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ABSTRACT

Experiments were carried out to determine the tffe€ some environmental
factors causing the phenomenon of algal bloomingth@ upper lake of Wadi
El-Raiyan under laboratory conditionslicrocystis aeruginosa and M. flos aquae
were isolated from Wadi El-Raiyan Lakes. Mono-clooature of each species was
kept in 100-ml BG11 media in the laboratory for &ysl. The algal growth was
measured by the determination of chlorophg/lend cell count to understand the
succession patterns of both species in relatidhgdested environmental conditions.
The best photoperiod cycle was found to be (1415) &nd the growth of the two
species increased with increasing light intensitigso 45p E rif s ™. Salinity and the
growth of tested species exhibited a significameme relationship, increased salinity
inhibiting algal growth. Water pH range from 7 tod/as suitable for growth of both
species, while a pH below or above this range chasggnificant decrease in growth.
High nitrogen sources entering into Wadi El-Raiyake may be one of the reasons
for the blooming of the tested microalgae. The doedfects of the bloom-forming
species impact the economic fish resources ofake leading to fish kills.
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INTRODUCTION

Cyanobacteria will periodically grow exuberantlprrhing what is known as
“blooms.” The reasons for blooms formation are completely understood, but in
some cases they may be related to nutrients adakedatly and through man-made
sources such as fertilizer runoff or sewage (LE@)O; Dionysios, 2010).

Identification of specific environmental factorsathpromote cyanobacterial
blooms has been the quest of many researchersnpdgingle factor serves as a
reliable predictor. The growth of cyanobacteria dhd formation of blooms are
influenced by physical, chemical and biologicaltéas, which were reviewed by
AWWA (1995) and Messineet al. (2009). Cyanobacterial blooms persist in water
supplies that contain adequate levels of essanbafjanic nutrients such as nitrogen
and phosphorus, water temperatures generally betwgeand 30°C, and pH levels
between 6 and 9. Blooms are most common in euttophhypereutrophic bodies of
water (WHO, 1998). Nutrients, pH, GQalinity and dissolved oxygen are the main
chemical factors that contribute to the developnoémtominant cyanobactrial blooms
(Van Ginkel, 2004; Wangwibulkiet al., 2008). Several studies have shown that
cyanobacteria have higher affinity for nitrogen minosphorus than many other
photosynthetic organisms (Kaebernétlal., 2001).

Wadi El-Rayian Lakeswere extensively studied for their water quality,
physicochemical properties and biological propsr{ikonsowa, 1996; Taha and Abd
El-Monem, 1999; Konsowa and Abd Ellah 2002; Abdk&Hm 2004; Abdel Hameed
et al., 2007; Aliet al., 2007). Abd El-Fatah (2010) observed a remarkalgal bloom
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of M.aeruginosa andM. flos-aquae during winter season in the upper lake. The algal
bloom causes many problems in the water due tpdkential toxicity ofMicrocystis
spp. The author indicated deterioration in the moghemical characters of the
studied lakes due to the substantial input of lieetis and nutrient salts which
exacerbates the problem of eutrophication. Khaliid Abd El-Hady (2010)studied
seasonal variations in both phytoplankton biochaemmontents and zooplankton
density in Wadi El-Raiyan Lakes and concluded that major chlorophyla peak
was recorded in winter season and recorded theopt@mon of Microcystis winter
bloom. But toxic effects of the bloom in the lakasd the factors promoting this
bloom were not discussed deeply befofaerefore, the phenomenon of harmful
Microcystis bloom and microcystin production in Wadi El-Raiydipper Lake
deserves a scientific study as it has a directceff@ economic fishes and human
health.

During this study, the phenomenon of algal bloons weacorded from mid
December 2008 to the first week of May 2009 ant@tcurs yearly till now causing
adverse toxic effects on economic fishes of thee.lakherefore, the present
investigation focuses on the response of the bltmming M. aeruginosa andM. flos
aquae to gradual increase in different environmental dextunder laboratory
conditions. Also, it is an attempt to predict thehlvior of the tested algae under
different condition of the ecosystem, like changiigint duration, light intensity, pH,
salinity and nutrients (N&P) under laboratory cdmis in an attempt to find a
solution for this phenomenon.

