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ABSTRACT 

 This study aimed to determine the production of tomato under aquaponic system 
using different substrates. It was conducted at Lipay Proper, San Gabriel, La Union from 
October 10, 2017 to February 17, 2018. Four treatments were used in the study namely the 
beach sand, rice hull, mixture of 50% rice hull and 50% crushed gravel, and crushed gravel. 

 
Analysis of Variance was used to determine the effects of the different substrates on the 

production of tomato. Highly significant results was obtained on the height of tomato, number 
of fruits, weight of ripe fruits, number of marketable fruits, and weight of marketable fruits with 
treatment 4 (crushed gravel) as the best. On the other hand, the fish gained 120.50 grams from 
the initial average weight of 8.50 grams and a final average weight of 129.0 grams. 

 
Economic analysis showed that the highest total of expenses and highest gross income 

were computed in crushed gravel with 172,527.66 pesos and 375,750.00 pesos, respectively 
which has also the highest net income of 203,222.34 pesos. 
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INTRODUCTION 

Due to the increasing demand for 

food because of population growth and 

need to save freshwater, policy-makers in 

the Philippines are cognizant of this 

prediction and are responsive to address the 

Food and Agriculture Organization of the 

United Nations’ (FAO) call to change the 

country’s age-old agricultural practices.  

The call is to shift to new paradigm of 

adopting advanced technologies and 

practice new techniques to increase 

agricultural productivity in the country.  As 

such, the Congressional Commission on 

Science and Technologies and Engineering 

(COMSTE) challenged the Department of 

Agriculture (DA) and the Commission on 

Higher Education (CHED) to cause the 

immediate advocacy and top-priority 

implementation of smart farming systems.  

Smart farming entails the application of 

new production practices to intensify 

agricultural production while utilizing and 

wisely conserving the earth’s resources.  

These technologies include those that are 

employed in other countries which are 

potentially adoptable in local condition.  

One of these technologies is aquaponics – 

the raising of fish and growing vegetables 

in one infrastructure and system 

(Tangonan, 2012).   



Thus, this study was conducted to adopt the 

principle of aquaponic system and to assess 

the production of tomato under aquaponic 

system using different substrates. 

 

METHODOLOGY 

Research Design 

 Experimental research design was 

used in this study following the Complete 

Randomized Design (CRD). The 

treatments used were the following: 

 T1- Beach sand 

 T2- Rice hull 

 T3- Mixture of 50% Rice hull + 50% 

Crushed gravel 

 T4- Crushed gravel 

 As shown in figure below there 

were four different substrates that 

correspond to four treatments. Each 

treatment had two vegetable growing beds 

which correspond to two replications. 

 
 

Materials and Procedures 

 The experiment was carried out 

from October 10, 2017 to February 17, 

2018 in an environmental greenhouse at 

Lipay Proper, San Gabriel, La Union with 

an area of 20 m2 and each treatment has 

growing space of approximately 1 m2.  The 

greenhouse was well-protected and kept 

locked always to prevent unwanted 

individuals and astray animals to interfere 

the system. 

 Experimental Set-up. The 

aquaponic experimental system comprises 

of: 1) a fish tank with a dimension of 1.2 m 

long by 1 m wide by 1.17 m high; 2) a sump 

tank with a dimension of 1 m long by 1 m 

wide by 1 m high; 3) eight tomato grow 

beds with a dimension of 0.88 m long by 

0.56 m wide by 0.27 m high; 4) filtering 

bucket; and 5) interconnected pipes. 

 
The capacity of the fish tank was 1 m3 while 

the sump tank was approximately 0.5 m3. 

The fish tank has a wide opening at the top 

to facilitate the water exchange and fish 

feeding. The tank bottom was filled with 

gravels and hollow blocks to provide 

habitat to the fish. These gravels were 

cleaned properly before they were placed in 

the tank. The water in the fish tank came 

from spring and it was aerated with a 5 



watts aerator pump fitted with two air 

stones to facilitate oxygen for the fish.  The 

fingerlings of an initial average weight of 

8.5 grams were purchased and put in the 

tank at the stocking density of 100 

fingerlings per 1 m3 water. The connecting 

pipes were plumbed to join the vegetable 

grow beds, sump tank and fish tank having 

an inlet and outlet of water. Each grow beds 

was filled with different substrates with a 

thickness of 0.22 m. The grow beds had a 

siphon at the center to facilitate the 

drainage of water going to the sump tank 

after flooding.  Simultaneously, 48 good 

quality tomato plants were transplanted in 

each vegetable grow beds. The tomatoes 

were transplanted 30 days after sowing and 

7 days after stocking the fingerlings. 

