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Abstract

This study aimed to investigate the use of Chlorophyta  Chlorella elliposoides and Scenedesmus bijuga (Turpin) Lageh as a biological control means against Microcystis aeruginosa Kutz as a laboratory trial before field application. 

The number of M. aeruginosa was reduced in all treatments. The presence of C. elliposoides and S. bijuga are sufficient enough to inhibit or control the growth of M. aeruginosa and safe for the exposed fish. In comparison to the control, the group treated by 20 x 103 cells mL-1 (D3) of C. elliposoides and S. bijuga induced 100% inhibition to M.  aeruginosa and C-phycocyanin (CPC) pigment from day 5 until day 10. M.  aeruginosa was reduced by 87.7 to 97.2% from day 5 until day 10 in the treatment of 10 x 103 cells mL-1 (D1). Also, the CPC was reduced from 81.3 to 86.9% till day 10. The treatment with 15 x 103 cells mL-1 (D2) reduced the count of M.  aeruginosa by 92.6 to 98.7% till day 10 but the CPC was inhibited by 99.8 to 99.9% from day 5 till day 10. The abundance of green algae showed negative correlation with the abundance of blue green algae (r = -0.65). In addition, the same negative correlation was established between chlorophyll “b” content and C-phycocyanin pigment (r = -0.65).

The hematological and serum biochemical parameters showed no significant difference between the control and all other treatments. 

1. Introduction

Fish is one of the cheapest sources of animal protein and is considered as a good replacement for meat and poultry in the human diet for its high nutritive value.  Phytoplankton communities in fish ponds at moderate standing crops are net producers of dissolved oxygen, and they assimilate ammonia as a nitrogen source for growth, thereby reducing the accumulation of un-ionized ammonia, which, can be toxic to aquatic animals at relatively low concentrations. Although, phytoplankton is beneficial in aquaculture ponds, many water quality problems result from unmanaged growth of phytoplankton communities (Smith, 1991). Among these phytoplankton communities, cyanobacteria “blue green algae” is a noxious group in freshwater aquaculture ponds. Microcystis aeruginosa is a blue-green alga that grows naturally in many surface waters and under most weather conditions and normally does not pose a hazard to wildlife or human beings.

However, under certain conditions (warm water with abundant nutrients) Microcystis aeruginosa can grow more rapidly than normal, forming large colonial masses floating on the water (algal blooms). Under these conditions, Microcystis aeruginosa can produce natural potent toxins (microcystins) that are released to the water when the cells die and disintegrate (Landsberg, 2002). 

Blooms are also responsible for consuming much of the oxygen produced. Fortunately, during daylight they usually produce more oxygen than they use, resulting in a surplus for fish and other organisms.  However, at night, production of oxygen through photosynthesis ceases, but the oxygen consumption rate does not change, often causing deficiency in the oxygen “budget.” Under certain conditions, the level of oxygen can become critically low and fish may suffocate or at least become stressed to the point of being susceptible to disease.

Blue-green algal blooms have known to be involved in animal deaths and even human illness in many countries. The species responsible for most of the poisonous outbreaks are Microcystis aeruginosa, Anabaena flos-aquae and Aphanizomenon flos-aquae. M. aeruginosa probably causes the most harmful effect (Carmichael, 1982). The secreted toxin has one of the most potent and destructive effects on vertebrate livers (Botes et al., 1984). A variety of odorous compounds can also be produced and absorbed by fish and taint fish flavor (Cacho et al., 1986).

To minimize the harmful algal blooms, control of eutrophication, or selection of aquaculture sites was suggested as preventive measures (Anderson 1997). But these strategies are not widely accepted (Sengco et al., 2001). Also, several chemical methods are employed (Jhingran, 1995), but they are too expensive, ineffective and may have some residual effects in the aquatic organisms (Anderson 1997). 

This study aimed to use Chlorella elliposoides and Scenedesmus bijuga for biological control of Microcystis aeruginosa as a laboratory trial before field application. 
Materials and methods

1- Outdoor and Indoor algae mass culture: 

Chlorella elliposoides and Scenedesmus bijuga (Turpin) Lageh were isolated from Nile River water samples according to Pascher (1915). The microalgae were subcultured in Bold's basal medium (BBM) (Bischoff & Bold, 1963). The cultures were allowed to grow in the algae culture room at 25 (C and 14/10 light-dark cycle (5000 lux).
Stock cultures of C. elliposoides & S. bijuga were prepared at WorldFish Center in two litres capacity flasks in the laboratory for 5-6 days, then inoculated in carboy cultures at a density of 1 x 105 cells mL-1. The carboy cultures were used as inocula for two different phases of production in indoor and outdoor glass aquaria. The transfer of the algal cells to fish aquaria was achieved at a density of 5 x 106 cells mL-1.

