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 Background: Today various aquaponic methods involving fish and vegetables have 
been developed. Researcher recognized the potential of vetiver grass which has high 
economic value. To date vetiver grass is planted in soil and hydroponic media with 
additional nutrients. Objective: This study aimed to find out whether vetiver grass is 
able to grow in aquaponic system and suitable to be planted concurrently with fish. The 
present study is interesting because such topic has never studied before. Result: Nile 
tilapia fish was used and experiments were carried out using Recirculating Aquaponic 
System (RAS) for six weeks where the observations and measurements of which were 
done every week. The result indicated that Nile tilapia planted concurrently with vetiver 
grass in higher density (P2) has the best Relative Growth Rate (RGR) and Feed 
Conversion Ratio (FCR). There was no significant difference between the growth of 
vetiver grass P1 and P2, the grass was able to grow with RGR of 0.01 g day-1. The 
percentage of N and P in vetiver grass tissue reached 1.98% and 0.35%, respectively. 
Such percentage is considered very sufficient and it showed that the nutrient was well-
absorbed. Conclusion: Nile tilapia and vetiver grass are potential to be cultivated in the 
same system and so the system is very potential to be developed.  
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INTRODUCTION 

 
 Aquaponic is an agriculture system that combine aquaculture and hydroponic [1, 2, 3], i.e. the cultivation of 
fish and vegetable is conducted through one system. The common system used in aquaculture and aquaponic 
activities is Recirculating Aquaculture System (RAS) [4, 5] and using the system it is expected that the 
symbiotic relation between fish and biofilter agent can occur. Aquaponic system is now widely applied in many 
countries. Cultivation system by aquaponic brings various advantages, i.e. water reuse, space and production 
efficiency, biosecurity, and double profit from harvest crop [3].  
 The aquaponic system was selected to solve clean water issues. The vegetables were planted as the absorber 
of nitrogen (N) and phosphor (P) in water. There are several types of nitrogen dissolved in the water and the 
most dangerous one for the fish health is ammonia (NH3). Aquatic organisms, especially those in tropical 
regions are very sensitive to the presence of ammonia in the water [6]. The addition of the plants into this 
system was expected to reduce nitrogen content in the water. In water medium the plants will absorb more NH4 
and are expected to reduce the content of NH3 in water through equilibrium system [7]. Aquaponic system is 
highly beneficial because farmers can cultivate two commodities at once [8], i.e. fish and vegetable and 
eventually the harvest will be doubled. Biota that commonly used in aquaponic system is fish or lobster, while 
the vegetables are tomato [9, 10, 11, 12], spinach [13, 14, 15], and lettuce [16]. Aquaponic system can be used 
as alternative for fish cultivation waste treatment and effective reduce 95,1% of total ammonia [17].  
 Nile tilapia fish (Oreochromis niloticus) is a major commodity that is often cultivated using aquaponic 
system [18, 19] and the fish was used due to its high economic value. The cultivation of which is quite easy 
because of its resistance and high tolerance to various environmental conditions. Nile tilapia is proven to be 
well-grown in aquaponic system using vegetables. Due to its easy and fast cultivation period, Nile tilapia fish 
has become favourite commodity for the fans of aquaponic.  



383                                                                     Hefni Effendi et al, 2015 
Advances in Environmental Biology, 9(24) November 2015, Pages: 382-388 

 Vetiver grass (Vetiveria zizanioides) itself is from India and it takes role in soil and water conservation, land 
rehabilitation, pollution control, and water quality improvement [20]. The oil of vetiver grass is well-known as 
having very high economic value, Indonesia in particular Garut district is an vetiver oil exporter, and includes 
the largest supplier of vetiver in addition to Haiti, China, and Romania [21]. Vetver is also have other benefits, 
i.e. medicinal material [22, 23], insect repellent [24], active carbon [25], and biogas material [26]. The grass is 
able to grow in hydroponic medium [27] and remains capable of producing good quality oil [28]. There has been 
no research conducted on the use of vetiver in aquaponic system. Therefore, this study was conducted to 
examine the growth performance of Nile tilapia and vetiver grass cultivated concurrently in aquaponic system 
and to determine the absorption capability of vetiver grass through aquaponics system. Thus, if the information 
is already known, can be done to further the development of vetiver grass as fish farming waste absorber.  
 

