
Allomyces sp. 0 0 0 0 3 0 0 0 2 0 0 0 0 0 0 0 2 12.5 R 5 1.58 
Achlya 
A. ambisexualis (Johnson) 
A. americana (Humphrey) 
A. conspicua (Coker) 
A. dubia (Coker) 
A. flagellate (Coker) 
A. prolifera (Nees) 
A. proliferoides (Coker) 
Achlya sp. 

1 
4 
3 
0 
0 
3 
4 
0 
2 

1 
2 
0 
0 
3 
0 
2 
0 
0 

1 
2 
0 
0 
0 
0 
0 
5 
0 

1 
2 
2 
0 
0 
0 
3 
3 
2 

1 
5 
2 
3 
2 
3 
0 
2 
4 

1 
2 
1 
0 
0 
2 
0 
3 
0 

1 
3 
0 
0 
2 
0 
0 
1 
2 

1 
1 
1 
0 
0 
3 
1 
2 
0 

1 
2 
3 
1 
2 
4 
0 
1 
0 

1 
0 
2 
0 
0 
0 
0 
0 
3 

1 
1 
0 
0 
0 
0 
2 
3 
0 

1 
0 
0 
0 
3 
2 
0 
3 
0 

1 
2 
0 
0 
0 
0 
0 
1 
0 

1 
0 
0 
0 
0 
0 
2 
0 
2 

1 
1 
0 
0 
0 
0 
1 
0 
0 

1 
0 
0 
0 
0 
0 
0 
2 
2 

16 
12 
7 
2 
5 
6 
7 
11 
7 

100 
75 
43.75 
12.5 
31.25 
37.5 
43.75 
68.75 
43.75 

H 
H 
M 
R 
M 
M 
M 
H 
M 

132 
27 
14 
4 
12 
17 
15 
26 
17 

41.9 
8.57 
4.44 
1.26 
3.80 
5.39 
4.76 
8.25 
5.39 

Aphanomyces sp. 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 2 12.5 R 5 1.58 
Dictyuchus 
D. magnusii (Lindst) 
D. monosporus (Letig) 
D. sterilis (Coker) 

1 
3 
0 
2 

1 
2 
0 
0 

1 
0 
0 
3 

1 
0 
3 
0 

1 
0 
2 
3 

1 
2 
0 
0 

1 
0 
0 
2 

1 
0 
0 
2 

1 
0 
3 
2 

1 
3 
0 
1 

1 
0 
2 
1 

1 
0 
0 
3 

1 
2 
2 
0 

1 
0 
0 
3 

0 
0 
0 
0 

1 
0 
0 
2 

15 
5 
5 
11 

93.75 
31.25 
31.25 
68.75 

H 
M 
M 
H 

48 
12 
12 
24 

15.2 
3.80 
3.80 
7.61 

Phytophthora 
P. inflata (Caros. & Tucker) 
P. fragariae (Hickman) 
Phytophthora sp. 

1 
0 
0 
2 

1 
0 
0 
3 

1 
0 
0 
2 

0 
0 
0 
0 

1 
1 
0 
2 

1 
0 
0 
2 

1 
0 
0 
1 

0 
0 
0 
0 

1 
1 
0 
0 

1 
0 
0 
3 

0 
0 
0 
0 

1 
0 
1 
2 

0 
0 
0 
0 

0 
0 
0 
0 

1 
2 
0 
0 

1 
0 
2 
0 

11 
3 
2 
8 

68.75 
18.75 
12.5 
50 

H 
L 
R 
M 

24 
4 
3 
17 

7.61 
1.26 
0.95 
5.39 

Pythium 
P. irregulare (Buisman) 
P. rostratum (E.J. Butler) 
P. thalassium (Atkins) 
P. vexans (de Bary) 
Pythium sp. 

1 
2 
0 
0 
0 
3 

1 
1 
1 
0 
0 
0 

1 
0 
0 
2 
0 
0 

1 
1 
0 
0 
0 
0 

1 
0 
2 
0 
0 
3 

1 
0 
0 
1 
0 
0 

1 
0 
0 
1 
0 
0 

1 
0 
0 
0 
2 
0 

1 
0 
0 
0 
1 
0 

1 
0 
0 
2 
0 
0 

1 
0 
0 
1 
0 
0 

1 
0 
0 
0 
2 
2 

1 
3 
0 
0 
0 
0 

1 
2 
0 
0 
0 
0 

1 
0 
0 
1 
0 
1 

1 
2 
0 
0 
0 
0 

16 
6 
2 
6 
3 
4 

100 
37.5 
12.5 
37.5 
18.75 
25 

H 
M 
R 
M 
L 
L 

36 
11 
3 
8 
5 
9 

11.5 
3.49 
0.95 
2.53 
1.58 
2.85 

Saprolegnia 
S. anisospora (de Bary) 
S. diclina (Humphrey) 
S. ferax ((Gruith.) Kutz) 
S. furcate (Maurizio) 
S. hypogyna (Seymour) 
S. parasitica (Coker) 
S. turfosa (Minden) 
Saprolegnia sp. 