2- Experimental treatment:
The indoor experiment was carried out in natural sunlight using 24 glass aquaria as two division each has four groups (each aquarium has 100 litres capacity) at WorldFish Center. 10 Nile tilapia (Oreochromis niloticus) with initial weight of 55±5 g were stocked in each aquarium. Experimental fish were fed daily 3% of their body weight with a commercial formulated feed containing 25% protein. Aeration was supplemented, provided by a regenerative blower and diffusion stones submerged at the bottom of each aquarium. 

The aquaria of first division were filled with field surface water containing definite aliquots of cyanobacteria, Microcystis aeruginosa having a known species composition count of phytoplankton, chlorophyll “a”, “b”, “c” and C-phycocyanin content from fish ponds that have the problems as positive treatments. First 3 aquaria groups were seeded with C. elliposoides & S. bijuga at 3 initial densities; 10 x 103 cells mL-1, 15 x 103 cells mL-1, 20 x 103 cells mL-1 for 1st , 2nd and 3rd aquaria groups (D1+ve, D2+ve and D3+ve); respectively. Fourth aquaria group served as control without any addition of green algae (cont+ve). The aquaria of second division were filled with canal water without Microcystis. First 3 aquaria groups were inoculated with the same three initial inocula of green (D1-ve, D2-ve and D3-ve respectively). Fourth aquaria group served as control without any addition of green algae (cont-ve) as negative treatments for hematological parameters
 All treatments and control were carried in triplicates. The experiment was maintained for 10 days. Sampling for chemical, physical and biological analyses in all treatments and control were carried out at 0, 5, 10 days intervals, while those for hematological and serum biochemical parameters were done at the end of the experiment (10 days).

The following formula was used to compute for the required volume of stock green algae to be added into the aquaria (Tendencia et al., 2005). 

        Volume to be added = (desired density-existing density) x volume of water in aquarium 

                                                              Density of stock culture

Table (1): Comparison between Chlorella elliposoides & Scenedesmus bijuga and Microcystis aeroginosa
	Microcystis (Cyanobacteria)
	Chlorella and Scenedesmus(Chlorophyta)

	 - Slow and low growth rates
  (µ at 25ºC =0.19 d-1).
	 - Fast and high growth rates
   (µ at 25ºC =0.7 ˜0.83 d-1).

	 - Tolerant temperature up to 25ºC
	 - Tolerant high temperature up to 35ºC  

	 - Gram-negative bacteria
	 - Strongest Antimicrobial activity against Gram-             negative bacteria

	 - High nutrient uptake capabilities
	 - Fast and very high nutrient uptake capabilities

	 - Aggregation properties (blooms) 
	 - No aggregation properties but colonization (no blooms)


3- Laboratory investigations:


The laboratory investigations were completed (by the end of 5th and 10th days of treatment) at WorldFish Center where chlorophyll, C-phycocyanin and phytoplankton count were estimated. Also, the physicochemical characteristics of water were analyzed. Hematological and serum biochemical analyses of experimental fish were also performed.
A-Estimation of Chlorophylls:
Chlorophyll a, b, and c contents were determined in water photometrically by using spectrophotometer. Water samples (100 mL) were filtered through a membrane filter (0.45 µm pore size) then extracted with 90% acetone. Calculation of the chlorophyll a, b, and c was carried out using the equation adopted by APHA (1985). 

B-Estimation of C-phycocyanin:

Spectrophotometrically, the C-phycocyanin (CPC) concentration was calculated using Beer’s law and an extinction coefficient of 7.9 L g-1 cm-1 (Svedberg & Katsurai, 1929):

CPCgL-1 = A625/7.9 Lper gcm x 1 cm.
C- Phytoplankton estimation: 
Quantitative estimation of phytoplankton was carried out by the technique adopted by APHA (1985) using the sedimentation method. Phytoplankton samples were preserved in Lugol’s solution at a ratio of 3 to 7 mL Lugol’s solution to one liter sample and concentrated by sedimentation of one litre water sample in a volumetric measuring for about 2 to 7 days. The surface water was siphoned and the sediment was adjusted to 100 mL. From the fixed sample, 1 mL was drown and placed into sedgwick-Rafter cell, then it was microscopically examined for counting after identification of phytoplanktonic organisms. The results were then expressed as cell counts mL-1. The phytoplankton cells were identified to four divisions as (chlorophyta), (cyanobacteria), (bacillariophyta), and (euglenophyta). For identification of the algal taxa, [Fritsch (1979) and Komarek and Fott (1983)].

