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Abstract 

 
Microalgae Cyanobacteria from the genus Microcystis has the potential to bloom in Sutami reservoirs that located 
in Malang, Indonesia at a particular time. Microcystis is a notorious species because it can produce toxins that are 
dangerous to other organisms. The objective of this research is to determine the influence of different ratios of 
Nitrate and Phosphate on the growth of Microcystis in Sutami reservoir. The study was conducted from April to 
November 2009 and was carried out in situ in the reservoir Sutami with quasi experiment using a completely 
randomized design. Sutami reservoir water which already contained plankton community therein, including 
Microcystis were treated with five variations ratio of Nitrate and Phosphate (10, 20, 40, 80, and 160) and 
untreated water as control. Experiments carried out by using a transparent plastic bag diameter 1 m and 1.5 m 
long, inserted into the water and be immersed in the water by using bamboo. Calculation of Microcystis 
abundance and physic-chemical quality of water is done every three days for a month. The results showed that 
the higher concentration of orthophosphate in the media water of Sutami reservoir have the maximum 
abundance of Microcystis. Abundance of Microcystis grown in Sutami reservoirs have positively correlated with 
actual levels of nitrate, nitrite, total phosphate, conductivity, pH, temperature, ratio of Nitrate to Phosphate 
treatment and water KMnO4 value.  
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Introduction  
 

Blooming populations of microalgae species 
especially Cyanobacteria from genus Microcystis 
occurred in 2002 in the Sutami reservoir located 
in the area of Malang, East Java, Indonesia [13]. 
Based on the monitoring results for the period 
from 2004 to March 2006, we found that 
Microcystis spp. with Synedra sp and Ceratium sp. 
always present in high abundances in the Sutami 
reservoir. An explosion of Microcystis population 
that often occurs in the Sutami reservoir could 
cause the death of fish that live in these waters 
[17]. The monitoring results of the Sutami 
reservoir water quality show that these waters 
were eutrophied and contaminated by organic 
materials [14]. Microcystis is a kind of blue-green 
algae (Cyanobacteria) usually grown on the 
surface of the water. In normal conditions 
Microcystis is not harmful to other organisms or 
humans.  In certain  conditions such as summer 

 
 
 
 
 
 
 

 
with high nutrients (especially nitrate), species 
can grow rapidly commonly called algae blooms. 
In this blooming condition Microcystis can 
produce toxin called microcystin. Microcystin 
has a high toxicity to both the plants and 
animals can lead to death [1,16,6,10,3,17]. 

Control of Microcystis blooming in the waters 
can be done by optimizing the potential of 
microbes in situ capable to reduce pollutants 
cause blooming. However, research on 
environmental factors that cause blooming in 
the waters of the tropics has not been studied. 
Results of research in the laboratory by [10] 
showed that the growth rate of Microcystis is 
positively influence by nitrate concentration and 
the maximal carrying capacity occurred when the 
phosphate concentration 0.4 ppm. Blooming of 
Microcystis can be triggered in B12 media with the 
ratio of nitrate: phosphate concentration were 
20, 40 or 80 as long as the content of phosphate 
in the media was 0.4 ppm and nitrate content 
given in the media was higher along with the 
increasing of ratio 

The results from sub trophic research in 
general can be concluded that the blooming of 
cyanobacteria tended to occur in lakes with a 
mass ratio of TN: TP is less than 29 which is 
generally referred to as "the rule TN: TP" [19,7]. 
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The results of research in Sweden [20] indicated 
that Microcystis blooming influenced by the 
recruitment of Microcystis resting stages that are 
triggered by the high concentration of nutrients 
in combination ratio N: P is low at less than 10. 
Conversely, a research on the lake at China [22] 
showed that the low ratio of TN: TP is not a 
cause of Microcystis blooming but as a result of 
these blooming. Blooming can occur in the ratio 
of TN: TP <29 or TN: TP> 29 with nutrients 
(N, P) is quite high. Blooming can not occur in 
waters with low P concentrations, although the 
presence of N sufficient. Based on the above 
findings, especially the conflict results in the 
areas of research location and the there were no 
research information in similar studies in the 
tropics, therefore this research objective is to 
determine the response of Microcystis growth 
culturing together with other plankton 
communities in situ in the reservoir Sutami 
when treatment with various ratios of nitrate to 
phosphate. These results expected to be used as 
a basis to control Microcystis blooming in the 
waters.  
 
Research Method 

 
This research was conducted from August to 

November in 2009.by a quasi-experiment carried 
out in situ in the Sutami reservoir Malang East 
Java, Indonesia using complete randomized 
design. Water of Sutami reservoir which already 
contained plankton community therein, 
including Microcystis treated five variations of the 
concentration ratio of Nitrate to Phosphate and 
also controls from the water of Sutami reservoir 
which were not given the addition of nutrients.  