1 
0 
2 
3 
0 
3 
0 
0 
0 

0 
0 
1 
0 
0 
0 
0 
0 
0 

1 
0 
0 
2 
0 
2 
0 
0 
0 

1 
0 
0 
1 
0 
0 
1 
0 
0 

1 
1 
3 
4 
2 
5 
3 
1 
2 

1 
0 
0 
2 
1 
3 
0 
0 
2 

1 
0 
2 
3 
0 
4 
0 
0 
1 

1 
2 
0 
3 
2 
0 
2 
0 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

8 
2 
3 
8 
3 
5 
3 
1 
4 

50 
12.5 
18.75 
50 
18.75 
31.25 
18.75 
6.25 
25 

M 
R 
L 
M 
L 
M 
L 
R 
L 

65 
3 
7 
19 
5 
17 
6 
1 
7 

20.6 
0.95 
2.22 
6.03 
1.58 
5.39 
1.90 
0.31 
2.22 

Total                     315  

OR: Occurrence remarks, H: High occurrence (60%–100% of total samples), M: Moderate occurrence (30%–< 60% of total samples), L: Low 
occurrence (15%–<30% of total samples), and R: Rare occurrence (Less than 15% of total samples). 
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Figure 3. (A) Seasonal fluctuations of zoosporic fungi recovered from Helwan Nile River. (B) Seasonal fluctuations of zoosporic fungi recovered 
from El-Manial Nile River. (C) Seasonal fluctuations of zoosporic fungi recovered from El-Ismailia canal. (D) Seasonal fluctuations of zoosporic 
fungi recovered from El-Ibrahimia canal 
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Figure 4. General microscopic characteristics of some representative isolates, A-B: Achlya sp. (A: gemmae, B: gemmae germination), C-D: Achlya 
ambisexualis (C: encysment of primary zoospores on sporongial mouth, D: immature oogonia with diclinous antheridia), E: Achlya flagellate 
(immature oogonia with diclinous antheridia), F-G: Achlya proliferoides (F: hyphae with antheridial branches entwined around them, G: 
germination of zoospore cyst by germtube), H-L: Achlya americana (H,I: baiting on sesame seed, J: immature oogonia and antheridia, K: immature 
oogonia with monoclinous antheridia, L: mature oogonia with monoclinous antheridia), M: Phytphothra sp., N: Pythium sp.,  O-Q: Dictyuchus 
sterilis (spores emerging from their cysts through sporangium wall leaving a network of cyst walls within), R-T: Saprolegnia ferax (R: gemmae, S: 
proliferation of zoosporagium, T: mature oogonium with centric oospores and pitted wall), U: Saprolegnia anisospora (mature oogonium with 
eccentric oospores), V: Saprolegnia hypgyna (mature oogonium with centric oospores and hypogynous antheridia), W: Saprolegnia turfosa 
(typical short stalked oogonium with centric oospores). 
 
flagellate, Achlya sp., Dictyuchus magnusii, D. 
monosporus, Pythium thalassium, and all species of 
both Saprolegnia and Allomyces showed an exclusive 
preference for sesame seeds as baits since they 
largely disregarded maize grains. In contrast,  
 

Phytophthora inflata, P. fragariae, Pythium rostratum, 
P. vexans, and Pythium sp. exclusively colonized maize 
grains. Both baits were able to recover the remaining 
fungal taxa. In conclusion, most zoosporic fungi prefer 
sesame seeds to maize grains as bait. 
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Table 3. Zoosporic fungi recovered on two baiting substrates 
(Sesame seeds and maize grains) 

Substrates Sesame seeds Maize grains 

Allomyces sp. + - 
Achlya 
A. ambisexualis (Johnson) 
A. americana (Humphrey) 
A. conspicua (Coker) 
A. dubia (Coker) 
A. flagellate (Coker) 
A. prolifera (Nees) 
A. proliferoides (Coker) 
Achlya sp. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
- 
- 
- 
- 
+ 
+ 
- 

Aphanomyces sp. + - 
Dictyuchus 
D. magnusii (Lindst) 
D. monosporus (Leitg.) 
D. sterilis (Coker) 

+ 
+ 
+ 
+ 

+ 
- 
- 
+ 

Phytophthora 
P. inflata (Caros. & Tucker) 
P. fragariae (Hickman) 
Phytophthora sp. 