D- Physicochemical analysis of water:

Water temperature (oC); and dissolved oxygen (DO, mgL-1) were measured using an oxygen electrode. Water samples were collected to measure both the hydrogen ions (pH) by using the ACCUMET pH meter (model 25) and total ammonia (mgL-1) by using HACH Comparison (1982). Total alkalinity (as CaCO3 mgL-1), total hardness (mgL-1) and nitrate (NO3) were determined according to Boyd and Tucker (1992).
E- Hematological and serum biochemical analyses:

Blood samples were collected from the caudal vein of all experimented fish in the four groups using sterile syringes; whole blood and serum were prepared. The whole blood used for the determination of hemoglobin, total erythrocytic and leukocytic counts and differential leukocytic count according to Stoskoph (1993). The serum used for the estimation of alanine amino-tranferase (ALT) (Bergmeyer et al., 1986) and creatinin (Bartels, 1972).

4- Statistical analysis: 
One-way ANOVA was used to evaluate the significant difference of the different treatments and duration. A probability at level of 0.05 or less was considered significant. All statistical analyses were run on the computer, using the SAS program (SAS, 2003). 

Results 

The number of Microcystis aeruginosa was reduced in all treatments (Table 2). In comparison to the control, the group treated by 20 x 103 cells mL-1 (D3) of C. elliposoides and S. bijuga induced 100% inhibition to M.  aeruginosa and C-phycocyanin (CPC) pigment (Table 2) from day 5 until day 10. M.  aeruginosa was reduced by 87.7 to 97.2% from day 5 until day 10 in the treatment of 10 x 103 cells mL-1 (D1). Also, the CPC was reduced from 81.3 to 86.9% till day 10. The treatment with 15 x 103 cells mL-1 (D2) reduced the count of M.  aeruginosa by 92.6 to 98.7% till day 10 but the CPC was inhibited by 99.8 to 99.9% from day 5 till day 10.

On the other hand, D3 showed significant increase in the growth of green algae (1361 x 103 cells mL-1 and 1813.3 x 103 cells mL-1 at day 5 and day 10 respectively) than the other two treatments and control. The chlorophyll “b” content was the highest in D3 at day 5 (Table 3). No significant differences in M. aeruginosa count and CPC were observed between treatments. The count of M. aeruginosa in the control was significantly higher (P< 0.05) than other treatments. Diatoms were observed in all treatment from day 5 to day 10 were it increased with increase in green algal concentration. 

A multiple correlation analysis including 9 biological variables, was carried out for the experiment (Table 4). The correlation coefficient (r) of the significant relationships (P<0.05) are only listed. The abundance of green algae showed negative correlation with the abundance of blue green algae (r = -0.65). In addition, the same negative correlation was established between chlorophyll “b” content and C-phycocyanin pigment (r = -0.65). On the other hand, the green algal count was high positively correlated with chlorophyll “a” (r = 0.79). Also, the growth of diatoms showed positive correlation with the chlorophyll “a” content (r = 0.8).

Results of the chemical parameters and total harvest of Nile tilapia fish at the end of the experiment are shown in (Table 5). Results showed no significant difference (P < 0.05) in temperature, total alkalinity, total hardness and nitrate-nitrogen contents of the water in comparison to the control at day 5. The dissolved oxygen, pH and ammonia-nitrogen content of the water were significantly higher (P < 0.05) in D3 20 x 103 cells mL-1 than other treatments and control. In contrary the available phosphorus was significantly higher in the control than other treatments at days 5. The total harvest of Nile tilapia in D3 was the highest and significantly different (P < 0.05) whereas the lowest value was in control group at the end of experiment. 

The hematological and serum biochemical parameters by the end of experiment (10 days) showed no significant difference between the control positive (pond water with Microcystis cells) and negative (canal water without Microcystis cells) groups in all parameters. Creatinin revealed non significant increase in control positive than control negative (Table 6). 