MATERIALS AND METHODS

Experimental conditions

The experiments were carried out in the AquatiePlaboratory at El-Kanater
El-Khairya Research Station, National InstituteGafeanography and Fisheries. The
cyanobacterial speciebjicrocystis aeruginosa andM. flos aquae were isolated from
the Upper Lake of Wadi El-Rayian. Through a seaktboratory work the isolated
species became well adapted and grew very well rutal®oratory conditions.
SubsequentlyM. aeruginosa and M. flos aquae were grown in 100-ml modified
BG11 medium(Allen,1973) at room temperature, 251+°C and light intensity of
30puEM?s® under a day / night program of 14 h light followeg 10 h darkness . The
population growth and the pigment estimations weoaducted after five days
(120hrs) culturing. Three replicates were usecemh treatment.

The following experiments were carried out:
Experiment 1: Light duration:

The two specie$. aeruginosa and M. flos aquae were incubated at two light
and dark cycles (14:10 hr) and (12:12 hr) in orgdedetermine the best photoperiod
cycle.

Experiment 2: Light intensities

The behavior of both species was measured undereht light intensities by
changing the number of cool white fluorescence $ubg&6 units which provided
estimated light intensity of 15,30 & 45 p ETs*(Munawer and Mazharuddi@p11).
Experiment 3: Effect of pH

The Microcystis spp. were grown under different pH levels of 719,and 12.
The concentrations were adjusted by using HCI aa®M solutions followed by
measurements using a pH —meter WTWph91.
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Experiment 4: Salinity effect

The Microcystis spp. were grown at different salinities adjustexdlydusing
NaCl and distilled water at zero (BG11 medium 0)pRt 6, 10, 14, 16 and 18 ppt.
Salinity of the medium was determined by the dirgcvimetric method (APHA,
1992).
Experiment 5: Effect of nitrogen and phosphorus (N&P)

To estimate nutrients requirements, nitrate andsphate concentration in
modified BG 11 medium were altered.
1-The medium was prepared with changed concemisabd nitrogen and phosphorus

with constant ratio either by additions or by reituts, nitrogen supplemented

(NS), phosphorus supplemented (PS), nitrogen @efic(ND) & phosphorus

deficient (PD). In supplemented media those ingmatdi were increased by (25%,

50% & 75%) at (A, B &C) respectively. In deficiemtedia those ingredients were

decreased by (25%, 50% & 75%) at (D, E &F) respebti from the standard

formula.

2-The medium was prepared with constant phosphoomcentrations (standard
concentration) and changed nitrogen either by asing or by reducing.

3-The medium was prepared with constant nitrogemceotration (standard
concentration) and changed phosphorus either bgasig or reducing.

The growth of M. aeruginosa and M. flos aquae was measured by the
determination of chlorophyh after 120hrs by the Trichromatic Method according
APHA (1992) and by algal cell count using haemongter.

Data analysis

Data were statically analyzed using analysis ofavere (ANOVA) one &two
way using the Minitab (12.1) and the STATISTIC&AQ) computer programs to test
for significant differences among different expegimts on the chlorophyd biomass
and cell count of the tested algae.

RESULTS AND DISCUSSION

1- Effect of Light duration (photoperiod) on growth cultures of Microcystis
aeruginosa and M. flos aquae

A comparative experiment was done in order to akestire difference in growth
of M. aeruginosa and M. flos aquae when incubated at two light and dark cycles
(12:12 hrs) (14:10 hrs) and in order to determime Ibest photoperiod cycle. The
results are illustrated in Figs. (1& 2).
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Fig. 1: Chlorophyll a values (ugf) of M. Fig 2. Cell count (no. of cells x 70%) of M.
aeruginosa andM. flos aquae cultured at aeruginosa andM. flos aguae cultured at
different light duration different light duration.
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Generally, the data showed higher valuesMofflos aquae than those oM.
aeruginosa in chlorophylla and cell counts. Certainlyl. flos aquae recorded the
highest values of chlorophydl and cell count at 14:10 hrs, (1644.76 |idnd 14 x
10" Lrespectively), as compared wilh. aeruginosa which recorded 1506.2 pg'L
and 12.7 x 10 L™ respectively at the same photoperiod. Similakly,flos aquae
recorded higher values of chlorophglland cell count at 12:12 hrs (1273.63 iy L
and 10.5 x 10Lrespectively) as compared wikh. aeruginosa (1087.33 g L* and
9.16 x10 L™, respectively). Moreover, there was a significdifterence (p < 0.05)
betweenM. flos aquae andM. aeruginosa for both chlorophylla and cell count when
incubated at 12:12 hrs and 14:10 hrs photoperidte Culture growth of most
Microcystis species responded to the long light time as appiog those found under
natural conditions at their seasonal blodm.fact both incubation period and test
duration differ from species to another (Gomaa,0l ¥9angwibulket al., 2008; Imai,
et al., 2009).