+ 
- 
- 
+ 

+ 
+ 
+ 
+ 

Pythium  
P.irregulare (Buisman) 
P. rostratum (E.J. Butler) 
P. thalassium (Atkins) 
P.vexans (de Bary) 
Pythium sp. 

+ 
+ 
- 
+ 
- 
- 

+ 
+ 
+ 
- 
+ 
+ 

Saprolegnia 
S. anisospora (de Bary) 
S. diclina (Humphrey) 
S. ferax ((Gruith.) Kutz) 
S. furcate (Maurizio) 
S. hypogyna (Seymour) 
S. parasitica (Coker)| 
S. turfosa (Minden)  
Saprolegnia sp. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

- 
- 
- 
- 
- 
- 
- 
- 
- 

 
Statistical analysis  
The diversity of zoosporic fungi 
The diversity of zoosporic fungi was calculated, 
including fungal taxa(s), which represents the number 
of isolated zoosporic fungal species from collected 
samples; dominance (d) indicates the fungal taxa 
dominance in a particular site or season; the Simpson 
index illustrates the evenness of the zoosporic fungal 
community; and Shannon index is the diversity index, 
which estimates the number of fungal individuals 
while accounting for the number of fungal taxa. 
Therefore, Table 4 demonstrates that the highest taxa 
of zoosporic fungi were recorded in the winter 
compared to the other sampling seasons, irrespective 
of the sampling water site. The summer was the 
poorest in zoosporic fungal diversity. Furthermore, 
the sampling water areas varied in terms of the 
seasonality of the collected fungi. In this respect, in 
the winter, the highest fungal taxa were estimated for 
Helwan with 22 fungal species, followed by El-
Ibrahimia Canal with 12 fungal taxa, and both El-

Manial and El-Ismailia Canal recording 11 fungal taxa 
for each. On the other hand, the lowest zoosporic 
fungal taxa were recorded during the summer in El-
Manial with 4 fungal species, both Helwan and El-
Ismailia Canal with 5 fungal species for each, and El-
Ibrahimia Canal with 6 fungal species.  

Consequently, the highest dominance of zoosporic 
fungi was recorded in the summer compared to the 
other seasons, irrespective of the experimented 
water site. The highest Simpson and Shannon 
diversity indexes for isolated fungal taxa were 
estimated during the winter, regardless of the 
experimented water sites. In comparison between 
the different study water areas in the winter, the 
highest Simpson index was recorded for Helwan as 
0.9465, followed by El-Ibrahimia Canal as 0.9074, El-
Manial as 0.898, and El-Ismailia Canal as 0.8884. 
Moreover, the highest Shannon diversity was 
recorded for water samples collected from Helwan as 
3.003, followed by El-Ibrahimia Canal (2.427), El-
Manial (2.335), and El-Ismailia Canal (2.287). Species 
evenness illustrates the relative abundance of the 
different species in a specific community. The highest 
species evenness was recorded in the water samples 
collected from El-Ibrahimia Canal and El-Manial 
during the summer, yielding values of 0.9866 and 
0.9828, respectively. 

Interaction of fungal occurrence with the 
physicochemical parameters of water samples  
The obtained data revealed that most zoosporic fungi 
prefer low or moderate temperatures, relatively high 
contents of organic matter, high dissolved oxygen, and 
relatively low total soluble salts. pH did not display a 
regular pattern according to the sampling season, 
water site, or water body; it, thus, did not affect 
governing the occurrence, biodiversity, and 
seasonality of the collected zoosporic fungi. The 
occurrence of collected fungi exhibited a variable 
preference for determined abiotic factors, depending 
on the fungal species and the determined parameter. 
Figure 5 indicates the Principal Coordinate Analysis 
(PCoA) of the interaction between the isolated 
zoosporic fungi  and the measured physicochemical 
properties of the water samples collected in different 
seasons from different water bodies. In winter, the 
temperature exhibited an interaction with the 
occurrence of Achlya prolifera, Pythium vexans, and 
Achlya flagellate, whereas the dissolved oxygen 
influenced Achlya americana, Achlya proliferoides, 
and Saprolegnia sp. Zoosporic fungi, namely 
Saprolegnia ferax, Dictyuchus sterilis, Saprolegnia 
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Table 4. The diversity of zoosporic fungi isolated from water samples collected from four water areas either Nile River (Helwan, HE and El-
Manial, MA regions) or irrigation canals (El-Ismailia canal, IS and El-Ibrahimia canal, IB) during four seasons (from autumn 2021- summer 2022) 