Experiments carried out by using a 
transparent plastic bag diameter 1 m and 1.5 m 
long, inserted into the water and can be kept 
immersed in water by using bamboo. To keep 
the water around is not entered to the treatment 
so the plastic bags were made in such a way that 
approximately 10 cm from the plastic bag above 
the water surface. Meanwhile, to keep rain water 
can not enter into the treatment, the plastic is 
also provided which can be used to cover the 
treatment at any time it rains.  

Sample 300 L of water which was already 
contains community of water organisms 
including Microcystis and other plankton taken at 
a depth of 0-50 cm was incorporated into each 
plastic bag given treatment the addition of 
Nitrate and Phosphate in the certain ratios. The 
ratio of 10 with addition 8 ppm of nitrate and 
0.8 ppm phosphate. The ratio 20 with the 

addition of nitrate 8 ppm and phosphate 0.4 
ppm. Ratio 40 with the addition of nitrate 16 
ppm and phosphate 0.4 ppm. Ratio 80 with the 
addition of nitrate 32 ppm and phosphate 0.4 
ppm. The ratio 160 with the addition of nitrate 
32 ppm and phosphate 0.2 ppm. As a control, 
we provided plastic bags that are not treated the 
addition of nutrients. For the comparison, 
besides conducted on the treatment and control, 
sampling was also conducted in the waters 
outside the treatment but in the Sutami reservoir. 
Incubation carried out in the reservoir Sutami 
for 30 days.  

To determine the influence of nutrients and 
other plankton on the growth of Microcystis, then 
in each treatment were measured the water 
quality and calculated the Microcystis abundance 
once every three days to 30 days. After stirring 
in each treatment, we were sampling three liters 
of water using a water sampler vertical one-liter 
capacity. Water sample was accumulated from 
water taken at a depth of + 0-25 cm, 50-75 cm 
and 100-125 cm below the water surface. Some 
samples were used to measure the water quality 
of pH, DO, water temperature, conductivity, 
levels of nitrate, nitrite, ammonia, total Kjeldahl 
Nitrogen, total phosphate and KMnO4 values in 
a way according to [2]. 

Plankton sampling conducted by filtering 1 
liter of water sample using a plankton net with a 
size of 406 pores per inch and a diameter of 12 
cm. Plankton samples be filtered into 15-mL 
inserted into tube to be calculated the 
abundance of Microcystis cells according to [9]. 

Microcystis abundance data calculated from 
each day compiled and graphed the growth 
pattern. Microcystis abundance data used to 
calculate the maximum rate of growth (g=ln Nt-
lnN0)/t) and carrying capacity or the maximum 
abundance (K) of Microcystis which can be 
supported by the media treatment. The 
difference of maximum growth rate (g) and 
maximum abundance of Microcystis (K) between 
the treatments are known from the Anova test, 
followed by the Tukey HSD test performed with 
SPSS package for Windows release 13. Physics-
chemicals quality of measurement results were 
compiled in the table. The interaction between 
Microcystis with physics-chemicals factors were 
analyzed by Pearson correlation coefficients and 
multiple regressions. 

  
Results and Discussion 
 

Microcystis growth pattern that found in this 
research at various ratios nitrate to phosphate 
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can be seen in Figure 1. Based on these images 
can be concluded that increasing the ratio of 
nitrate to phosphate caused the greater 
abundance of Microcystis which can be supported 
by the media. This is not appropriate with the 
opinion about "the rule TN: TP" [19, 7] which 
states that the blooming cyanobacteria tend to 
occur in lakes with a mass ratio of TN to TP is 
less than 29. And also not in accordance with 
the opinion [20] which showed that Microcystis 
blooming in Sweden triggered by the high 
concentration of nutrients in the combination of 
N to P ratio is lower than 10. 

The maximum abundance of Microcystis in the 
treatment ranging from 6.660 x104 Cell/mL to 
26.640 x104 Cell/mL. The treatment of this 
experiment could cause the blooming of 
Microcystis. It is because based on Verspagen 
(2006), it is said the blooming condition if the 
abundance of blooming Microcystis cells in waters 
more than 10.000 cells/mL. 

The calculation result of maximum growth 
rate and carrying capacity can be seen in Figure 
2.  The maximum growth rate is not significance 
difference between the treatment but higher 
significantly if compared to control treatment. 
On the contrary, from Figure 2b concluded that 
the higher of nitrate to phosphate ratio in 
natural water of Sutami reservoir caused the 
greater of the carrying capacity of Microcystis 
which can be supported by the media. It is mean 
that if the concentration of orthophosphate in 
the water is be the same, the blooming of 
Microcystis could be happened if the 
concentration of nitrate in the water is higher. 