MATERIALS AND METHOD 
 
 The study was located at the Laboratory of Centre of Environment Research (PPLH-IPB), Indonesia, 
conducted for six weeks (May 3rd-June 14th 2015). This research used Recirculating Aquaculture System (RAS) 
with vetiver grass as filter to reduce organic matter. A total of 9 experimental units were used, each with 
aquarium of 80 x 40 x 32 cm in size, gutter of 15 x 15 x 50 cm as the place to plant vetiver grass, and tank as 
water meeting point before entering the aquarium. Total water used was 160 L and the water was not changed 
during the experiment. The water was only added when it was reduced because of evaporation and transpiration. 
The design of recirculation system can be seen Fig. 1. 
 Nile tilapias with 8-10 cm in length and average weight of 25 g (p<0.05) were cultivated in aquarium, each 
of which consisted of 20 Nile tilapias. The fishes used in this study came from fish farmers in the area 
Cibereum, Bogor, Indonesia. Before the experiment started, fish acclimatisation for five days was carried out to 
familiarise the fish to new environment and to accumulate organic materials so that the nutrient for the growth 
of vetiver grass is sufficient. After acclimatisation, one month vetiver grasses with 10 cm in height were planted 
in gutters with different planting densities according to their respective treatment. Vetiver grass used in this 
study were from Garut, West Java, Indonesia as the largest vetiver producer in Indonesia. Before planting, 
vetiver grasses were first cleaned from soil and sludge using groundwater. The treatments given were: 
P0 = Nile tilapia without vetiver grass; 
P1 = Nile tilapia with vetiver grass of 160 grams wet density; and 
P2 = Nile tilapia with vetiver grass of 320 grams wet density. 
 

     
 
Fig. 1: Aquaponic system design (A, B), vetiver grass (C), and Nile tilapia (D). 
 
 After vetiver grass planted, the fish was cultivated for 6 weeks. The fish were fed with pellets (commercial 
feed) three times every day (morning, noon, and afternoon); the amount of which was 4% of fish body weight 
with 40% feed protein content. Where any fish died during the cultivation process, the number of which was 
recorded and the dead fish was replaced by a new one with the same weight to keep the number of fish in the 
aquarium for each treatment remained the same. During experiment, no additional nutrients were not given to 
vetiver grass because it is expected that the grass is capable of using available nutrients in the water of 
cultivation media. The growth of fish and vetiver grass was measured every week. Fish measured parameters 
were survival rate (SR), relative growth rate (RGR), and feed conversion ratio (FCR) [29]; while the parameters 
for vetiver grass  were grass crown height, root length, survival rate and relative growth rate [30]. 
 Water quality indicators observed every week were dissolved oxygen, pH, turbidity, temperature, N 
(Ammonia, ammonium, nitrite and nitrate), and P (orthophosphate). Dissolved oxygen and temperature were 
measured using DO meter, pH using pH meter, and turbidity using turbidity meter. Analysis of ammonia, nitrate 
and orthophosphate was conducted in the laboratory using spectrophotometric method which refers to the      
APHA [31]. After all collected, the data were analysed statistically using ANOVA followed with Duncan’s test 
using SPSS v20 software. 
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RESULT AND DISCUSSION 
 
Water quality: 
 Quality of water at the beginning and the end of the experiment can be seen in table 1. Dissolved oxygen 
content in P2 was higher in P1 and P0 although the difference was not significant (p>0.05). On the other hand, 
water pH during the experiment continued to decrease until the end of the experiment. Based on the results, the 
best pH belonged to P2 while water temperature tended to be unchanging and showed no difference between 
treatments (p>0.05). 
 
Table 1: The quality of water at the beginning and end of the experiment. 

Parameter Unit 
Treatment 

P0 P1 P2 
Dissolved oxygen at the beginning mg L-1 5.97 ± 0.18 6.03 ± 0.17 5.85 ± 0.05 

Dissolved oxygen at the end mg L-1 5.28 ± 0.55 5.66 ± 0.16 5.60 ± 0.44 
pH at the beginning - 7.93 ± 0.04 7.94 ± 0.04 7.89 ± 0.09 

pH at the end - 5.64 ± 0.70 5.80 ± 0.12 6.15 ± 0.30 
Temperature at the beginning oC 27.43 ± 0.50 28.13 ± 0.76 27.97 ± 0.64 

