Egyptian J. of Phycol. Vol.24, 2023

Water Quality and phytoplankton communities in Orfaily
Drain, Minia, Egypt

Basha O. R.}, Fathi A. A.Y*, Zakaria A. Mohamed? and Shoulkamy M. A1

'Department of Botany and Microbiology, Faculty of Science, Minia University,
Minia, Egypt.

Department of Botany and Microbiology, Faculty of Science, Sohag University,
Sohag, Egypt.

Abstract:

Biodiversity is one of the important biological factors in determining water
quality and preserving the ecological balance. One of the main drainage systems in Minia
is the Orfaily Drain. In this study, variations in both the physico-chemical characteristics
and the phytoplankton of Orfaily Drain were monitored over a period of one year (from
May 2022 to April 2023). All the water quality variables measured showed considerable
monthly variations. Marked seasonal quantitative and qualitative differences occurred in
the phytoplankton communities of the drain. The maximum crop density (3676 x 10° taxa
I1) was obtained in June 2022, while the lowest count (512 x 10° taxa I*) occurred in
December 2022. Changes in total algal counts throughout the investigation coincided
closely with abundance of Chlorophyceae and Cyanophyceae. The major algal groups at
this site were Chlorophyceae, Cyanophyceae, Bacillariophyceae, and Euglenophyceae.
Fourty two genera were found, including 17 genera of Chlorophycae, 12 of
Bacillariophycae, 11 of Cyanophycae, and 2 of Euglenophycae. Cyclotella meneghiniana,
Navicula sp., Scenedesmus bijuga and Chroococcus turgidus were recorded in a high rank
of occurrence, however other recorded species were be found to moderately, frequently or
rarely recovered. In general, the species data indicate that the Orfaily Drain water can be
categorized as eutrophic. It was concluded that the phytoplankton groups are very
sensitive and helpful indicators to measure the quality of freshwater ecosystems and the
health state of any water stream.
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Introduction

Most aquatic organisms depend on aquatic habitats for their primary
source of life support (Toma and Aziz 2022). In Egypt, the River Nile is
considered a main supply of water for drinking, agriculture, and manufacturing.
When found suitable, drainage water may be employed for agriculture
(Abdelsalam et al., 2020). The biological life of these water sources may be
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impacted by contamination from the outside (Badr EI-Din et al., 2015). Since
biological communities incorporate the environmental impacts of river and lake
water chemistry, biological evaluation is important in assessing the overall health
of aquatic ecosystems (Stevenson and Pan 1999). Agriculture in Egypt has
actually benefited much from the numerous irrigation and drainage canals which
obtain the water from the Nile (Radwan et al., 2004). In an aquatic ecosystem,
phytoplankton is the main producer and a key source of nutrients as they interact
with the biogeochemical cycles of various elements to provide heterotrophic
microorganisms with organic matter (Jaffer et al., 2023). According to
Djumanto et al. (2020), phytoplankton availability accounts for 40% of primary
production worldwide and forms the basis of the aquatic food chain. Distribution
and abundance of phytoplankton populations, which are indicators of water
quality, have been impacted by alterations in hydro-climatic, biological, and
chemical components of the aquatic ecosystem. (Bergstrom et al., 2020; Inyang
and Wang 2020).

Initial studies of Egypt's drainage and irrigation waters primarily
investigated their suitability for irrigation (Al-Shami et al., 2010; Badr EI-Din et
al., 2015; Abdelsalam et al., 2020; Ahmed and Mahran 2022; EIl Hadry et al.,
2022; Al-Afify et al., 2023). Accordingly, this study will be conducted Orfaily
Drain to present the findings of a routine sample of water quality and
phytoplankton diversity done seasonally over the period of a year, which could be
a first.
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Materials and Methods

Site description:

The drainage type of the Orfaliy drainage canal is an agricultural
drainage, and it is one of the subsidiary drainage systems in the Minia district. It is
about 4320 km long and serves about 2700 acres, discharging its water at the El-
Mohit drain and receiving water from the Damshir drain (Figure 1).

e Collection points

Fig.1. Map showing the sampling site.
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Sampling and Physico-chemical characteristics:

