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Abstract 

The effects of Potassium fertilizer (Potassium sulfate) on Microcystis aeruginosa growth were examined in water fish pond without fish (first experiment) and with fish Oreochromis niloticus average size 2.51 ± 0.26 (second Experiment).Every experiment was conducted using 20 aquaria, four treatments (water pond supplemented with 1.5, 3, 4.5, 6 mM K2SO4 concentration) and control, four replicates   Lc50 for Oreochromis niloticus was 106 cell/ml of Microcystis aeruginosa. The results showed that the average reduction of Microcystis aeruginosa growth in water pond supplemented with 1.5, 3, 4.5, 6 mM K2SO4 concentration were 75.12, 84.63, 79.5, 75.75% in the first experiment but in second experiment were 46.76, 69.73, 61.47, 61.96% respectively. The observations didn't indicate any significant  changed at p< 0.05 in water temperature ranged (26.53 - 28.86 oC)  , pH > 8< 9  in spite of it was significant decreased in chlorophyll "a" and total count of Microcystis aeruginosa in water pond supplemented by potassium fertilizer . It could be concluded that, addition of Potassium fertilizer (Potassium sulfate) in concentration 1.5 - 6 mM was suitable for inhibited Microcystis aeruginosa growth in water fish pond and safe for fish.
Introduction

Traditional methods for controlling algal blooms include use of copper sulfate and urea (Sakamoto et al., 1998) which have not only been found to be extremely expensive but cause adverse effects on aquatic biota when employed for the control of blooms in recreational water. Nevertheless, such treated water becomes extremely toxic and unhealthy for further use.

Water from Microcystis-infested lakes can be toxic to fish (Anderson, et al., 1993 and Bury, et al., 1996), aquatic invertebrates (Berthon, and Brousse. 1995, Reinikainen, et al., 1995  and  Jungmann, 1995), Eutrophic freshwater ecosystems favor the intense development of cyanobateria blooms. These microorganisms are potentially toxins producers able to damage aquatic biota and mammals (Yoo et al., 1995). Cyanobacteria are possibly an important component of tropical cichlids and cyprinids diet (Beveridge et al., 1993). However, toxins can limit fish feeding on cyanobacteria. Beveridge et al., (1993) showed suppression in filtration rate and growth of two tilapia species, Hipophthalmichthys molitrix and Oreochromis niloticus, in presence of toxic Microcystis aeruginosa. Nevertheless, many fish species are not able to avoid ingestion of these toxic organisms in environments such as small lakes and aquaculture ponds (Tencalla and Dietrich, 1997).

Among these Microcystis is the most widespread and frequently encountered organism. It is known to destroy the pristine quality of water and cause many problems such as occurrence of musty odor, fish kill, deterioration of recreational worth and clogging of filter in water supply system. Besides, it also releases toxins such as microcystin (Carmichael, 1992), which is toxic to fishes, aquatic invertebrates, domestic animals and human beings. The development of bloom of this cyanobacterium may also be partly explained by the fact that due to unpalatability, Microcystis are hardly grazed upon by zooplanktons. The ability of Microcystis sp. to photosynthesize at rates higher than green alga may also facilitate the

dominance of Microcystis in water bodies (Osami et al., 1994).

Parker et al. (1997) were the first to provide some basic information about role of K+ in controlling Microcystis growth. They made an extensive survey of over 21 Indian ponds and assayed the concentrations of various heavy metals (Cu, Cr, Ni, Zn, Pb, Mn), cations (Na+, K+, Ca+) and nutrients (ammonium, phosphate, nitrate) commonly present in pond water of Varanasi, India. They came across very interesting results that Na+ concentrations remain constant in almost all ponds surveyed but the K+ concentration varied. Keeping in mind the above finding these workers provided evidence that NaCl stimulates while KCl strongly inhibits the growth of Microcystis in both pond water and in defined media. However, they did not provide any data as how K+ caused toxicity to Microcystis.
Several strains of Microcystis aeruginosa increased toxin production in response to direct and indirect exposure to herbivorous zooplankton, fish and nontoxic cyanobacteria (Jang et al., 2003, 2004, and 2006).