From the above mentioned results, it can be coeduldat the incubation at a
photoperiod 14:10 hrs light and dark cycle wasdpétir the growth of both species
than the 12: 12 hrs.
2-Effect of light intensities on growth cultures ofMicrocystis aeruginosa and M.
flosaquae

In this experiment, the culture growth of isolatéld aeruginosa and M. flos
aquae were tested under various light intensities (15&345 p E m*s™), Figures
(3&4). Influence of light intensity was investigdtéen small (100 ml) cultures to
reduce the impact of distance from light sourceeits, Gomaa, (1990).
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Fig. 3: Chlorophyll a values (ugl) of Fig. 4: Cell count (no. of cells x 1id) of
Microcystis aeruginosa andM. flos aquae Microcystis aeruginosa and M. flos aquae
cultured at different liaht intensitie cultured at different liaht intensitie

The growth of the tested algae represented by apigtl a content and cell
count were significantly higher at the higher lightensities (45&30 p E rif s ™)
compared to the lower light intensity (15 u ETs ™). M. aeruginosa and M. flos
aquae cell densities increased 1.5 and 1.7 fold at #m ™ s while they increased
by 4.1 and 5.8 folds at 45 p Efrs “respectively. The highest chlorophgltontent
was at 45 p E rif s, increased by 119.6% and 176% Koraeruginosa andM. flos
aguae respectively, as compared to their lowest one5afulE m? s . At the
experiments of changes in light intensity, Inetial. (2009) reported that, the cell
densities oM. aeruginosa andM. wesenbergii were higher at 60 and 30 p mol s
! compared to 0 p mol M s ™. Moreover Amemiyaet al. (1990) reported thadl.
aeruginosa and M. wesenbergii showed higher growth at a high light intensitiearth
M. viridis in the laboratory experiments. Hence, growtiMaodrocystis may depend on
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multiple factors and the dominant factor may diffiepending on species (Inmitial.,
2009).The present results go in parallel with tegutts obtained by Gomaa (1990)
who achieved a significant increase in the bionmds&phanizomenone flos aquae as
light intensity was increased.
3-Effects of pH on growth cultures ofMicrocystis aeruginosa and M. flos aquae.

The results as illustrated in Figures (5&6) indécttat water pH range from 7 to
11 was suitable for growth of both species, whilpHabelow or above this range
caused significant decrease in growth. It was edtithat at pH 11 there was optimal
growth for bothM. aeruginosa and M. flos aquae as represented by chlorophwll
biomass and cell density and it showed a highlyiB@ant value above the control
(pH 7). The highest recorded chlorophg/lvas 98% foiM. aeruginosa at pH 11 more
than at control. While foM. flos aquae was 38% only. SoM. aeruginosa was more
sensitive toward the changes of pH of the mediumil&ly at pH 12 the growth of
M. aeruginosa dropped severely by 31.4% more thanNbiflos aquae as appeared by
cells count.
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Fig. 5: chlorophyll a levels (ugf) of M.  Fig. 6: Cell count (no. of cells x10l™) of M.
aeruginosa andM. flos aquae cultivated at aeruginosa and M. flos aquae cultivated
different pH. at different pH

The results of cell count confirmed those of chidrgl a and show the same
trend. The recorded data agree with Weal. (2001) who stated that the optimal
growth of M. aeruginosa was found when water pH was between 7.5 and 9turala
habitat.In fact this range was suitable for the best growitiv. aeruginosa and M.
flos aquae in Wadi El-Raiyan Lake, while under laboratory ciioehs pH 11 was the
best and highly significant.