Over a year (May 2022 to April 2023), the drain was monitor on a
regular basis. Monthly water surface samples were taken from different points
inside the drain. The locations were chosen to provide an accurate spatial
representation of the water quality. Temperature, pH, conductivity, total dissolved
salts and Dissolved oxygen of the lake water were measured at each location. pH
was measured using a pH meter (Adwa, AD110; Romania), conductivity and total
dissolved salts using a calibrated Conductivity Meter (Adwa, AD 310; Romania).
Dissolved oxygen was measured according to the Winkler method (Strickland
and Parsons 1972). According to Adams (1991), measurements of total
alkalinity, phosphate-P, nitrate-N, chloride, silicate, and main cations were made
in the drain water samples. According to Golterman and Clymo (1971), sodium
and potassium concentrations were measured photometrically by flame emission.
The findings are calculated as the means of measurements done in triplicate on
each water sample.

Quantitative and qualitative analysis of phytoplankton:

A liter of samples of water were fixed on the situ with acidified Lugol's
solution for phytoplankton examination. At least 36 hours were given for samples
to settle in the lab before the excess supernatant was carefully eliminated and the
remaining fluid was adjusted to a constant level. Until analysis, this material was
stored at 4 °C. Following the Utermohl method (Utermohl, 1958), phytoplankton
counts were conducted using a phase contrast Carl Zeiss (Jena Med2) microscope
at 100x and 40x magnification. The simplified techniques outlined in Willen
(1976) and Hobro and Willen (1977) for algal counts were used. Cells per liter
were used to express counts of phytoplanktonic algae, whether they were
filamentous, colonial, or unicellular. The cell counts were determined using the
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means of three replicated measurements. The phytoplankton taxa were
categorized in accordance with authorized references, such as Smith (1950),
Bourrelly (1981), Komarek and Fott (1983) and Prescott (1987). Indices of
biodiversity like Margalef's Index (D) and Simpson's Diversity Index (1-H) were
used for quantitative analysis of species diversity.

Results and Discussion

Environmental aspects including climate, chemistry, and pollution are
frequently linked to the biotic variables used to describe various freshwater
habitats (Krishnan 2008). The species composition and distribution of the algae
are significantly influenced by the physicochemical properties and nutritional
content of water (McCormick and Cairns 1994; Abdelsalam et al., 2020;
Ahmed and Mahran, 2022; EI Hadry et al., 2022; Al-Afify et al., 2023).

The water samples of this site were collected from Orfaliy drain. Table
(1) shows the physico-chemical properties of the studied drain water. The
monthly water temperature of Orfaliy drain reached a maximum in July 2022
(31.6 °C) and the minimum value (16.9 °C) was recorded in December 2022. In
the current study, water analysis revealed a large temperature range. Due to their
shallow depth and sizable surface area in comparison to their volume, the studied
drains' water temperatures often tracked those of the surrounding air (Fathi et al.,
2001; Adam et al., 2013).
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pH is one of the most significant chemical aspects of all waters, which
discuss several significant biotic and abiotic ecological features of aquatic systems
overall. The pH of the site under investigation was consistently alkaline and
ranged from 7.11 to 9.28. This overall trend toward alkalinity may be due to the
rising photosynthetic activity seen in phytoplankton and autotrophs, which was
also previously reported (Adams et al., 2013; Abdelsalam et al., 2020). Kataria
et. al. (1995), concluded that the basic indicator used to determine whether water
is suitable for farming purposes is electric conductivity. Additionally, they have a
significant impact on the aquatic biota. In the current investigation the TDS and
EC were found to be high in winter months, while the lowest TDS and EC was
discovered to have fluctuated in other months, but only slightly. On the one hand,
differences in TDS may be related to the salt that algae and other merged plants
consume, the rate of evaporation, the size of the water body, and the input of
water (Lashari et. al., 2009). Al-Shami et al. (2010) indicate that the use of
fertilizers and pesticides extremely alters the ion concentration of the water as
well as its chemical properties. Aquatic life and environmental changes depend
significantly on the amount of dissolved oxygen (DO) present. In general, the
summertime brought higher dissolved oxygen levels to the Orfaliy drain water
than the wintertime. Dissolved oxygen is being used to gauge river freshness and
the cleanliness of the water. However, a reduction in oxygen occurs frequently
when algal populations consume rapidly. Depletion in DO may be a gauge of high
levels of organic matter and nutrient load, according to Abdelsalam et al. (2020).