In comparison to the control groups, there were no significance difference in the three (D1+ve, D2+ve and D3+ve) positive treatments (pond water with Microcystis cells) and three negative treatments (canal water without Microcystis) in all hematological parameters (hemoglobin content, total erthrocytic counts, differential leukocytic cells). The serum parameters (ALT and creatinin) in all treatments showed non significant changes in comparison to the control groups.
Discussion

Cyanobacteria have high nutrient uptake capabilities as they can accumulate inorganic phosphorus and nitrogen and store them as polyphosphate and cyanophycin, respectively, when the water temperature was approximately 20 to 25ºC (Fay, 1983). 

Past efforts to minimize harmful algal blooms (HABs) impacts have focused on preventive measures, such as control of eutrophication, selection of aquaculture sites (Anderson 1997), and monitoring to prevent algal toxins from reaching human consumers and causing damage to fish and shellfish. Though, monitoring and management are effective tools to minimize health and economic impacts of HABs, there are no widely accepted strategies to suppress blooms and directly limit the proliferation and distribution of the causative organisms (Sengco et al., 2001). Several chemical methods are employed to control algal blooms in tropical water bodies (Jhingran, 1995), but they are too expensive, ineffective, or have some residual effects in the aquatic food chain in the long run (Anderson 1997). 

The main constraintion to the microalgal production for aquaculture is the cost. The production costs of algae such as Spirulina, Dunaliella and Chlorella are of $US 15-20 kg-1 dry algae (Borowitzka, 1992 and Tanticharoen et al., 1993). Some reports for producing microalgae at Abbassa, Skarkia Governorate, Egypt found that the operating costs of producing 1 ton of microalgae (Chlorella and Scenedesmus) by clean processes were LE 40.53 ton-1 live algae (Dawah, 2000). This initiates the idea to apply the biological control to protect the ponds, which, suffer from Microcystis cells without any chemical or algaecidal treatment and to keep good water quality in fish ponds and good fish meat without any off-flavor and toxins.  
In the present study, using C. elliposoides & S. bijuga at dose rate 20 x 103 cells mL-1 (D3) resulted no detection of M. aeruginosa from day 5 until day 10. This is consistent with Mespoulede (1997) who observed thatrapid contamination of the cyanobacteria outdoor culture by Chlorella and Scenedesmus cause lethal effects on cyanobacteria outdoor culture. The colonization by Chlorella and Scenedesmus and the reduction of the polar cyanobacteria biomass may be related to the relatively slow growth rates at high temperatures (µ at 25ºC =0.19 d-1). Strains of cyanobacteria Microcystis cells have highest growth rate at 20ºC (µ =0.23 d-1). Another report in the factory to produce some commercial dyes from cyanobacteria found high contamination of cyanobacteria outdoor mass culture with Chlorella and Scenedesmus, this is due to the fast and high growth rates of these organisms. The growth rates of outdoor cultivation of Chlorella and Scenedesmus cultured in secondary drainage water were 0.75 and 0.83 µ d-1 respectively (Dawah & Nagdy, 2000) and in secondary sewage water were  0.7 and 0.8 µ d-1 respectively (Dawah et al., (2002). Also, the production of antibacterial substances from Chlorella and Scenedesmus could be the reason for this phenomenon. Chlorella and Scenedesmus produce a lot of active substances with antibacterial activity against Gram-positive and Gram-negative bacteria when found in competition with other organisms (Shi-Li, et al., 2001). 

Cyanobacteria are a diverse group of photosynthetic, prokaryotic organisms found in fresh water and marine environments (Schopf and Packer, 1987). Their cell structure resembles that of Gram negative bacteria, but as a rule they live photoautotrophically. This is consistent with Tendencia and dela Pena (2003) who reported that luminous bacteria were not detected in flasks with Chlorella sp. after 2 days in a 3-day experiment. Also, Tendencia et al., (2005) showed that the luminous bacterial counts in tanks with Chlorella sp. were lowest only from day 1 to day 5.

These micro-algae are found in pond water and could flurish upon exposure to sunlight. It is possible that these micro-algae could have antibacterial activity against some Gram negative bacteria (Lio-Po et al., 2002).

The hematological examinations revealed no significant differences within control group or treated groups and between treated groups and the control group, that might indicate the little reflection of Microcystis aeruginosa or its toxins and/or Chlorella as well as Scenedesmus sp in the hematological parameters after 10 days of exposure.