It was noticed that, the recorded pH values belower7above 11 caused
significant decrease in growth of these blue gredgae. Also, the highest
photosynthetic rates foDscillatoria rubescens in natural populations were found
between pH 6.5-8.5, while if the pH was less tharor6greater than 9, the
photosynthetic rate was 50% less than that of themal pH (Konopka, 1981).
Wangwibulkit et al. (2008), reported that the filaments Okcillatoria sp. were
broken up into smaller filaments when water pH Veager than 6. This indicated that
water pH influenced the growth of the blue-greegaal especially when the pH was
higher than 9.0 or lower than 6.0. At these levietould inhibit photosynthesis and
adversely affect the morphology of blue green al@amilar results were reported by
Brock (1973) who observed that blue-green algaeewet found in natural habitat
with a pH less than 5.0.

The pH level was related to nutrients dissolutidmol caused a change in the
species composition and biomass of the phytoplank@elekli and Kulkoyluoglu,
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2007). At a high pH level, a consistent increasecalf division was differentially
regulated in different species of phytoplanktonafAkt al., 2001).

4-Effects of salinity on growth cultures ofMicrocystis aeruginosa and M. flos
agquae.

This experiment was an attempt to predict the nespof the bloom-forminiyl.
aeruginosa andM. flos aquae to the gradual increase of salinity.

The results in Figures (7& 8) show that growthMf flos aquae was slightly
higher over that oM. aeruginosa and both of them showed a gradual increase from
the control (BG11 medium) till they reached theimpim growth at salinity 6ppt for
M. aeruginosa by 59.5% and at 10ppt fdd. flos aquae by 92.3% in their chlorophyll
a contents. In fact, values at salinity 6ppt & 10pgre highly significant compared
with the control of the culture growth dfl. aeruginosa and M. flos aquae
respectively But at these highly optimum culture growths theoohphyll a content
per cell was decreased by 62.8% Kbraeruginosa and 36.1% foM. flos aquae. So,
it can be concluded th&l. aeruginosa has more sensitivity for salinity thaw. flos
aquae. Also, at 10 pptM. flos aquae culture was still good and alive whild.
aeruginosa culture showed a remarkable decrease in growth.
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aeruginosa and M. flos aquae cultivated Microcystis aeruginosa and M. flos
at different salinities aguae cultivated at different salinities

Soederet al. (1967) pointed out that the growth Ghlorella cells in media of
high salt concentration is more intensely inhibiteen is the synthesis of biomass.
Chlorophylla of the test algae tended to resist NaCl conceotratf 0.2 ppt, where at
high doses remarkable decrease in chloroghgltcurred. This is probably because of
the interference of high NaCl concentration witle tbsorption of Mg cation thus
impeding its role in chlorophyll formation and otheagnesium- dependent metabolic
pathways particularly enzyme activity. The chlorglbicontent of Dunaliella is
inhibited at high salinity (Mironyuk and Einor, 186

In fact, cell density values of both species conéid the same results as
chlorophylla biomassThe gradual response of the two species to diftdexels of
salinity confirmed the observation of Harding arak®n (2001), that cyanobacterial
genera exhibit a wide range of tolerance to sglinit

The results of this study are in line with thoseVéadngwibulkit et al. (2008)
when optimal salinity levels for growth under ladimry conditions ranged from 0 to
10 ppt forOscillatoria sp., and from O to 6ppt fdvlicrocystis sp. An increase in
salinity led to a decreased growth of both spedéso, Liu (2006) recorded that, the
tolerance level of the species to salinity is betwBppt and 10ppt, and as the average
salinity of an open estuary ranges between 20pp0ppt, the algal growth would be
most likely inhibited and cell lyses would occumdér microscopic observation of
the cultures the same author indicated that ceidyhad occurred in the 10ppt, 15ppt
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and 20ppt treatments. There was an indirect relsiip (p less than 0.01) between
salinity and growth of M. aeruginosa cultures.

In the 10-20ppt treatments cell lyses occurred @am sas the cultures were
exposed to salinity, along with toxin release. Ttrdc level was about the same for
all treatment because the cell either immediategdgd to release toxin upon reaching a
higher salinity, or they were disrupted in the tfildace. Salinity influences the
physiology of blue green algae and could disrupt @lance or induce nutrients
deficiencies (Konopka, 1981).