Over 40 species of cyanobacteria are known to produce secondary compounds that are noxious or toxic (Paerl and Millie 1995; Carmichael 1997; Zimba et al. 1999). These metabolites are not essential for any known biochemical pathway and are accumulated in cells during the late exponential growth phase (Zimba et al. 1999). Noxious compounds include 2-methylisoborneol and geosmin; both compounds can impart an earthy, musty taste to water and fish. Irritants from cyanobacteria include production of dermatoxins (`swimmers itch'). Two additional classes of compounds produced by cyanobacteria are toxic; generally the mode of action for these compounds is either to disrupt sodium channels in nervous tissue (neurotoxins: anatoxins and paralytic shellfish poisons) or disrupt liver function (hepatotoxins: microcystins and nodularins). Exposure to these toxins can either kill organisms directly (Carmichael 1996), or weaken the animal and decrease their resistance to bacterial or viral infections.

Sublethal effects resulting from microcystin exposure include liver damage in carp growing in New Zealand lakes (Carbis, et al. 1997) and decreased opercular movement in tilapia fed toxic Microcystis (Keshavanath, et al. 1994).

2. Materials and methods
Organism and growth condition

The test cyanobacterium Microcystis species collected from Central lab for Aquaculture research, Abbassa Abou Hamad Sharkia, was isolated in pure form and stock culture was maintained in DP medium (Parker, 1982) (NaNO3 = 170 mg/l, K2HPO4 = 17.4 mg/l, H3BO3 = 2.5 mg/l, MgSO4 - 7H2O = 50 mg/l, CaCl2 = 20 mg/l, FeCl3-6H2O = 5 mg/l, MnCl3-4H2O = 1.4 mg/l, (NH4)4Mo7O24 - 4H2O = 1 mg/l, ZnCl2 = 0.005 mg/l, CoCl2 = 0.02 mg/l, CuCl2-H2O = 0.0001 mg/l, tricine = 120 mg/l) at pH 9.2 under 75 mmol photon m-2 s-1 PAR irradiance and a 14 h day/10 h night photoperiod at 26 - 2 8 OC. Any drop or rise in pH of medium was adjusted by adding 0.1N NaOH and or 0.1N HCl. To avoid any alteration in pH, the culture medium was buffered with tricine (0.172 gl-1). All experiments were carried out from logarithmic phase cultures grown under above specified conditions for testing of K+ effects. Stock solution of K2so4 (1 M), was prepared in distilled water and stored in plastic wares for short duration. Freshly prepared solution was filter sterilized by passing through Millipore membrane filters (0.45 μm) and supplemented to growth medium at different concentration. . 
Survival and growth measurement

To measure the survival of Microcystis against K+, the exponentially growing cultures in liquid DP medium were plated onto agar plates, which contained various concentrations of K+. Lethal concentration of K+ was determined by plate/colony count method after 20 days (Rai and Raizada, 1985). Four K+ concentrations viz.,1.5, 3.0, 4.5 and 6.0 mM producing 25, 50 , 75, 100% cell inhibition, respectively, were taken for further investigation. Two independent experiments with four treatments and four replicates for each experiment were taken for studied the effect of inhibition of potassium in Microcystis in water fish pond only or with the fish (Oreochromis niloticus).
Sterilization of water fish pond 

Sterilized the water fish pond which infected naturally by Microcystis by adding 3 ml/l from  the Chlorox (common household bleach 5.25% chlorine) to water fish pond 24 hour can be neutralized by adding sodium thiosulfate 1% concentration (use 1.1 ml/10L) Connell, G.F. (1996). Analyses pH , N, P, alkalinity, hardness, and Ammonia in the start and end of experiment 

LC50 for tested the toxicity of Microcystis by serial dilution from Microcystis 101, 102, 103, 104, 105, 106, 108, 1010cells/ml ten fish Oreochromis niloticus average size 2.51 ± 0.26  in aquarium contain 50 liters sterilized water fish pond for 96 hours.  
Experimental design 
The first experiment 
 
