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ABSTRACT 

Nitrate (NO3) and phosphate (PO4) are the main inorganic nutrients required for water 
hyacinth or eceng gondok (E. crassipes) to grow. Administration of water hyacinth in fish 

farming activities can intensively improve water quality because water hyacinth utilizes 
nitrates and phosphates in aquaculture media resulting from fish body metabolism excretion. 
This research aimed to study intensively the distribution of nitrate and phosphate with various 
frequencies of water hyacinth change. This research used a completely randomized design 
(CRD) with four treatments of water hyacinth change frequency, repeated four times. The 
given treatments included: A) Without the administration of water hyacinth (control), B) 
administration of water hyacinth without replacement, C) water hyacinth replacement every 3 
weeks, and D) water hyacinth replacement every two weeks. Parameters observed were 
nitrate and phosphate levels. Specific Growth Rate (SGR) of water hyacinth and Daily 
Growth Rate (DGR) of catfish seeds once a week for 42 days of rearing. The results of this 
research indicate that the frequency of water hyacinth replacement every two weeks (B) can 
reduce nitrate content to 0.79 mg/ L and phosphate content to 0.06 mg/ L at the end of the 
rearing period, so the average Daily Growth Rate (DGR) of catfish seeds increased by 
5.46%/ day. The frequency of water hyacinth replacement every two weeks and every three 
weeks has the same effect on increasing the Specific Growth Rate (LPS) of water hyacinth. 
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Catfish (Clarias sp.) is a freshwater commodity that is widely cultivated intensively with 

high stocking densities. The high increase in stocking density is always followed by an 
increase in the amount of feed, causing farming waste problems. Aquaculture wastes such 
as leftover food and feces discharged into the waters are potential organic contaminants in 
the form of nitrogen (N) and phosphorus (P) which can affect the levels of fertility and water 
quality feasibility for cultivated fish life, especially oxygen. If organic material is not managed 
properly, it will pollute the aquaculture media environment. This can cause a decline in water 
quality to affect the growth of fish, even lead to death. 

One solution to overcome the decline in the water quality of aquaculture media is to 
apply a phytoremediation technology system through the utilization of aquatic plants. Water 
hyacinth or eceng gondok (E. crassipes) is a type of aquatic plant that can be used as a 
phytoremediator for waste in waters (Adeniran, 2011; Vesely et al., 2011; Ochekwu and 
Madagwa, 2013; Ugya and Imam, 2015). 

Waste commonly generated from intensive aquaculture activities in the form of 
inorganic nitrogen (ammonia, nitrate, nitrite, and phosphate) which can harm fish cannot be 
utilized directly by aquatic plants. Instead, it must first go through the process of fixation to 
ammonia (NH3), ammonium (NH4

+), and nitrate (NO3). Nitrogen has a direct negative impact 
on fish growth and immunity. The breakdown of organic nitrogen (protein, urea, feces) and 
inorganic nitrogen originating from the decomposition of organic matter by microbes or fungi 
will produce ammonia (NH3). Ammonia is a metabolic waste, which is, at a certain 
concentration, very toxic to aquatic organisms (Benli et al., 2008; Remen et al., 2008; Boyd, 

2015). Skriptsova and Miroshnikova (2013) stated that nitrogen can be used by aquatic 
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plants to produce protein and chlorophyll whereas phosphate has an important role in energy 
transportation and also the formation of DNA, RNA, and phospholipids. 

Utilization of water hyacinth as a phytoremediator in fish farming has been widely 
applied, but there is still little information on how the utilization of water hyacinth by using the 
replacement technique during fish farming affects water quality. Thus, this research was 
conducted to examine the distribution of nitrate and phosphorus in intensive catfish farming 
with various frequencies of water hyacinth replacement. 
 