 Summer Autumn 
HE MA IS IB HE MA IS IB 

Taxa (S) 5 4 5 6 13 8 7 9 
Individuals 10 9 6 13 36 15 15 18 
Dominance (D) 0.22 0.2593 0.2222 0.1716 0.08179 0.1467 0.1667 0.1296 
Simpson (1-D) 0.78 0.7407 0.7778 0.8284 0.9182 0.8533 0.8333 0.8704 
Shannon (H) 1.557 1.369 1.561 1.778 2.534 1.991 1.875 2.11 
Evenness (eH/S) 0.949 0.9828 0.9524 0.9866 0.9691 0.9157 0.9317 0.9165 
 Winter Spring 

HE MA IS IB HE MA IS IB 
Taxa (S) 22 11 11 12 11 6 6 10 
Individuals 58 21 22 23 22 14 10 22 
Dominance (D) 0.05351 0.102 0.1116 0.09263 0.1116 0.1837 0.2 0.1074 
Simpson (1-D) 0.9465 0.898 0.8884 0.9074 0.8884 0.8163 0.8 0.8926 
Shannon (H) 3.003 2.335 2.287 2.427 2.287 1.735 1.696 2.264 
Evenness (eH/S) 0.9155 0.9386 0.8953 0.9437 0.8953 0.9446 0.9084 0.9617 

 
parasitica, Saprolegnia ambisexualis, and Saprolegnia 
furcate, demonstrated an interaction with the pH 
value of the water samples collected in winter (Figure 
5A). Total soluble salts (TSS) influenced the 
occurrence of Pythium thalassium and Phytophthora 
sp., whereas organic matter (OM) was associated with 
the occurrence of Achlya dubia, Saprolegnia diclina, 
Achlya ambisexualis, Saprolegnia hypogyna, and 
Achlya sp. In spring, the physicochemical parameters 
of water samples revealed that temperature and 
dissolved oxygen affected the occurrence of all Achlya 
dubia, Pythium vexans, Dictyuchus sterilis, 
Phytophthora inflata, Allomyces sp., Achlya 
conspicua, and Achlya flagellate, while organic matter 
and total soluble salts influenced the occurrence of 
Achlya prolifera and Pythium thalassium, and organic 
matter affected the prevalence of Achlya proliferoides 
(see Fig. 5B). On the other hand, the pH value of water 
samples impacted the incidence of Achlya 
ambisexualis, Dictyuchus monosporus, and Achlya 
proliferoides. The physicochemical parameters of the 
collected water during autumn illustrated that the 
total soluble salts, organic matter, and temperature 
affected the frequency of zoosporic fungi, namely 
Dictyuchus sterilis, Achlya proliferoides, and Pythium 
thalassium, whereas dissolved oxygen influenced the 
dominance of Dictyuchus magnusii, Phytophthora 
inflata, and Achlya prolifera (see Fig. 5C). pH values 
showed an interaction with Achlya dubia, Pythium 
rostratum, Phytophthora sp., Dictyuchus magnusii, 
and Saprolegnia parasitica. In the summer, the 
incidence of zoosporic fungi, Pythium sp., 
Phytophthora inflata, and Pythium thalassium 
exhibited an interaction with total soluble salts and 
pH values of water samples, while dissolved oxygen 
and organic influenced the occurrence of Achlya 

ambisexualis, Dictyuchus magnusii, and Dictyuchus 
monosporus (see Fig. 5D). The temperature had an 
impact on the prevalence of Aphanomyces sp. and 
Phytophthora fragariae. 

Cluster analysis of zoosporic fungi isolated from the 
four water sites 

The cluster analysis of the collected zoosporic fungi 
from four water areas during different seasons 
showed a prominent grouping of the fungal 
communities (see Fig. 6). The results showed that 
there is a significant difference between the 
occurrence of fungal communities in winter 
compared to the other sampling seasons. In contrast, 
autumn and summer exhibited a similarity in this 
respect. The two-way cluster analysis of isolated fungi 
showcased a noticeable variation between four fungal 
groups. The first group involved Saprolegnia 
anisospora, Saprolegnia furcate, Saprolegnia turfosa, 
Saprolegnia diclina, Saprolegnia parasitica, 
Saprolegnia hypogyna, Saprolegnia ferax, 
Saprolegnia sp., Achlya ambisexualis, Pythium 
rostratum, Achlya americana, and Phytophthora sp. 
The second group was represented by nine fungal 
species: namely, Achlya conspicua, Allomyces sp., 
Pythium thalassium, Achlya proliferoides, Achlya 
dubia, Achlya flagellate, Dictyuchus monosporus, 
Dictyuchus sterilis, and Pythium vexans. The third 
fungal community included five fungal species 
(namely, Achlya prolifera, Pythium irregulare, 
Dictyuchus magnusii, Pythium sp., and Achlya sp.). 
The fourth fungal group contained three fungal 
species: namely, Phytophthora inflata, Aphanomyces 
sp., and Phytophthora fragariae.  
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Figure 5. Principal Coordinates Analysis (PCoA) showed the 
interaction of fungal occurrence with the physicochemical 
parameters of water samples collected during (A) Winter, (B) 
Spring, (c) Autumn and (D) Summer. All. sp.= Allomyces sp., A. a= 
Achlya ambisexualis, A. am= A. americana, A. C= A. conspicua, A. 
d= A. dubia, A. f= A. flagellate, A. p= A. prolifera, A. pr= A. 
proliferoides, Ach sp.= Achlya sp., Aph. sp= Aphanomyces sp., D. m= 
Dictyuchus magnusii, D. mo= D. monosporus, D. s= D. sterilis, P. i= 
Phytophthora inflata, P. f= P. fragariae, Phy sp.= Phytophthora sp., 
P. ir= Pythium irregulare, P. r= P. rostratum, P. t= P. thalassium, P. v= 
P.vexans, Py sp.= Pythium sp., S. a= Saprolegnia anisospora, S. d= S. 
diclina, S. f= S. ferax, S. fu= S. furcate, S. h= S. hypogyna, S. p= S. 
parasitica, Sap sp.= Saprolegnia sp. 