The monthly variations in total alkalinity, nitrate, phosphate, chloride and
silicate in the drain water are shown also in Table (1). The ability of water to
buffer fluctuations in pH that naturally result from phytoplankton's photosynthetic
activity is known as alkalinity, and it is crucial for aquatic life in freshwater
systems (Fathi et al., 2001). The total alkalinity of drain water fluctuated between
Egyptian J. of Phycol. Vol. 24, 2023 -84 -
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26.0 mg I in February 2023 and 144.0 mgl* in June 2022, increasing in the
summer and decreasing in the winter. Ahmed and Mahran (2022) observed that
the highest average bicarbonate assessments were detected both in the summer
and the winter, and that these changes could be ascribed to domestic wastewater
that has not undergone treatment. The amount of chloride reached its highest point
in concentration in December 2022 (55.2 mg I*!) and its lowest point in March
2023 (19.2 mg I"Y).The highest values might be caused by the domestic sewage
and agricultural waste that are discharged in it (Masoud et al., 2001). The key
nutrients for all algal growth are nitrogen and phosphorus, and the limited
availability of both of them in water typically restrict algal growth in natural
ecosystems. The data also show that between July 2022 and November 2022, the
nitrate value fluctuated from 0.08 mg I* to 5.6 mgl?®. Though the minimum
phosphate levels were 0.30 mgl™ in October 2022 and the maximum was 5.19
mgl? in July 2022, respectively. As stated by Krishnan (2008), external factors
that include cultural influences, fertilization, and flow rate are more closely linked
to the accumulation of N and P in the environment. However, phytoplankton's
consumption of phosphate might be the main reason of its decline. (Brown and
Austin, 1973). The Bacillariophyceae depend on silica, as is widely known.
Silicate concentrations were found to be fluctuated in an inverse manner, going
down in the summer and up in the winter. The largest amount of silicate-Si was
measured in February 2023 (83.58 g I'%), while the lowest amount was measured
in June 2022 (21.31gl?). According to several studies (Fathi et al., 2001; El-
Badawy, 2013), variations in silicate uptake by diatoms and irrigation water input
to the drains under investigation were likely responsible for the observed
variations in silicate concentrations.

According to research by Hussein (1989), calcium and magnesium play a
specific role in production of phytoplankton. With occasional monthly and
Egyptian J. of Phycol. Vol. 24, 2023 -85 -
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seasonal changes, the concentrations of divalent (Ca*? and Mg*?) and monovalent
(Na and K) cations were consistently high (see Table 1). The data also show that
the monthly ranges for calcium and magnesium were respectively 15.2 - 76.13
mgl™ and 6.48 — 43.2 mgl. Sodium concentrations were found to be significantly
greater than those of the other cations over the period of the investigation. From
100.5 mg I in February 2023 to 381.0 mgl™ in September 2022, sodium varied.
Potassium fluctuates more but stays within a range when compared to sodium.
Abdelsalam et al. (2020) reported that calcium ion's adsorption on metallic
oxides has an impact on the water's calcium content, and microorganisms play a
significant function in the calcium exchange between sediments and subsurface
water. Magnesium is typically found in aquatic systems at high concentrations
compared to plant requirements and doesn't seem to be a limiting element in the
four investigated sites.

A variety of microorganism habitats can be found in the drainage
environment. Regarding their needs for availability of nutrients, temperature,
water, and light, it provides a suitable environment for the flourishment of diverse
groups of algae (Adams et al., 2013; Abdelsalam et al., 2020). The results of this
site indicate that this site's algal flora exhibits significant monthly changes from
other investigated sites in terms of both its quantitative and qualitative
composition (Table 2 and Figures 2 and 3). In terms of phytoplankton abundance
the maximum count (3676 x 10° taxa I'') was obtained in June 2022, while the
lowest count (512 x 10° taxa I") occurred in December 2022. The major algal
groups at this site were Chlorophyceae, Cyanophyceae, Bacillariophyceae, and
Euglenophyceae (Figure 2). The data of also shows that throughout the whole
study period, blue green algae dominated all other groups of algae. Their relative
density varied from 27.34% in December 2022 to 90.91% in June 2022.
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Fig.2. The percentage composition of the main algal groups obtained at Orfaliy drain
between May 2022 and April 2023