20 aquaria filling by 50L of sterilized water fish pond after siphoned  , adding the stock solution  from k2so4  4 aquaria as control  4 aquaria 1.5 mM(treatment 1),  4 aquaria 3mM(treatment 2), 4 aquaria 4.5mM(treatment 3) and 4 aquaria 6mM(treatment 4) supplemented by Microcystis aeruginosa 104 cells/ml .
Second experiment

The same design in the first experiment but contain the fish  , 10 fish Oreochromis niloticus average size 2.51 ± 0.26 in every aquarium . Supplemented by Microcystis aeruginosa 104 cells/ml .
Quantitative estimation of M. aeruginosa cells was carried out by the technique adopted by APHA (1985) using sedimentation method. M. aeruginosa cells samples were preserved in lugol's solution at a ration of 0.3 to 0.7 ml lugol's solution to 100 ml sample and concentrated by sedimentation of 100 ml water sample in a volumetric measuring for about 2 to 7 days. The surface water was siphoned and the sediment was adjusted to 10 ml. from the fixed sample, 1 ml was drawn and placed into Sedgwick-Rafter cell, and then it was microscopically examined for counting. The results were then expressed as cell counts ml -1
Chlorophyll "a" was determined in 100 ml water photometrically by using spectrophotometer APHA (1985). Water temperature (oC), and dissolved oxygen (DO, mgl-1) were measured using oxygen electrode. Water samples were collected to measure the hydrogen ions (pH) by using the ACCUMET pH meter (model 25), total ammonia (mgl-1) by using HACH Comparison (1982), whereas total alkalinity (as CaCo3, mgl-1), total hardness (mgl-1) and nitrate (NO3, mgl-1) were determined according to Boyd and Tuker (1992). 
One way ANOVA was used to evaluate the significant difference of the different treatments. A probability at level of 0.05 or less was considered significant. All statistics were run on the computer, using the SAS program (SAS,2003) 

Results
The inhibitory effect of Potassium fertilizer was quite distinct compared with the control (figure 1) for all four treatments concentrations of the k2so4  the number of M. aeruginosa cells significantly reduced during the 96 hours test period at (p<0.05), the growth inhibition of  M. aeruginosa with 3mM was higher than that with other concentrations and control in the first experiment and second experiments . The average percentage reduction of M. aeruginosa growth in water pond supplemented with 1.5, 3, 4.5, 6 mM k2so4 concentration were 75.12, 84.63, 78.5, 75.75% in the first experiment but in second experiment were 46.76, 69.73, 61.47, 61.96% respectively . The observations didn't indicate any significant changed at (P<0.05) in water temperature which ranged (26.53 – 28.86 oC), pH values >8<9. It was significant decreased in chlorophyll "a" and total count of M. aeruginosa in fertilizer water fish pond by k2so4 in first and second experiment(figure 4,5,6 and7). The Lc50 for Oreochromis niloticus was 106 cells/ml of M. aeruginosa. It was clear that the chlorophyll "a" in the first experiment, more reduction than in second experiment and also the total count of M. aeruginosa take the same trend. Where the number of M. aeruginosa was less in the first experiment than the second experiment. 

The results of water quality are summarized in (Table 1)  during the two experiments. These results showed the nitrogen compound (NH3, NH4 and NO3) was slightly more in second experiment than the first experiment, also the Phosphorus values were higher in the second experiment than the first experiment but no differentiation between the first and second experiment in alkalinity and hardens values.
Discussion