A decline in photosynthesis under hyperosmoticssee could change the fine
structure of the chloroplasts causing a disruptbenergy transfer between the two
photo systems (Konopka, 1981).

According the hypothesis of Liu (2006), if the gtbwate and toxin production
rate of the harmful algal speci®4. aeruginosa depend on salinity tolerance, then
salinity would have an indirect relationship wittogth and toxin production. Then, it
Is important to understand the salinity toleraneeduse the change in concentration
of salt in a water system would be a potential waycontrol the growth oM.
aeruginosa.
5-Effect of nitrogen and phosphorus (N/P) ratio onthe growth of Microcystis
aeruginosa and M. flos aquae.

Nitrogen and phosphorus are the nutrients typidatlylicated in toxic bloom of
cyanophytes. Therefore, experiments were conducteyaluate the performance of
M. aeruginosa and M. flos aquae when these nutrients were altered in the standard
culture modified BG11 medium.

5-1: Different levels of N/ P with constant ratio

In these experiments, cells were cultured in BGlédiom with altered
concentrations of nitrogen and phosphorus with w@onis(N/ P) ratio either by
increasing or by reducing. The results are illusttan Figures (9&10).
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Chlorophyll a contents of the culture d¥l. flos aquae showed a pronounced
increase with increasing concentrations of nutsexs represented by (N\P) ratio than
that of the control (BG11l) by 6%, 9% and 1.8% at B\,& C concentrations
respectively. At C concentration the growth bedmsecrease, but is still higher than
the control. While at (D, E & F) concentrations tigeowth culture and their
chlorophyll a contents tended to decrease gradually. Chlorbghyalues of (N\P)
ratio of M. aeruginosa were, more or less, decreased than the contadl tnreatments
(A, B, C, D, E &F). Overall, the control showed hig significant values with all N\P
concentrations in both d&fl. aeruginosa & M. flos aquae. Also, the (N\P) ratio at the
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concentration (D) showed a highly significant valwih the control and other
concentrations in case bf. flos aquae and showed no significant values except with
the control in case oM. aeruginosa. The concentrations (A, B &C) showed a
significant value with other concentrations inchglithe control in case of M.
aeruginosa and low significance in case BE. flos aquae.

Cell count values of both growth cultures Mt aeruginosa &M. flos aquae
showed approximately the same trend as tttdorophylla contents in all treatments.
Cell count ofM. flos aquae showed a highly significant value with the concatibns
(A, B & D) while cell count ofM. aeruginosa showed no significant values with all
the concentrations.

Low nitrogen to phosphorus ratio has also been rgbde to favour
cyanobacteria blooms (Metting and Pyne, 1986; Kaetleet al., 2001). Liu (2006)
stated that the N: P ratio is one of the most irigmtrfactors that affect the growth
rate and toxin concentration of the algal specassthe amount of nitrogen in the
aguatic system displayed a positive relationshi wie toxin production and growth,
and the amount of phosphorus displayed a negatige énvestigation of growth and
toxin production rates in field blooms and cultuteals demonstrated that
cyanobacterial dominance and high densitieMoferuginosa were associated with
low nitrogen to phosphorus (N: P) ratios (Jacd@®@0). Downinget al. (2005) noted
that within a range of moderate N: P atomic ratie®, strains oM. aeruginosa, PCC
7806 and UV027 demonstrated a positive and direletionship between protein
concentrations, microcystin production, and gtovete.

5-2: Constant phosphorus concentration with variale nitrogen values.

To explore the effect of phosphorus and nitrogethentwoMicrocystis species
under specific laboratory conditions, the testeghorsms were implicatively cultured
in the BG11 medium with constant standard phospghtevel and variable nitrogen
concentrations. The data are recorded in Figur&&12).Values of chlorophylia
contents at concentrations (A&B) increased aboeectimtrol by (10.12% &14.13%)
and (17.58% & 30.6) foll. aeruginosa andM. flos aquae respectively.