MATERIALS AND METHODS OF RESEARCH 

 
This research used catfish seeds as the tested animal and water hyacinth as the 

aquatic plant biota. This research used a completely randomized design (CRD) with four 
treatments of water hyacinth replacement frequency, each of which was repeated four times. 
The treatments were A). Without the administration of water hyacinth (control), B). 
Administration of water hyacinth without replacement, C) Replacement of water hyacinth 
every three weeks, and D). Replacement of water hyacinth every two weeks. 

Catfish seeds used were first adapted in a rearing container for 10-15 minutes. The 
catfish seeds used had an initial weight of ± 5 g. As much as 200 seeds were spread per m2 
in each 50 x 50 cm-sized rearing pool. The rearing was conducted for 42 days with a 
commercial feeding frequency of 3 times per day. Water hyacinth used in this research 
amounted to ± 1000 g wet weight for each rearing pool. 

Observations and measurements were made of nitrate and phosphate levels, the 
Specific Growth Rate of water hyacinth plant and the Daily Growth Rate of catfish seeds 
once a week for 42 days of rearing. Nitrate and phosphate are measured using 
spectrophotometric methods. The Specific Growth Rate of water hyacinth for a certain time 
was calculated using the following formula (Brown, 1997): 
 

%𝑊𝑡 =
𝑊𝑡 −𝑊𝑜

𝑊𝑡  𝑥 𝑡
𝑥 100% 

 
Where: % Wt/day - Specific Growth Rate (%); W0 - Initial Wet Weight (kg); Wt - Final Wet 
Weight (kg); t - Time (7 days). 

Daily Growth Rate of catfish seeds during a certain time is calculated using the 
following formula: 
 

𝐿𝑃𝐻 =
𝑊𝑡 −𝑊𝑜

𝑡
𝑥 100% 

 
Where: DWG - Daily Weight Growth (g/day); Wt - Average Weight of Final Rearing (g); 
Wo - Average Weight of Initial Rearing (g); T - Rearing time (days). 

Furthermore, research data during the rearing period were tabulated using Microsoft 
Excel. Then, nitrate and phosphorus data were analyzed descriptively in the form of tables 
and figures. Meanwhile, the data in the form of growth parameters including the Specific 
Growth Rate of water hyacinth plants and the Daily Growth Rate (DGR) of catfish seeds 
were analyzed using ANOVA. If there is a real difference in the treatment, a further test of 
Duncan will be taken. 
 

RESULTS OF STUDY 

 
The results of observation during 42 days of rearing showed that the distribution of 

nitrate and phosphate in catfish seed rearing pools without administration of water hyacinth 
or control treatment (A) enhanced accordingly to the increase in rearing period. On the 
contrary, nitrate distribution in the treatments using water hyacinth (B, C, and D) decreased 
until the end of reading period while phosphate distribution increased in the second week of 
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rearing then decreased in the third week of rearing until the end of rearing period (Figure 1 
and 2). 
The decrease in nitrate and phosphate distributions in the rearing ponds given by water 
hyacinth (B, C, D) showed a pattern where the nitrate and phosphate decreased in line with 
the increasing frequency of water hyacinth replacement. The treatment of water hyacinth 
replacement with a frequency of every two weeks (D) provided the lowest nitrate and 
phosphate contents in the sixth week (the end of rearing period), which were respectively 
0.79 mg/L and 0.06 mg/L. Meanwhile, the treatment A (control) without administration of 

water hyacinth provided the highest nitrate and phosphate contents in the sixth week (the 
end of rearing period), which were respectively 1.01 mg/L and 0.13 mg/L (Figure 1 and 2). 
The low content of nitrate and phosphate in the treatment D (water hyacinth replacement 
with a frequency of every two weeks) was suspected as the levels of nitrate and phosphate 
in the culture media have been well utilized by water hyacinth as a source of nutrients to 
grow. 