 

 
Figure 1. Growth pattern of Microcystis from Sutami reservoirs at 

various ratios nitrate to phosphate 

 
 
Based on the calculation of Pearson correlation 
between environmental parameters with 
Microcystis abundance (Table 1), can be seen that 
the abundance of Microcystis in the reservoir 

Sutami grown together with other plankton at 
various ratios of nitrate to phosphate positively 
correlated with actual levels of nitrate, pH, 
conductivity, KMnO4 value, total phosphate, 
and nitrite. Based on multiple regression analysis 
shows that the abundance of Microcystis 
significantly affected by nitrate, pH and 
temperature of the media with positive influence 
with the following equation:  
Abundance of Microcystis = -59343.5** + 78.1** 
(Nitrate) + 3332.1** (pH) + 1101.4* 
(temperature) with the value of R2 = 0.457 and 
R = 0.676 

 

 
Figure 2. (a) Average of carrying capacity (K) and the maximum 

growth rate of Microcystis (g) each treatment; (b) Correlation 

between nitrate to phosphate ratio and the carrying capacity of 

Microcystis. Note: Different letter showed significance difference 

between K (capital letter) and g (lower case) based on Tukey HSD 

test at α 0.05) 

 
The statistical analyses showed that the main 

environmental parameters that affect the 
abundance or growth of Microcystis in the water is 
nitrate. The increasing of nitrate in the 
environment can trigger the growth of Microcystis 
that caused blooming. The result of study is 
suitable with the opinion which mentions that 
one of the causes of Microcystis blooming is the 
high nitrate [5]. According to [12], Microcystis is 
bio-indicator for eutrophic aquatic with high 
nitrate levels.  Nitrate is a compound of 
polyatomic ions has an empirical formula NO3

-. 
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Nitrate is formed when nitrogen from ammonia 
combines with the oxidized water. Nitrate is a 
form of soluble nitrogen compounds, formed 
through the oxidation process between the 
nitrogen and oxygen. The water organisms used 
nitrate as an energy source in producing new 
cells and colonies. Nitrate together with nitrite 
and ammonia is the main source of nitrogen for 
growth of microalgae, these used as the 
synthesis of amino acids and proteins [11]. 
 

Table 1. Pearson correlation coefficient values between Microcystis 

abundance with environmental factors (Note: * indicates 

significantly different at α 0.05 and ** at α 0.01).  

 
 
 

Based on the correlation analysis found that 
the total phosphate levels correlated positively to 
the abundance of Microcystis and did not 
significance correlate with the level of 
orthophosphate. Phosphate levels in the water 
needed to trigger the occurrence of blooming is 
low. In this study, phosphate is required to 
trigger rapid growth of Microcystis was 0.4 ppm. 
This result was suitable with the opinion of [18], 
that in the aquatic ecosystem elements of 
phosphorus (P) is the limiting nutrient. 
Therefore, if all phosphorus is used so the 
growth of organisms will be decrease though 
other nutrients abundant. Meanwhile, if 
sufficient phosphorus availability, the increased 
concentration of nitrate will trigger blooming 
alga. P element is a vital nutrient for algae 
growth. In the cellular activity, the element 
phosphorus is needed for energy transfer, the 
author of nucleic acids and cell membrane 
phospholipids [4]. Meanwhile, algae in general 
needs of the phosphorus are much lower than 
the need for carbon and nitrogen (106C: 16N: 
1P). If the ratio of N and P availability is 30:1, 
the phosphorus will be exhausted before all the 
nitrogen used. Whereas if the ratio of N and P 
availability is 6:1, then the nitrogen will quickly 
become exhausted and inhibited algae growth [8].  

Conclusions and Recommendations 
 

The results showed that increasing the ratio 
of nitrate to orthophosphate ratio in natural 
media water of Sutami reservoir caused greater 
the maximum abundance of Microcystis which can 
be supported by the media. The abundance of 
Microcystis in the reservoir Sutami grown together 
with other plankton at various ratios of nitrate 
to phosphate positively correlated with actual 
levels of nitrate, pH, conductivity, KMnO4 value, 
total phosphate, and nitrite. Blooming Microcystis 
in the water reservoir Sutami levels can occur in 
high concentration of nitrate waters with a high 
ratio of nitrate to soluble phosphate.  

These results can then be used as the basis 
for the regulation of nutrients in the waters for 
inhibition of Microcystis blooming in the waters. 
We recommend to control level of nitrate with  
orthophosphate content less than 0.4 ppm to 
inhibit Microcystis blooming in the Sutami. 
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