The serum biochemistry examination resulted in a non significant increase in the serum parameters (ALT and creatinin) of control+ve was observed in comparison to the control-ve. This indicated a little side effect of Microcystis aeruginosa in the fish liver and kidney function after 10 days of exposure. 

The negative treatments revealed non significant (D2-ve & D3-ve) to significant (D1-ve) increases in the serum parameters in comparison to the control negative. The other positive treatments revealed non significant (D2+ve & D3+ve) to significant (D1+ve) decreases in the serum parameters in comparison to the control positive. These findings indicate the safety of these treatments and the disappearance of the side effect to each of them upon applying or mixing together.

Chlorella and Scenedesmus sp. are single-cell algae and are not drug depressant but may be the perfect food. These algae contain 50-60% protein, much vitamin C and more vitamin B-12, minerals and essential amino acids (Halama 1990). 
The total harvest of Nile tilapia in D3+ve was highest where the algal count was the highest than other treatments and control. Aquaria in this study were not covered during sunny days to allow sunlight penetration and encourage growth of micro-algae. Tilapia is herbivorous and they could have feeding on the seeded Chlorella and Scenedesmus sp. 

The present experiment showed that the presence of Chlorella and Scenedesmus sp. are sufficient enough to inhibit or control the growth of M. aeruginosa in the dose D2 (15 x 103 cells mL-1) for 10 days period or dose D3 (20 x 103 cells mL-1) for 5 days period and safe for the exposed fish. Finally, it is better to convert most or all phytoplankton productivity from harm algae (cyanobacteria), which, are inedible to benefit algae biomass (Chlorophyta) where fish can use as a good natural food.

This report serves as a guide in the biological control of M. aeruginosa among tilapia fish in aquaria. It also provides baseline information for future research studies along the same line.
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المقاومة الحيوية لسيانوبكتريا ميكروسيست ايروجينوزا بإستعمال
 الإنتاج الكمى  للكلوريلا و السينيدسمس
عايده محمد ضوه* ، جمال عثمان النجار**، صلاح الدين مصيلحى**
*المعمل المركزى لبحوث الثروة السمكية - مركز البحوث الزراعية- جيزة – مصر
**المركز الدولى للأسماك – العباسة – أبو حماد – شرقية - مصر
قد هدّفتْ هذه الدراسةِ لتَحرّي إستعمالِ الطحالبِ الخضراءِ الكلوريلا والسينيدسمس لإحداث مقاومة  حيوية على الميكروسيست اروجينوزا كاختبار معملى تمهيدا للتطبيق الحقلِى.
أحدثت المحموعة التى عالجد من قبل المعلملة الثالثة 20 x 310 خلية مللى-1 (دي 3) من الكلوريلا والسينيدسمس 100% تصبيط للميكروسيست و صبغة الفيكوسيانبن CPC)) من يوم 5 حتى يوم 10.

أيضا خُفّضَ عدد الميكروسيست ب87.7 إلى 97.2 % مِنْ يومِ 5 حتى يومِ 10 بإستخدام المعاملةِ الأولى 10 x 310 خلية مللى-1 (دي 1) ، خُفّضَ صبغة الفيكوسيانبن CPC)) مِنْ 81.3 إلى 86.9 % حتى يومِ 10. وقد خفّضْ عدد الميكروسيست المعاملة الثانية 15 x 310 خلية مللى-1 (دي 2) ب92.6 إلى 98.7 % حتى يومِ 10 لكن مُنِعتْ CPC)) ب99.8 إلى 99.9 % مِنْ يومِ 5 حتى يومِ 10. أوضحت الدراسة  الإرتباطِ السلبيِ لوفرةُ الطحالبِ الخضراءِ بوفرةِ الطحالبِ الخضراءِ المزرقة (r = -0.65). بالإضافة الى وجود نفس الإرتباطِ السلبيِ بين محيوى الكلوروفيلِ "b" و صبغة الفيكوسيانبن  (r = -0.65).

أوضحت الدراسة بعدم وجود أي إختلافِ هامِّ بين المجموعة الضابطة وكُلّ المعاملات الأخرى فى القياسات الكيميائية الحيوية.
وقد خلصت الدراسة الى ان استعمال الكلوريلا والسينيدسمس أدى الى انخفاض عدد الميكروسيست اروجينوزا فى جميع المعاملات مما يوكد مقدرتها فى المقاومة على هذا الطحلب كما ان استخدامها فى وجود الأسماك كان آمنا لصحة الأسماك.
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