Temperature at the end oC 27.93 ± 0.49 28.92 ± 1.06 28.70 ± 0.40 
Turbidity at the beginning NTU 4.39 ± 0.87 4.28 ± 0.59 4.36 ± 0.43 

Turbidity at the end NTU 50.62 ± 44.44 17.09 ± 11.57 8.76 ± 4.50 
Chlorophyll-a at the beginning mg (m3)-1 2.53 ± 1.55 1.98 ± 0.83 3.19 ± 4.55 

Chlorophyll-a at the end mg (m3)-1 58.22 ± 44.77 28.95 ± 25.24 10.38 ± 1.68 

 
 Throughout the experiment turbidity and chlorophyll-a parameter increased. Chlorophyll-a represents 
microalgae abundance in water. The increasing turbidity was allegedly caused by the increasing microalgae. The 
highest turbidity belonged to P0 while the lowest to P2 (Table 1), although they indicated no significant 
difference statistically (p>0.05).  
 The excess of nitrogen (N) and phosphor (P) contents in media can adversely affect fish health, while for 
plants are sources of essential nutrients [32]. The observation on the concentration of dissolved inorganic 
nutrients during experiment can be seen in Table 2. The concentration of NO3 indicated no significant difference 
among the treatments (p>0.05). On the other hand, although nitrite (NO2) is an unstable compound and plants do 
not use nitrogen in NO2 form, however, high concentration of which in aquaculture activities can lead to fish 
poisoning. During this study the concentration of NO2 remained below the quality standard so that it was safe 
for the Nile tilapias. 
 The concentration of ammonia (NH3) in the water should be not higher than 1.0 mg L- 1 [33], otherwise it 
can harm the health and growth of fish. Although during the study NH3 decreased until the end of experiment, 
the concentration of which was optimum for fish to grow. On the other hand, ammonium (NH4) continued to 
increase. The compound is, however, harmless to aquatic organisms and a major source of N for aquatic plants. 
The results indicated that the concentration of NH4 in P2 was lower than in the P1 and P0 although the 
difference was not significant (p>0.05). The concentration difference indicates that vetiver grass used 
ammonium in water. In contrast to nitrogen, phosphor in water, represented by orthophosphate (PO4), showed 
significant difference among treatments (p<0.05) as clearly seen at the end of the observation that the 
concentration of orthophosphate in P2 was lower than in P1 and P0. 
 
Table 2: Dissolved inorganic nutrients at the beginning and the end of observation. 

Parameter Unit 
Treatment 

P0 P1 P2 
NO3 at the beginning mg L-1 2.97 ± 0.08 2.82 ± 0.17 2.98 ± 0.07 

NO3 at the end mg L-1 5.27 ± 0.64 5.68 ± 0.33 5.92 ± 0.43 
NO2 at the beginning mg L-1 0.32 ± 0.12 0.32 ± 0.18 0.29 ± 0.09 

NO2 at the end mg L-1 0.61 ± 0.40 0.81 ± 0.07 0.87 ± 0.01 
NH3 at the beginning mg L-1 0.24 ± 0.09 0.24 ± 0.06 0.19 ± 0.04 

NH3 at the end mg L-1 0.01 ± 0.01 0.01 ± 0.00 0.03 ± 0.02 
NH4 at the beginning mg L-1 3.99 ± 1.21 3.82 ± 0.88 3.36 ± 0.27 

NH4 at the end mg L-1 22.84 ± 0.19 22.92 ± 0.33 22.71 ± 0.57 
PO4 at the beginning mg L-1 0.33 ± 0.06 0.36 ± 0.02 0.28 ± 0.00 

PO4 at the end mg L-1 9.80 ± 1.33 9.51 ± 0.77 7.78 ± 0.74 

 
Performance of Nile tilapia: 
 The growth of Nile tilapia body length and weight during six weeks of cultivation can be seen at Fig. 2. The 
growth of Nile tilapia body length increased rapidly. Based on the chart it is known that the best length growth 
belonged to P2, followed by P1 and P0. The length of Nile tilapia at the end of experiment for P2, P1, and P0 
was 14.6 ± 0.1 cm, 14.2 ± 0.3 cm, and 14.0 ± 0.2 cm, respectively, and the length showed significant difference 
among treatments (p<0.05). Similarly, the weight of Nile tilapia also continued to increase during the cultivation 
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period. The best weight also belonged to P2, followed by P1 and P0. The weight of Nile tilapia at the end of 
cultivation for P2, P1, and P0 was 58.8 ± 1.01 g, 52.6 ± 5.2 g, and 50.6 ± 2.0 g, respectively, and the weight 
showed significant difference among treatments (p<0.05). 
 