 
 

Figure 1 – Nitrate Concentration in Catfish Seed Rearing Pools with Water Hyacinth Fitoremediator 
for 42 days (Note: A = control, B = administration of water hyacinth without replacement, C = water 
hyacinth replacement every 3 weeks, and D = water hyacinth replacement every two weeks) 

 

 
Figure 2 – Phosphate Concentration in Catfish Seed Rearing Pools with Water Hyacinth 
Fitoremediator for 42 days (Note: A = control, B = administration of water hyacinth without 
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replacement, C = water hyacinth replacement every 3 weeks, and D = water hyacinth replacement 
every two weeks) 

The calculation results of the Specific Growth Rate (SGR) of water hyacinth weight in 
catfish seed rearing for 42 days showed that the highest weight of water hyacinth was 
achieved at the frequency of water hyacinth replacement every three weeks (Treatment C) 
(2.53%/ day) while the lowest was in the Treatment B (administration of water hyacinth 
without replacement) (1.64%/ day) (Figure 3). 

The results of the ANOVA test showed that the treatments of various frequencies of 
water hyacinth replacement significantly affected the Specific Growth Rate (P<0.05). 
Duncan’s further test at 95% confidence interval showed that water hyacinth replacement 
with a frequency of every three weeks (Treatment C) was not significantly different from that 
with a frequency of every two weeks (Treatment D). However, these two treatments were 
significantly different from the control treatment (Treatment A) and that without replacement 
(Treatment B). 

A high Specific Growth Rate in the treatment of water hyacinth replacement with a 
frequency of every three weeks (C) and every two weeks (D) showed that the large ability of 
water hyacinth to grow in the treatments were allegedly due to the adequacy of nutrients, 
especially nitrates and phosphorus. 

 
Figure 3 – Average Specific Growth Rate of Water Hyacinth as Phytormediator in Catfish Seed 
Rearing Ponds during 42 days (Note: A = control, B = administration of water hyacinth without 
replacement, C = water hyacinth replacement every 3 weeks, and D = water hyacinth replacement 
every two weeks) 

 
The results of observation during 42 days of rearing showed that the Daily Growth Rate 

(DGR) of catfish seeds increased in line with the water hyacinth replacement treatments with 
various frequencies. It was obtained that water hyacinth replacement every two weeks 
(Treatment D) provided the highest catfish seed DGR of 5.46% / day while the control 
treatment or the treatment without the use of water hyacinth (Treatment A) had the lowest 
catfish seed DGR of 4.38%/ day (Figure 4). 

The results of the ANOVA test indicated that the treatments of various frequencies of 
water hyacinth significantly affected the Daily Growth Rate of catfish seeds (P < 0.05). 
Duncan’s further test at 95% confidence interval showed that the water hyacinth replacement 
with a frequency of every three weeks (Treatment C) was not significantly different from the 
administration of water hyacinth without replacement (Treatment B). However, both 
treatments were significantly different from the control treatment (Treatment A) and the water 
hyacinth replacement with a frequency of every two weeks (Treatment D). 

This condition illustrates that catfish seeds can grow and develop well in ponds given 
water hyacinth with a frequency of replacement every two weeks (Treatment D). It is 
suspected that replacing water hyacinth plants every two weeks can provide good water 
quality in the catfish seed rearing ponds. Good water quality can be a limiting factor in the 
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culture media and increase the appetite of catfish, leading to an increase in its biomass as 
well. 

 
Figure 4 – Average Daily Growth Rate of Catfish Seed Rearing Ponds during 42 days 
(Note: A = control, B = administration of water hyacinth without replacement, C = water hyacinth 
replacement every 3 weeks, and D = water hyacinth replacement every two weeks) 

 
DISCUSSION OF RESULTS 

 
One important aspect of the utilization of water hyacinth in fish culture media is to 

improve water quality. This research suggests that the improvement of water quality with the 
utilization of water hyacinth will be more optimal when it uses an appropriate frequency of 
replacement during the farming period. Overall, the results of this research indicate that the 
water hyacinth replacement with a frequency of every two weeks during 42 days gained the 
highest Daily Growth Rate (DGR) of catfish seeds, reaching 5.46%/ day (Figure 4). It is 
suspected that this condition was caused by differences in water quality. Good water quality 
can be a limiting factor in the culture media and increase the appetite of catfish. Water 
hyacinth replacement every two weeks causes an increase in water quality so that the feed 
given can be eaten, digested, and retained properly in the form of protein by catfish so that it 
can increase its Daily Growth Rate (Vass et al., 2015). 