Fig. (1) demonstrates a concentration dependent inhibition of growth of M. aeruginosa exposed to different concentration of K+ (1.5, 3, 4.5, 6 mM) this could be due to K+ induced change in the osmoticam of the cell, thereby causing disturbance in the cellular homeostasis . Further K+ induced alteration in protein content could be due to change  in the cellular homeostasis which is known to have a fundamental role in maintaining the integrity of protein and biomolecules (Padan et al., 1981) and Shukla and  Rai,  2006 supported this results where they found that the concentration of K+ reduced protein content by 44% and generated Na+ efflux of 55% as compared to control .The number of M. aeruginosa cells was significantly reduced may be according to the similarity in physico-chemical structure, competition exists between Na+ and K+ lending to decreased internal Na+ in the cell on increasing K+ concentration in the growth medium this results is also supported by the findings of Reed et al., (1985) who observed that Na+ extrusion in Syncchocystis  pcc 6714 cells was markedly sensitive to external K+ concentration. The more reduction of chlorophyll "a" and take same trend in total count of M. aeruginosa cells in the first experiment, than in the second experiment may be according to slightly increase of water NO3 and P where the fish excrete the faces in the water. 
Water quality is an important factor which might affect the growth of the fish. All chemical parameters of culture waters remained all time with minor changes, but there were significant differences in DO, P and NO3 content between the second experiment and the first experiment. The results showed that the nitrogen compounds (NH3, NH4 and NO3) were more in second experiment than the first experiment, also the Phosphorus values were higher in the second experiment than the first experiment but no differentiation between the first and second experiment in alkalinity and hardens values. The increase in nitrogen compound and phosphor may be according to the fish excrete the faces in the water. All chemical parameters in this study, temperature, oxygen. pH, ammonia, nitrate, total hardness, total alkalinity, and available phosphorus were suitable for fish growth and survival(Boyd 1990).
From the above mentioned study, it could be concluded that, addition of Potassium fertilizer (Potassium sulfate) in concentration 1.5 - 6 mM was suitable for inhibited Microcystis aeruginosa growth in water fish pond and safe for fish
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	Final Time 2nd Experiment
	Final Time 1st Experiment
	Initial Time (source of water)
	parameters

	T4
	T3
	T2
	T1
	T4
	T3
	T2
	T1
	
	

	5.6
 ±
 0.7 b
	5.7 
± 
0.5 b
	6.2 
±
 0.6 a
	6.0
 ±
 0.8 a
	6.3
 ± 0.5 a
	5.7
 ±
 0.9 b
	6.4 
±
 0.5 a
	6.2 
±
 0.3 a
	5.9
 ± 

0.8 a
	Dissolved Oxygen mgl-1

	27.5

±

0.8a
	27.8 ±

1.0a
	28.1 ± 1.3a
	27.4 ±

1.1a
	27.5 ±

1.3a
	27.8

±

1.1 a
	28.1

±

0.8 a
	27.4

±

1.5 a
	26.2

±

1.2 a
	Temperature (Co)

	8.7

± 0.5a
	8.6

± 0.3a
	8.7

± 0.6a
	8.7

±
 0.4a
	8.7

± 0.5a
	8.6

±

0.2ab
	8.7

±

 0.4a
	8.7

 ± 0.4a
	8.2 

± 

0.3b
	pH Values

	0.11 ± 0.04a
	0.12 ± 0.02a
	0.14 ± 0.03a
	0.1

 ± 0.04ab
	0.06 ± 0.02c
	0.08

 ± 0.03b
	0.09

 ± 

0.02ab
	0.07 ± 0.04bc
	0.08 
± 
0.02b
	Ammonia

(mgl-1)

	205
 ± 15b
	225
±
 10a
	230 
±
 18a
	210
 ± 
10ab
	200 ±
 16b
	220
 ±
 20a
	215
 ± 
15a
	210
 ± 
10a
	220
 ±
 12a
	T. alkalinity

(mgl-1)

	210
 ±
20ab
	230
 ± 10a
	208
 ± 12b
	198
±
 18b
	220 ±
 10a
	224
 ±
 18a
	222 
±
 13a
	220
 ±
 10a
	226 
±
 14a
	T. hardness

(mgl-1)

	0.2

± 0.02a
	0.19 ± 0.02a
	0.18 ± 0.02a
	0.16 
± 0.02b
	0.15

± 0.05b
	0.13 ± 0.03c
	0.12

 ± 0.01c
	0.14 ± 0.04b
	0.16

 ± 

0.02b
	No3
(mgl-1)