 
 
Fig. 2: The length (a) and weight (b) of Nile tilapia. 
 
 Survival rate of each treatment showed no significant difference (p>0.05) (Table 3). Although had lower 
survival rate, P2 was still fall within safe range limit (above 90%). Fish death at P0 occurred in the first and 
second week, while the death in P2 occurred more often in week five and six close to the end of experiment 
period. Such death is common, considering different individual resistance to new environment. During the 
experiment there was no sign of disease attack because of bacteria and fungi. Fish harvested after six weeks of 
cultivation were good in physical condition and healthy (Fig. 3). Relative growth rate of tilapia by weight 
(RGR) represents tilapia weight gain based on time. In this study, the best RGR was found in P2, followed by 
P1 and P0 (Table 3). RGR values in each treatment were statistically different (p<0.05). The higher the value of 
RGR, the faster the fish gains weight.  
 
Table 3: The growth of Nile tilapia (Oreochromis niloticus) at the end of experiment.  

Growth Indicator Unit 
 Treatment  

P0 P1 P2 
Survival rate % 93.33 ± 7.6a 98.33 ± 2.9a 91.66 ± 4.7a 

Relative grow rate g day-1 0.021 ± 0.001a 0.022 ± 0.002a 0.025 ± 0.000b 
Feeding conversion ratio - 2.0 ± 0.1a 1.9 ± 0.3a 1.6 ± 0.1a 

Values with the same superscript letters are not significantly different at the test level of 5% 
 
 The high value of RGR is also proportional to the feed conversion ratio (FCR). Growth is the result of 
energy metabolised through food [29]. The best FCR belonged to P2, followed by P1 and P0 (p>0.05). The FCR 
of P2 was 1.6 which means to produce 1 kg meat a total of 1.6 kg feed is needed. The FCR value in this study is 
similar to tilapia cultivated using aquaponic system along with vegetables, i.e. 1.7 [34]. The lower FCR 
indicates more effective feeding. Feed given is effectively converted into meat by fish. Feed is one of the most 
substantial expenses in fish farming activities. Therefore, when FCR is low and fish feed expense can be 
reduced, that will be more profitable because feed purchase cost can be minimised. 
 The parameters of growth indicated that the best performance of tilapia belonged to P2. Treatment with 
higher density of vetiver grass produces better performance of tilapia. It indicated that tilapia fits and is able to 
grow along with vetiver grass in aquaponic system. Aquaponic method using vetiver grass provides comfortable 
environment for fish. Several factors that influence the growth tilapia are oxygen [35], pH [36], and temperature 
[37]. Tilapia grows optimally in cultivation media with dissolved oxygen level of 5-7.5 mg L-1, pH of 6-9, and 
temperature of 27-29 °C [33]. In this study, based on the water quality P2 contained better dissolved oxygen, 
pH, and temperature than P1 and P0. This is why fish in P2 were allegedly showed better performance than 
those in other treatments. 
 
Performance of vetiver grass: 
 Vetiver grass is one grass plants where the stem and leaves are fused. Vetiver grass growth takes place at 
the base of leaf meristem (nodes). The increase of crown height and root length during six weeks of cultivation 
can be seen in Fig. 4 and 5. Vetiver grass crown height increased in P1 and P2, yet there was no significant 
difference between them (p>0.05). The height of vetiver grass at the end of observation was 49.6 ± 3.1 cm for 
P1 and 49.0 ± 4.9 cm for P2. The grass roots were also well-grown despite of only fine roots existed during 
cultivation period. The observation on the growth of vetiver grass roots is important considering the economic 
value of which comes from its oil that produced by the roots. There was no significant difference (p>0.05) on 
the growth of root length where at the end of the observation the root length was 9.5±1.7 cm and 11.3±0.6 cm 
for P1 and P2, respectively. 
 Faster root growth in P2 is supposedly related to orthophosphate absorption. Salisbury [32] stated that over-
given phosphor in plants leads to higher root growth, and can surpass the growth of plant crown. According to 
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Li [38], phosphor (P) accumulates in plant root tissues. Both statements provide slight explanation on why in 
this study the decrease in orthophosphate was quite effective, given vetiver grass is a plant with good root 
growth.  