The improvement of water quality in the treatment of water hyacinth replacement every 
two weeks is higher than other treatments in this research, supported by the decrease in the 
contents of nitrates (NO3) and phosphates (PO4) in the culture media during 42 days of 
catfish seed rearing. At the end of the rearing period, the treatment of water hyacinth 
replacement with a frequency of every two weeks provided the lowest value of 0.79 mg/L for 
nitrate and 0.06 mg/L for phosphate (Figure 1 and 2). The concentration of nitrate and 
phosphate decreasing at the end of the rearing period is presumably due to being used by 
water hyacinth as a source of nutrients to grow. Wang et al. (2011) stated that 1 kg of water 
hyacinth can absorb 5.0 mg/ LP-PO. This shows that water hyacinth has a significant ability 
to reduce the phosphate concentration in waters. Water hyacinth can absorb heavy metals, 
organic contaminants and nutrients from the water column (Villamagna and Murphy, 2010). 

During this research, the nitrate concentration ranged from 0.79 – 1.01 mg/ L while the 
phosphate concentration ranged from 0.06 – 0.13 mg/L. According to Santhosh and Singh 
(2007), the nitrate concentration supporting for the freshwater fish farming ranges from 0.1 to 
4.0 mg/ L. Meanwhile, Swan (2017) argued that the phosphate concentration in the culture 
media is 0.01 to 3.0 mg/ L. Thus, the nitrate content used during this research is considered 
to be in the normal range so that it is still safe for catfish life, but the phosphate content is in 
the range that is slightly higher than the normal range. Emmanuel et al. (2018) stated that 
phosphate is a limiting nutrient required for the growth of all aquatic plants. Phosphate is not 
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toxic to humans or fish, except at very high concentrations that can cause digestive disorders 
in cultured fish. On another side, nitrate is generally stable under various environmental 
conditions and are very soluble in water. Compared to other inorganic nitrogen compounds, 
nitrate is relatively non-toxic. However, at very high concentrations, it can affect 
osmoregulation, oxygen transportation, eutrophication, and blooming algae (Stone and 
Thomforde, 2004). 

The results of this research also showed that the nitrate concentration in the culture 
media decreased in all treatments with the use of water hyacinth. Moreover, the phosphate 
content increasing in the second week of rearing was presumably because water hyacinth 
had not been able to utilize phosphorus as phosphate directly from the rest of fish 
metabolism. However, during the third to sixth week of rearing, it appeared that water 
hyacinth had been able to utilize phosphorus as phosphate directly from the rest of fish 
metabolism because the phosphate content began to decrease in the third week until the end 
of the rearing period. On the other hand, in the treatment without administration of water 
hyacinth (Treatment A/ Control Treatment), there was an increase in the nitrate and 
phosphate contents every week due to accumulation of fish metabolism and feed residues 
(Figure 1 and 2). 

This condition further strengthens the assumption that the use of nitrogen as nitrate 
(NO3) and phosphorus as phosphate (PO4) by water hyacinth can reduce the pollution 
burden of fish culture media. Like other aquatic plants, water hyacinth can be used as a 
biological filter to change the form of inorganic nitrogen that is harmful to fish such as 
ammonia and nitrite into a harmless form, namely nitrates. Emmanuel et al. (2018) stated 

that nitrate (NO3) is formed through the process of nitrification, that is the oxidation of NO2 to 
NO3 by the activity of aerobic bacteria. This mechanism occurs because water hyacinth 
becomes a substrate of the attachment of nitrification bacteria, namely Nitrosomonas and 
Nitrobacter. These bacteria utilize ammonia and nitrite to be used as food materials which 
will then form nitrates. 