Commercial floating feed was fed to the 

fish during night time (4:00-5:00) and 

during daytime (8:00-9:00) at 10% of total 

body weight per day and less of 2% of the 

10% total body weight in every month.  

Circulation of water. The water 

flowed by gravity from the fish tank which 

was the highest point through pipe lines to 

the vegetable grow beds. Then the water 

from the vegetable grow beds was drained 

through the siphon and flowed to the 

pipelines below the vegetable grow beds 

going to the filtering bucket that was on the 

top portion of the sump tank, the lowest 

point. Finally, the water flowed back to the 

fish tank from the sump tank by using an 85 

watts submersible water pump. The water 

from the grow beds was circulated during 

daytime at 6 am to 6 pm considered as the 

irrigation time and was drained during night 

time at 6 pm to 6 am. On the third month of 

the study, 0.1 m3 of water per week was 

added to the sump tank. 

Water quality parameter. The 

water quality parameters such as dissolved 

oxygen, ammonia, nitrite, alkalinity and 

temperature were acquired and utilized to 

achieve a better ecosystem for tilapia and 

tomato. Oxygen is a necessary element for 

the cell activity, so that if oxygen is absent 

in the rooting zone, the crop growth will be 

undermined because crop supplies energy 

for root growth and ion absorption through 

an oxygen-needing process. Aerobic 

conditions improve roots including 

capillary roots by uniform distribution of 

water and air in pores (Ronagi & Maftoon, 

2003). 

 These parameters except the 

temperature were analyzed every 15-day 

interval after the stocking of fish at the 

Bureau of Fisheries and Aquatic Resources, 

Regional Fisheries Office 1 (BFAR-

RFO1), San Fernando City, La Union. 

Temperature was monitored once a week at 

6:00 am and 4:00 pm by the use of handheld 

water thermometer. 

Monitoring of tilapia. Monitoring 

of tilapia was done from stocking and every 

month after transplanting the tomato plants 



until the end of the study. The weight of the 

50% of all the total population which is 100 

fish was sampled for five trials and each 

trial has 10 pieces of fish. It was measured 

by the use of weighing scale through 

volume displacement method. The weight 

gain of tilapia was done by subtracting the 

final weight of fish to the initial weight of 

fish.  

Harvesting. Harvesting of tomato 

was done when the tomato fruits were 

already ripe and ready for marketing while 

harvesting of tilapia was done in 120 days 

after transplanting the tomato to the grow 

beds. 

 

 

 
 

RESULTS AND DISCUSSIONS 

Results revealed that tomato plants under 

treatment 4 is significantly taller than 

treatment 3, while treatment 3 is 

significantly taller than treatment 1 and 2 

which are not significantly different to each 

other. At the last day of gathering, the 

highest mean was in treatment 4 and has a 

measurement of 227.65 cm while the plants 

in treatment 1 were the shortest and had a 

measurement of 180.00 cm.  Results of the 

height of tomato plants were also 

comparable to the study of Salam et al., 

(2013) stating that the overall plant growth 

was higher in gravel bed than brick lets and 

gravel mixed with sawdust.  

 On the other hand, the results on the 

number of fruits revealed that treatment 4 is 

significantly highest among the other 

treatments. At the last day of data 

gathering, the highest mean number of  



 

Table 1.  Data gathered on tomato plant

 Height of 

tomato 

Number of 

fruits 

Weight of ripe 

fruits 

Number of 

marketable 

fruits 

Weight of 

marketable 

fruits 

T1 180.0b 28.0b 671.6c 16.0b 637.6b 

T2 184.9b 29.0b 706.7c 18.0b 669.3b 

T3 202.15ab 33.0b 927.8b 21.0b 896.15b 

T4 227.65a 50.0a 1354.25a 36.0a 1337.75a 
**All means followed by the same letter are not significantly different at 1% level, (HSD). 

fruits was recorded on treatment 4 having a 

mean of 50.0 while the least mean of 28.0 

was recorded in treatment 1. This could be 

due to the effect of the different bedding 

substrate. In treatment 4, crushed gravels 

were used as substrate that provides large 

surface area for bacteria to grow and 

perform nitrification. There were many 

pores and small holes in the substrate that 

provide the plant roots with air (McCauley 

et al., 2005). 

For the weight of ripe fruits, the results 

revealed that treatment 4 is the heaviest 

among the other treatments. The heaviest 

mean weight of ripe fruits was recorded in 

treatment 4 having 1,354.25 grams while 

the lightest mean of 671.6 grams was 

recorded in treatment 1. Results for the 

weight of ripe fruits were comparable to the 

study of Salam et al., (2013), who stated 

that the gravel substrate gave the highest 

tomato production than the brick let and 

mixture of gravel and sawdust substrate. 