     
 
Fig. 3: The growth of Nile tilapia for six weeks of cultivation period. 
 

 
 
Fig. 4: The growth of crown height (a) and root length (b) of vetiver grass. 
 

     
 
Fig. 5: The growth of crown height (A) and root length (B) vetiver grass plant after six weeks of cultivation 
       period. 
 
 During the cultivation period, there was no dead vetiver grass, resulting in the survival rate for P1 and P2 
reached 100% (Table 4) and indicating that the density of vetiver grass plant does not significantly affect plant 
resistance. RGR for P1 and P2 also showed no significant difference, i.e. 0.01 g day-1 (p>0.05). The RGR 
indirectly represents the absorption of nutrients by plants as an important process in the removal of nutrients 
from aquatic environments [38]. Vetiver can remove orthophosphat from aquaculture media until 19.94% and 
ammoniak until 48,36% for their growth [39].    
 
Table 4: The growth of vetiver grass (Vetiveria zizanioides) at the end of experiment. 

Growth Indicator Unit 
 Treatment  

Beginning End (P1) End (P2) 
Survival rate % - 100a 100a 

Relative grow rate g day-1 - 0.01 ± 0.006a 0.01 ± 0.007a 
Nitrogen in leaves % DW 1.21 ± 0.03 1.97 ± 0.13 1.98 ± 0.05 
Nitrogen in root % DW 0.47 ± 0.01 1.05 ± 0.14 1.10 ± 0.07 

Phosphor in leaves % DW 0.24 ± 0.01 0.36 ± 0.04 0.35 ± 0.02 
Phosphor in root % DW 0.04 ± 0.01 0.10 ± 0.02 0.11 ± 0.01 

Values with the same superscript letters are not significantly different at the test level of 5% 
 
 The percentage of nitrogen and phosphor in vetiver grass tissues of P1 and P2 treatment (p>0.05) was not 
different. The concentration of both in the two treatments was quite high, particularly in leaf tissue (Table 4). 
This indicated that during the cultivation period, the vetiver grass did not experience lack of nutrient as the grass 
was able to absorb nutrient in water and store it in tissues for metabolism purpose. This is indicated by the 
increase in nutrient level in tissue after cultivation period. The process of nutrient absorption by the grass is 
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highly influenced by the pH of cultivation media. For water plant, pH influences the process of metabolism and 
nutrient and carbon absorptions [30]. The optimum pH for water plant’s nutrient absorption is below 7 [40].     
 Lack of nutrients in plant would adversely affect nutrient concentration in tissue. The concentrations of 
nitrogen and phosphor considered adequate for higher plants are 1.50% DW and 0.20% DW, respectively [32]. 
Jampeetong [41] stated that vetiver grass cultivated in artificial nutrient has the concentration of N in leaf and 
root tissues of 1.50% DW and 1.30% DW, respectively, while the concentrations of P in the same tissues are 
0.20% DW and 0.15% DW, respectively. The result of that study is almost the same with the result of the 
present study. The cultivation of vetiver grass using aquaponic with recirculating aquaculture system (RAS) 
does not affect the plants’ nutrient absorption. Through the system, water with nutrient content will continuously 
flow through roots so that the organs do not face any difficulties to cultivate nutrient. Due to nutrient-rich water 
that continuously flows, thus the high density for plating in this aspect also does not disturb the growth and 
nutrient absorption of vetiver grass.  
 
Conclusion: 
 Tilapia cultivated in aquaculture media with vetiver grass in the highest density showed the best 
performance. The growth of tilapia is influenced by the quality of its environment. Vetiver grass is supposedly 
capable of providing comfortable environment for tilapia fish to grow. The grass can also grow well in 
cultivation media by absorbing and using nutrient in water for its growth process. The combination of tilapia 
and vetiver grass is suitable and potential to be applied in aquaponic system.  
 
Contributions to knowledge:  
 A good combination between Nile tilapia and vetiver grass in this study could be the basis information for 
develop Recirculating Aquaculture System (RAS) based vetiver grass. Vetiver grass which is an accumulator of 
organic waste can be used as a biofilter to absorb the waste aquaculture so as to reduce pollution and conserve 
water usage. Beside that, farmers also has the double advantage of harvesting fish and vetiver grass that has 
multibenefit. However, this study is still to be developed to see a suitability between vetiver and other fish 
species. 
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