The second was represented by the Bacillariophyceae (0.7% in February
2023 and 65.91% in October 2022), the third by the Chlorophyceae (63.99% in
February 2023 and fluctuated in other months), and the fourth by the
Euglenophyceae (low density in some months and complete disappearance in
others). Algal diversity is a natural occurrence, and depending on the local climate
and water quality, it may persist throughout time. Rich algal flora typically occurs
where there are plenty of nutrients, as well as the availability of suitable
environmental circumstances. However, according to Kumar and Sahu (2012),
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human activity frequently stimulates and speeds up algal growth. According to
many studies water (Badr El-Din et al., 2015; El Hadry et al., 2022; Al-Afify et
al., 2023), drainage water generally had lower algal densities and biomass than
irrigation water. This could be explained by the drainage water's higher salt
content. The relationship between nitrate and number of algae was explained by
Sabae and Abdel-Satar (2001), who noted that the lowest levels of nitrate
correlated with the highest values of algal numbers, while the decline in nitrate
levels in spring and summer months may have been caused by the
nitrate consumption by phytoplankton and reduction of it by denitrifying bacteria.
The fluctuations in the full count of microalgae might be caused by a variety of
environmental conditions, including chemical and physical factors, water quality,
and variations in nutrition levels (Abdelsalam et al., 2020).

The data of Figure (3) reveals that the highest algal species richness (22
genera) was seen in March 2023 and the lowest (3 genera) in November 2022. In
Table (2), the occurrence of the representative genera of the various algal groups
identified is mentioned. 42 genera were found, including 17 genera of
Chlorophycae, 12 of Bacillariophycae, 11 of Cyanophycae, and 2 of
Euglenophycae. In March 2023, there will be a maximum of 22 taxa and a
minimum of 3 in November 2022. Cyclotella meneghiniana, Navicula sp.,
Scenedesmus bijuga and Chroococcus turgidus were recorded in a high rank of
occurrence, however other recorded species were be found to moderately,
frequently or rarely recovered. These result is in agreement with Adams et al.
(2013), Abdelsalam et al. (2020), Ahmed and Mahran (2022), El Hadry et al.
(2022) and Al-Afify et al. (2023).
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Fig.3. Phytoplankton abundance (taxa number x 10°1") and Species richness in
Orfaliy drain during the period from May 2022 to April 2023

The diversity indices Margalef and Simpson were examined in the current
research based on the plenty of algae. The data in Figure (4) showed that the
maximum diversity index (Margalef) of Orfaliy drain was estimated on the March
2023 sample (3.025) and the minimum was estimated on the November sample
(0.283). The results showed that, according to Simpson's diversity (H) index, the
maximum phytoplankton diversity was calculated in December 2022 (0.08), while
the lowest one (0.381) in November 2022 sample. The Pearson correlation matrix
of some variable calculated in Orfaliy drain over the period of investigation was
shown in Table (3). The findings indicated that there were some negative and
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positive correlations between the various variables and algal biomass. While
other correlations are positive, the ones between algal biomass and total soluble
salts, conductivity, silicate, calcium, magnesium, and potassium are the most
important ones. Margalef's index has the advantage of allowing us to compare the
richness of different study sites in comparison to the Simpson index, and it also
has the advantage of having values that go beyond 1 as opposed to the Simpson
index's 0 to 1 range. The index indicates the likelihood that two individuals
chosen randomly from one sample will be from different species. In general, the
species data indicate that the Orfaily Drain water can be categorized as eutrophic.
From the former mentioned results, it was concluded that the phytoplankton
groups are very sensitive and helpful indicators to measure the quality of
freshwater ecosystems and the health state of any water stream.
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Fig.4. Diversity indexes of mixed phytoplankton in Orfaliy drain during the period
from May 2022 to April 2023
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