ANOVA analysis 

The ANOVA (Analysis of Variance) was employed to 
investigate the statistically significant differences 
between the recorded zoosporic fungi in the different 
seasons. Hence, the mean values and variances of the 
respective fungal groups are compared across 
different seasons. The ANOVA analysis showed that 
the occurrence of zoosporic fungi was significantly 
different throughout different seasons (p=0.000701), 
as shown in Table 5. 

Molecular identification of the most prevalent 
fungal isolate 

nucleotide sequence of fungal DNA was examined 
using enhanced BLAST (Megablast) searches from the 
National Center for Biotechnology Information (NCBI) 
GenBank database, as illustrated in Fig.7. The fungal 
isolate was identified as Achlya ambisexualis and 
submitted to GenBank as Achlya ambisexualis isolate 
Y6 with the fungus ID PP406471. In addition, the 
constructed phylogenetic tree of the partial 
sequence, together with sequences from other fungi 
in GenBank, revealed that Achlya ambisexualis isolate 
Y6 (PP406471) shares a high similarity of 99% with 
Achlya ambisexualis strain ID FJ545256. 

Screening of enzymes production from Achlya 
ambisexulais 

According to Table 6 and Fig. 8, Achlya ambisexualis 
could produce cellulase, amylase, protease, lipase, 
and asparaginase but not laccase. Protease showed 
the highest activity zone diameter, whereas amylase 
demonstrated the lowest activity zone diameter. 

DISCUSSION 
Water temperature, total soluble salts, organic matter 
content, and dissolved oxygen were noticeably varied 
depending on the sampling site and season. The 
winter was the richest in fungal diversity and 
occurrence compared to the other sampling seasons. 
This finding was supported by the two-way cluster 
analysis and ANOVA statistical analysis. The result 
showed that the seasonal occurrence of zoosporic 
fungi was affected by water temperature. It is 
concluded that  most zoosporic fungi prefer relatively 
low or moderate temperatures. This is consistent with 
the results of Khallil et al. (1995), Khallil et al. (2020) 
Klich and Tiffany (1985), and  Muhsin (2012), 
confirming that temperature is a significant factor 
influencing the diversity, frequency, and seasonal 
fluctuations of aquatic fungi. Similarly, Marano et al. 
(2008) found that the maximum frequency of  
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Figure 6. Cluster analysis of zoosporic fungi isolated from four water sites during different seasons showed an obvious grouping of the fungal 
communities 
 

Table 5. Analysis of Variance (ANOVA) of the seasonality of zoosporic fungi 
 

Sum of sqrs Df Mean square F p (same) 
Between groups: 23.4052 3 7.80172 6.097 0.000701 
Within groups: 143.31 112 1.27956 

  

Total: 166.716 115 0.0007 
  

 

 
Figure 7. Maximum likelihood phylogenetic tree based on ITS sequencing of rDNA of the fungal strain Achlya ambisexualis AUMC 16005 (arrowed) 
aligned with closely related sequences of fungal strains accessed from the GenBank. Saprolegnia ramosa is included in the tree as an outgroup 
strain. (A. =Achlya, S.= Saprolegnia). 
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Table 6. Qualitative screening for cellulase, amylase, protease, 
lipase, asparaginase and laccase producers Achlya ambisexualis 
using different tests. 