Water hyacinth can utilize nitrate and phosphate with nutrient uptake through its roots 
in the culture media. The absorbed nutrients will then be stored in their body tissues in the 
form of protein used to grow and survive in adverse environmental conditions. Furthermore, 
the concentration of nitrate and phosphate in water hyacinth tissues depends on the amount 
of nitrate and phosphate in the culture media (Okomoda et al., 2012). Vesely et al. (2011) 

revealed that nitrogen as nitrate (NO3) and phosphorus as phosphate (PO4) are the main 
inorganic nutrients needed for water hyacinth to grow. Other nutrients, both organic and 
inorganic, do not have as much effect as nitrates and phosphates. 

The higher ability of water hyacinth to absorb nitrate and phosphate in the culture 
media will increase the growth value. Absorption ability of water hyacinth is increasingly 
enlarged by the frequency of water hyacinth replacement during the fish seed rearing period. 
This is supported by the measurement results of the Specific Growth Rate (SGR) of water 
hyacinth weight in this research, showing that the culture media of catfish seedlings with the 
treatment of water hyacinth replacement with a frequency of every three weeks was higher, 
which was 2.53% / day. However, these results were not significantly different from that with 
a frequency of every two weeks which showed a Specific Growth Rate of water hyacinth of 
2.50%/ day (Figure 3). Agen (2008) explained that the relatively high growth rate indicates 
the large growth ability of each plant during treatment. The higher average of Specific Growth 
Rate of water hyacinth in the treatment of replacement with a frequency of every three weeks 
is assumed to be caused by the growth of water hyacinth which has reached the doubling 
time (DT) before replacement. In contrast, the growth of water hyacinth has not reached the 
doubling time (DT) in the treatment of replacement with a frequency of every two weeks. 
Several studies have suggested that the value of doubling time (DT) of water hyacinth 
ranges between 3 - 64 days (Gutiérrez, 2001; Bianchini, 2015; Eid and Shaltout, 2016). 

The treatment of water hyacinth replacement with a frequency of every two or three 
weeks during the catfish seed rearing can reduce the excessive increase in water hyacinth 
density to maximize the absorption of nutrients in the form of nitrate and phosphate by water 
hyacinth, affecting on the improvement of aquaculture water quality. High stocking density 
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can reduce the growth space of water hyacinth so that nutrient needs become unbalanced. 
As shown by the results of this research, the treatment without the administration of water 
hyacinth (Control Treatment) showed a Specific Growth Rate of 1.64% (Figure 3). Eid and 
Shaltout (2016) stated that the relatively low growth rate of water hyacinth when there is an 
increase in biomass is assumed to be due to their shades as a result of high density or 
intraspecific competition for light and space. The growth of water hyacinth is influenced by 
the availability of nutrients, plant density, light and season. 

The reduction in the Specific Growth Rate of water hyacinth can also cause water 
hyacinth unable to tolerate the burden of catfish farming waste. The increased aquaculture 
waste will certainly increase the nutrients contained in the culture media to provide an 
opportunity for water hyacinth competitors, such as algae and heterotrophic bacteria, to grow 
and develop as well. Agren (2008) stated that slowing growth in plants, in general, is 
positively correlated to decreasing nutrient intake in planting media, which in this research 
refers to the media water used. It also shows the speed of plants in absorbing nutrients in 
waters. 
 

CONCLUSION 
 

Water hyacinth replacement with a frequency of every two weeks provides the lowest 
nitrate and phosphate contents at the end of the catfish seed rearing for 42 days, which is 
0.79 mg/ L for nitrate and 0.06 mg/ L for phosphate, increasing the average Daily Growth 
Rate (DGR) of catfish seeds of 5.46%/ day. Water hyacinth replacements with a frequency of 
every two weeks and every three weeks have the same effect on increasing the Specific 
Growth Rate (SGR) of water hyacinth, ie 2.50%/ day and 2.53%/ day respectively. 
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