	1.5

 ± 0.3a
	1.3

 ± 0.3ab
	1.4

 ± 0.3a
	1.4

 ± 0.3a
	1.0

± 0.3c
	0.9

 ± 0.3c
	1.1

 ± 

0.3b
	1.0 

± 

0.3bc
	1.2 

±

 0.3b
	Phosphor

(mgl-1)


Table 1: Some chemical parameters of water fishpond received K+ fertilizer in initial time and final time of two experiments   

a,b,c,d, Values –having different Script at the same row are significantly (p<0.05) different 
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Fig. 7: Chllorophyl "a" changed in water fish pond recived K+ fertilizer in 2nd experiment b
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Fig. 3 : PH values  in water Fish ponds recived K+ fertilizer and control in the 1st experiment
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Fig. 4 : Total count of Microcystis aeruginosa in water fish pond recived k+ fertilizer and control in the 1st experiment

39.2

41.5

40.5

39.8

40.2

32.06

9

7

9.46

15

23

9.07

5.57

7.97

9

17.68

12.33

6.2

8

7.23

15.6

10.9

6.13

7.2

7.77



		0 hour		0 hour		0 hour		0 hour		0 hour

		24 hour		24 hour		24 hour		24 hour		24 hour

		48 hour		48 hour		48 hour		48 hour		48 hour

		72 hour		72 hour		72 hour		72 hour		72 hour

		96 hour		96 hour		96 hour		96 hour		96 hour



control

treat 1

treat 2

treat 3

treat 4

Time/hours

Chlo a ugl-1
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185.3

179.6

183.2

186.4

185.9

175.5

49.4

38.4

51.89

52.28

120

50.2

30.56

43.23

79.37

80.04

48

34.01

43.88

39.66

60.2

40.97

33.62

31.8

42.6



		0 hour		0 hour		0 hour		0 hour		0 hour

		24 hour		24 hour		24 hour		24 hour		24 hour

		48 hour		48 hour		48 hour		48 hour		48 hour

		72 hour		72 hour		72 hour		72 hour		72 hour

		96 hour		96 hour		96 hour		96 hour		96 hour



control

treat 1

treat 2

treat 3

treat 4

Tme/ hours

Cells number (cellml-1)

Fig. 5: Total count of Microcystis aeruginosa in water fish ponds recived K+ fertilizer 2nd experiment
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Fig. 7: Chllorophyl "a" changed in water fish pond recived K+ fertilizer in 2nd experiment b

182.6

184.3

183.9

183.2

184.1

192.05

153.49

85.83

131.5

84.66

148.6

136.3

73.6

100

96.77

106.7

76.8

62.99

59.41

75.83

104.4

74.6

60.2

69.5

73.8



		1.5		1.5

		3		3

		4.5		4.5

		6		6



% reducton in firest experiment

% reducton in second experiment

K+ concentration mMl-1 in water fish pond in the first and second experiments

% reduction growth of M. aeruginosa

Fig. 1 Percentage reduction of Microcystis aeriginosa   in the first and second experiments

75.12

46.76

84.63

69.73

79.5

61.47

75.75

61.96



		





		






_1270392172.xls
Chart9

		0.0 hour		0.0 hour		0.0 hour		0.0 hour		0.0 hour

		24 hour		24 hour		24 hour		24 hour		24 hour

		48 hour		48 hour		48 hour		48 hour		48 hour

		72 hour		72 hour		72 hour		72 hour		72 hour

		96 hour		96 hour		96 hour		96 hour		96 hour



control

treat 1

treat 2

treat 3

treat 4

Time / hours

Temperature degree Co
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Fig. 4 : Total count of Microcystis aeruginosa in water fish pond recived k+ fertilizer and control in the 1st experiment
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Fig. 6: Chlorophyll "a" changed in water fish pond received k+ fertilizer in 1st  experiment
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Fig. 5: Total count of Microcystis aeruginosa in water fish ponds recived K+ fertilizer 2nd experiment
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Fig. 7: Chllorophyl "a" changed in water fish pond recived K+ fertilizer in 2nd experiment b
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