Enzymes  Activity zone Diameter (mm) 
Cellulase  
Amylase 

34 ±2.3 
26 ±3.7 

Protease 55 ±2.8 
Lipase 44 ± 2.6 
Asparaginase 51 ±2.0 
Laccase 0 

*Mean of three replicates and ±standard error mean (SEM) 
 

 

 

 

Figure 8. Achlya ambisexualis enzymatic activities after incubation 
for 72 h at 25°C. (A) cellulase, (B) amylase, (C) protease, (D) lipase, 
and (E) asparaginase. 
 

zoosporic fungi was observed at the lowest 
temperatures.  Voronin (2008) also reported that 
temperature significantly impacts the development 
and occurrence of zoosporic fungi and the 
concentration of dissolved oxygen in the water. 
Furthermore, Khallil et al. (2020) confirmed that 
water temperature was one of the main limiting 
factors governing the seasonal occurrence of 
zoosporic fungi. Conversely, Paliwal (2009) clarified 
that the winter period, when the temperature 
reaches below 12°C, had the lowest number of 

zoosporic taxa, while the spring and rainy seasons 
with temperatures between 14.4–16.5 °C had the 
highest number. According to Nair and Bhat (2016), 
the monsoon season, followed by the post-monsoon 
and summer, is the most favorable for recovering 
water molds. This discrepancy could be explained by 
the temperature variations among the examined 
geographic areas. Considering the involvement of 
zoospores in distinct food webs, according to Gleason 
et al. (2008), an increase in temperature may lead to 
an increase in competitors because there are more 
consumers, such as rotifers, nematodes, and 
protozoa. Furthermore, the higher water temperature 
created ideal conditions for bacteria in the summer, 
which could compete with zoosporic fungi for organic 
matter. This could account for the low species 
diversity, abundance, and occurrence of zoosporic 
fungi observed in these conditions.   

The water samples' pH values showed no consistent 
variations, regardless of the sampling site and season. 
This aligns with Khallil et al. (2020) who stated that pH 
did not exhibit any considerable influence on the 
seasonality and biodiversity of straminipiles and true 
zoosporic fungi. In contrast, DiLeo et al. (2010) 
pinpointed that pH was the main factor influencing 
the abundance of water mold in the field. They also 
found that zoosporic fungal abundance was 
significantly decreased when the pH of the naturally 
acidic water of the Pine Barrens increased, and that 
improving conditions through a decrease in the pH of 
the impacted water increased fungal abundance. 

Total soluble salts, i.e., the amount of salt dissolved in 
the water, exhibited significant variations depending 
on the sampling sites and seasons. The result showed 
that water sites with higher values of total soluble 
salts exhibited the lowest occurrence, biodiversity, 
and population of zoosporic fungi. The water samples 
collected from El-Ismailia Canal, which recorded the 
highest total soluble salts, were the poorest in 
zoosporic fungi, irrespective of the sampling season. 
Conforming to our results, Khallil et al. (2020) 
highlighted that high salinity levels had an adverse 
impact on the diversity, abundance, and seasonal 
occurrence of zoosporic fungi. In contrast, Gleason et 
al. (2006) stated that several species of true zoosporic 
fungus (Chytridiomycota) can withstand varying 
salinities. Voronin (2008) also indicated that fungi can 
tolerate higher salt concentrations at lower 
temperatures. 

The current study elucidated that water sites with 
higher organic matter exhibited the highest 
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occurrence of zoosporic fungi. In agreement with our 
findings, Ali (2007), Khallil et al. (2020), Shearer et al. 
(2007), and Voronin (2008) reported that water 
samples with high organic matter had the most 
significant amount of zoosporic fungi. Rarely and 
uniquely, although the water samples collected from 
El-Ismailia Canal recorded relatively higher levels of 
organic matter contents, they were the lowest in 
fungal occurrence. The elevated salt level may be 
attributed to this finding. Similarly, Voronin (2008) 
concluded that levels of dissolved organic matter 
significantly influence the abundance and distribution 
of zoosporic fungi. They also found that fungal taxa 
increase in response to rising organic matter, but only 
at relatively low salinity and temperature. Voronin 
and Zhdanova (2023) stated that Pythium and 
Saprolegnia (fungi-like oomycetes) can develop in 
reservoirs with a high concentration of dissolved 
organic matter and withstand a contaminated 
environment. The dissolved oxygen shows high 
variation according to sampling sites and seasons. The 
current study showed a negative correlation between 
dissolved oxygen levels and temperature: As water 
temperature increases, dissolved oxygen levels 
decrease (i.e., high temperatures reduce oxygen 
solubility in water). In line with our results, Voronin 
(2008) showed that the dissolved oxygen amount in 
water is strongly influenced by temperature. 
Additionally, there is a positive relationship between 
dissolved oxygen levels and fungal occurrence, with 
an increase in dissolved oxygen leading to an increase 
in fungal occurrence. This aligns with Suzuki (1961), 
who indicated that the zoospores of aquatic fungi 
typically concentrate in oxygen-rich water layers. 
Interestingly, PCoA analysis supported our findings 
regarding the strong correlation between the 
determined physico-chemical parameters, the 
occurrence of collected fungi, and sampling seasons. 