The two species showed significant values at cdraons (A &B). In other
words, when the concentrations of nitrogen wereelotlvan (B conc.) the chlorophyll
a contents increased with the nitrogen concentraBut when the concentrations of
nitrogen were at (C conc.) the chlorophgllcontents significantly decreasedn
general M. flos aquae response was more strongly affected thamaeruginosa under
these specific laboratory conditions. It was natiteat, the concentration (B) showed
a significant value with the cell counts of the tamecies.
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The growth of the species might also be linkedhe toxin production rate.
Accordingly, the growth oM. aeruginosa was reduced under a P limitation due to a
low C fixation rate, whereas the MC content washlrg Consequently, increases in
the MC content per dry weight along with the praducof the more toxic form, MC-
LR, were observed under more P-limited conditiddk ¢t al., 2000).

The high nitrogen sources entered into Wadi El-Railyake may be the reason
for the blooming of the tested microalgae. Thisdtigesis was confirmed by Yoshida
et al. (2007) who suggested that high nitrate loading/ rha a significant factor
promoting the growth of the microcystin subpopwas within M. aeruginosa
communities in Lake Mikata. When surface nitrat@aamtrations increased, there
was a rise in the relative abundance of the mcy#pspulation. This was a positive
correlation with the nitrate concentrations wheramperature and ortho-phosphate
had no significant correlation with the presencenaf/A.

5-3: Constant nitrogen concentration with varieble phosphorus values.

In these experiments, changes in the tbtadrocystis biomass (as represented
by chlorophylla and algal cell count) were investigated at a dffié N/P ratio from
the BG11l medium with constant standard nitrogerell@and variable phosphorus
concentrations. The results are recorded in FiguiE3&14). Chlorophyll a
concentrations and cell countsMf aeruginosa showed, more or less, slightly higher
values at (A conc.) compared to the control by 3£29d 9.5% respectively. While
with gradual decrease in P level there were natsffe
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Fig. 13: Chlorophylla of M. aeruginosa & M. Fig. 14: Cell count ofM. aeruginosa & M. flos
flos aquae related to constant N and aquae related to constant Nand variable P
variable P level. level.

On the other hand, chlorophglof M. flos aquae increased by 23% and 38.5%
at A and B concentrations respectively. Also, aalunts showed higher values,
47.9% and 80.9% respectively. Then it followed bgticed inhibition at the
concentration (C). On the contrary, there were tp@sicorrelations between the
decrease in P level and algal biomass.

It was clearly noticed that, constant nitrogen @mi@tions and variation in
phosphorus level either by increasing or decreashgwed highly significant
chlorophyll a values in both oMicrocystis aeruginosa & M. flos aquae with few
exceptions. While the cell count showed a differ&neind, since it showed non
homogenous pattern of significance. Decreasing pthesphorus level showed a
significant value with the cell count dicrocystis aeruginosa and sometimes withl.
flos aquae.
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The results of the bioassay experiments are irepeagreement with the results
of the field observations in Wadi El-Raiyan Lakeendthe growth oM. aeruginosa
decreased under phosphorus limitation conditiond #re bloom was composed
mainly of M. flos aquae which in turn affect the microcystin producingeaif M.
aeruginosa. This situation appears clearly, when the toxirs wiatected only at the
beginning of the blooming period while it was netetted from week to another till
the end of the blooming period.

The results of the present study go in parallehliose of Kotalet al. (1995),
when the author noticed that, more P in the cultoeeium stimulates the growth and
microcystin production oM. aeruginosa this finding can be extrapolated id.
aeruginosa growing under bloom conditions. That is, the raaurcof P in eutrophic
waters may lower the growth and microcystin-prodgcrate of M. aeruginosa,
resulting in the reduction of toxicity.

CONCLUSIONS

In conclusion, the results obtained from this inigadion indicate that, there are
an inhibitory effect on the growth and survival Mifcrocystis species of Wadi El-
Raiyan Upper Lake with increasing in salinity. Soywould be a way to inhibit the
bloom. Water pH level from 7-11 were suitable foowth of both species , while a
pH lower or higher than this range was associatéd & significantly decreased
growth of these blue-green algae. Nutrients esphe¢&P) implicated greatly in the
blooming of algae in the lake so, this study recanded that the water entered the
lake through EI-Wadi Drain must be increased inunm and adjusted to specific
treatment also certain management to the connectingl must be done in order to
increase the water flow to avoid the toxic effeofsthe bloom forming species
affected deeply on the economic fishes inhabitheglake leading to their death.
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