Twenty-nine fungal species related to seven genera of 
either true zoosporic fungi (i.e., Allomyces) or 
straminipiles fungi (i.e., Achlya, Aphanomyces, 
Dictyuchus, Phytophthora, Pythium, and Saprolegnia) 
emerged using sterilized sesame seeds and halves of 
maize grains as baits. All the recovered zoosporic taxa 
recorded in the current investigation had been 
reported previously with different frequencies from 
various water areas in Egypt (Abd-Elaah et al., 2018; 
Khallil, 1990; Ali, 2007; El-Hissy & Khallil, 1989; Khallil 
et al., 2020), as well as in other geographical regions 
including Saudi Arabia (El-Nagdy et al., 2022), Iran 

(Masigol et al., 2020), Argentina (Marano et al., 2008), 
and Brazil (Nascimento et al., 2011). Khallil et al. 

(2020) isolated thirty-four species related to 10 
genera (namely, Allomyces, Achlya, Aphanomyces, 
Aqualinderella, Brevilegnia, Dictyuchus, 
Phytophthora, Pythiopsis, Pythium, and Saprolegnia) 
from El-Zinnar Irrigation Canal and the El-Ibrahimia 
Canal, which receive treated sewage water and 
industrial effluents from a factory for oils and 
detergents, respectively, during four seasons (from 
the winter of 2017 to the autumn of 2018).  Czeczuga 
et al. (2007) isolated 88 species (41 true zoosporic 
fungal species and 47 fungus-like organisms 
(straminipiles)) on fruit tree petals floating on water. 
Nascimento et al. (2011) recovered 32 taxa of 
zoosporic fungi from 48 water samples collected from 
two areas in Brazil. Our results showed that the most 
prevalent genera were Achlya, Pythium, and 
Dictyuchus. In contrast to our results, Yanna, Ho and 
Hyde (2002) found Achlya and Dictyuchus to be the 
predominant genera in Hong Kong. Voronin (2008) 
also stated that Achlya and Dictyuchus had the 
highest seasonal occurrence. On the other hand, El-
Hissy et al., (1982) examined the incidence of water 
molds (straminipiles and true zoosporic fungi) in 
freshwater habitats of the Nile system  and 
manifested that Saprolegnia was one of the most 
prevalent genera. 

In the current study, Achlya and Saprolegnia 
exhibited the broadest species spectra. Similarly, 
Khallil et al. (2020) found that Achlya and Saprolegnia 
frequently had the highest species spectra in El-Zinnar 
and El-Ibrahimia irrigation canals at Assiut, Upper 
Egypt. Opposed to our results, Ali (2007) showed that 
Achlya did not have the highest species spectrum and 
clarified that Pythium (8 species) had the broadest 
spectrum of species diversity. However, consistent 
with our results, Ali pointed out that Saprolegnia (7 
species) was among the genera with the broadest 
spectra of species diversity in polluted water 
drainages across the Nile Delta regions (i.e., Lower 
Egypt). The most frequent species in the current 
study were Achlya ambisexualis, Achlya proliferoides, 
and Dictyuchus sterilis. In agreement with our results, 
Khallil et al. (2020) observed that Achlya proliferoides 
and Dictyuchus sterilis were the most prevalent 
species, exhibiting the highest frequency of 
occurrence among the identified species, emerging 
from El-Zinnar and El-Ibrahimia irrigation canals.  On 
the contrary, Czeczuga et al. (2007) identified 
Rhizophydium cornutum, R. globosum (true zoosporic 
fungi), and Aphanomyces irregularis, A. laevis, 
Saprolegnia litoralis, Pythium butleri, P. inflatum, P. 
tardicrescens, and P. ultimum (Straminipila) as the 



Biodiversity and seasonality of zoosporic fungi in four water areas of the Nile system (Egypt) … 
 

 

Egypt. J. Bot. Vol. 64, No.3 (2024)  293 

most common species growing on the petals of five 
fruit tree species floating on water from three types 
of freshwater habitats (i.e., spring, river, and pond) in 
north-eastern Poland. Moreover, Kiziewicz (2012) 
recovered 21 species related to 8 genera of zoosporic 
fungi from River Springs (Poland), indicating that 
Achlya apiculate, Aphanomyces laevis, Catenophlyctis 
variabilis, Dictyuchus monosporus, Pythium 
debaryanum, and Saprolegnia ferax were the most 
prevalent taxa. 

The preference and colonization of zoosporic fungi 
varied depending on the baits employed, even though 
most recovered fungal taxa prefer sesame seeds to 
maize grains as baits. Some zoosporic fungal taxa 
were recovered exclusively on sesame seeds, while 
others, particularly those related to Pythiaceae, only 
colonized maize grains. Our findings were supported 
by El-Hissy and Khallil (1989) and El-Hissy et al. (2001), 
who reported that the highest number of isolated 
zoosporic fungi appeared on sesame seeds compared 
to the other employed baits. Afzali et al. (2013) 
isolated 59 species of zoosporic fungi from Malaysian 
natural water bodies and fish farms by baiting method 
using sterilized maize, green peas, fish meat, insect’s 
wings, and hemp seed. 

From our results, Achlya ambisexualis showed some 
favourable activity in cellulase, amylase, protease, 
lipase, and asparaginase. Consequently, this isolate is 
a promising source of numerous hydrolytic enzymes 
important to industry and biotechnology. In 
agreement with our results, Nolan and Bal (1974) 
noted that cellulase was located at the ultrastructural 
level and discovered to be present in dictyosomes and 
vesicles, between the plasmalemma and the cell wall, 
around the periphery of unknown storage structures, 
and on the outer surface of the cell wall in the male 
strain of Achlya ambisexualis. Hill and Mullins (1979) 
showed that within the developing hyphae of Achlya 
ambisexualis, the enzyme cellulase is present in both 
soluble and insoluble forms. Hill and Mullins (1980) 
also reported the presence of cellulase in Achlya 
ambisexualis and investigated whether cellulase 
demonstrated more considerable specific activity in 
actively growing mycelia than in non-growing 
mycelia. Hill and Pott (2011) demonstrated that 
Achlya ambisexualis released extracellular proteases 
during growth on all proteins and protein 
hydrolysates tested. Khallil and Omar (1993) proved 
the ability of five tested zoosporic fungi to produce 
amylase, lipase, protease, and cellulase. Odu et al. 
(2017) also investigated the ability of some aquatic 
phycomycetes in Maiduguri, a Semi-Arid Area of 

Nigeria, to produce lipase.  Masigol et al. (2019) 
confirmed that Oomycota are involved in 
transforming a big fraction of aquatic Dissolved 
organic matter (DOM) via their capacity to produce a 
broad range of extracellular enzymes. The enzymatic 
repertoire of aquatic fungi makes them one of the 
most critical players in the microbial loop in various 
aquatic ecosystems (Sime-Ngando et al., 2010). In our 
results, Achlya ambisexualis did not exhibit laccase 
activity. Similarly, Masigol et al. (2019) recorded that 
none of the experimented oomycetes strains 
exhibited any laccase or pectinase activity.  In 
contrast, Feng and Li (2012) investigated the presence 
of laccases as a gene family in oomycetes. 

CONCLUSION 
In total, twenty-nine species related to seven genera 
of either true zoosporic fungi (Allomyces) or six 
genera of straminipiles (Achlya, Aphanomyces, 
Dictyuchus, Phytophthora, Pythium, and Saprolegnia) 
were collected during the current investigation. The 
diversity and occurrence of the gathered fungal taxa 
varied depending on some physico-chemical features 
of the water and the sampling season. It is concluded 
that there is a clear seasonal dynamic in the 
occurrence and diversity of zoosporic fungi. The 
decline in summer is linked to both increased water 
temperatures and relatively high salinity levels. 
Continued research on aquatic fungi is vital for 
increased awareness, understanding, and unveiling of 
their function, pivotal environmental role in aquatic 
habitats, their devastating pathogenicity, particularly 
on fish in natural aquatic habitats, aquaculture, and 
fish farms, ecosystem stability, particularly in this 
period of rapid climate change, and aquatic system 
pollution that may result from industrial production 
and other human activities. Species identification of 
zoosporic fungi is mainly based on morphological 
features, and only one isolate; the most prevalent 
isolate was selected for molecular identification. 
Morphological features are sometimes perplexing, 
vague, and variable. For instance, some determinative 
features, such as sexual structures, are not always 
produced in vitro. In conclusion, it is crucial to 
complement traditional morphology-based 
identification with molecular-based taxonomy, which 
includes several markers and will hopefully be applied 
in our forthcoming studies. Achlya ambisexualis 
showed some promising activity in cellulase, amylase, 
protease, and lipase. To the best of the researchers' 
knowledge, this is the first report of Achlya 
ambisexualis to produce asparaginase. Consequently, 
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the experimental isolate is a promising source of 
numerous hydrolytic enzymes essential to industrial 
and medical biotechnology. 
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