The result on the number of marketable 

fruits revealed that the number of 

marketable fruits in treatment 4 is 

significantly highest as to the number of 

marketable fruits than the other treatments. 

At the last day of data gathering, the  

highest mean of marketable fruits was 

recorded on treatment 4 having 36.0 while 

the least mean of 16.0 was recorded in 

treatment 1.  

On the weight of marketable fruits, results 

revealed that the weight of marketable 

fruits in treatment 4 is significantly heavier 

than treatments 1, 2, and 3 which are not 

significantly different to each. At the last 

day of data gathering, the heaviest mean of 

marketable fruits was recorded on 

treatment 4 having 1,337.5 grams while the 



lightest mean of 637.5 grams was recorded 

in treatment 1. 

Growth of Fish 

Table 2. Monthly Weight and Weight Gain 

of fish 

 

 

 

 

PERIOD MONTHLY WEIGHT 

(grams) 

WEIGHT GAIN (grams) 

Initial 8.5 0 

1st month 20.50 12.0 

2nd month 49.0 28.5 

3rd month 92.0 43.0 

4th month 129.0 37.0 

Total weight gain of fish  120.5 

Table shows the monthly weight and 

weight gain of tilapia from initial weight 

during stocking, once a month after 

transplanting tomato, and until the final 

weight on the last month of data gathering. 

During the stocking, the initial weight of 

tilapia was 8.5 grams. On the succeeding 

three months, the weight increased to 20.50 

grams with 12.0 grams gain in weight, 49.0 

grams with 28.5 grams gain in weight and 

92.0 grams with 43.0 grams gain in weight, 

respectively. On the last month of 

gathering, the final average weight was 

increased to 129.0 grams with a total weight 

gain of 120.5 grams. 

 

 

                       

 



Economic Analysis 

The results of the economic analysis in 

terms of the projected production cost per 

120 m2 corresponding to 40 aquaponic 

systems for each treatment having a 1 m3 

fish tank and 3 m2 growing space (FAO, 

2012) in beach sand, rice hull, mixture of 

rice hull and crushed gravel, and crushed 

gravel is presented in Table 3. Beach sand 

has a total expenditures of 154,967.66 

pesos yielded to 2,754 kg/120 m2 for tomato 

and 1,446 kg/40 m2 for tilapia on a gross 

revenue of 269,910.00 pesos while the use 

of rice hull has a total expenditures of 

158,127.66 pesos and produced 2,889 

kg/120 m2 for tomato and 1,446 kg/40 m2 

for tilapia on a gross revenue of 274,635.00 

pesos. Meanwhile, the use of mixture of 

50% rice hull and 50% crushed gravel has a 

total expenditures of 165,327.66 pesos 

yielded to 3,869.7 kg/120 m2 for tomato 

and 1,446 kg/40 m2 for tilapia on a gross 

revenue of 308,968.95 pesos while the use 

of crushed gravel as a substrate has a total 

expenditure of 172,527.66 pesos yielded to 

5,778 kg/120m2 for tomato and 1,446 kg/40 

m2 for tilapia resulted to a gross revenue of 

375,750.00 pesos. 

 On the other hand, table shows the 

income statement of the four treatments 

considering 3 cropping cycle per year. For 

the beach sand, it has a net income  

of 114,943.34 pesos; rice hull has 

116,507.34 pesos net income; mixture of 

50% rice hull and 50% crushed gravel has a 

net income of 143,641.29 pesos; and the 

crushed gravel has 203,222.34 pesos net 

income. In consideration for the net income 

for each treatment, it was observed that the 

beach sand has the lowest cost of capital but 

has the lowest net income. This is due to its 

low yield during the production period. 

However, the crushed gravel has the 

highest capital cost but has highest net 

income. This is due to having the highest 

yield gain during the production period. 

 Based on the results of the analysis, 

crushed gravel gave the highest capital 

production cost because of the high cost 

attributed on the materials used in the 

system. Moreover, crushed gravel gave the 

highest yield on tomato for 3 cropping 

cycle per annum resulting to highest gross 

revenue and highest net income. 

 In consideration to the depreciation 

cost of the materials used on each 

treatments, the experimental area was 

analyzed into an area of 120 m2 considering 

to 3 cropping season per year. Five percent 

(5%) of the material cost was considered as 

the salvage value and the expected life span 

or the useful of the materials was 

determined.   

 

 

 



Table 3. Economic Analysis 

Profitability 
 Beach sand Rice hull Mixture of 50% 

Rice hull and 
50% Crushed 
gravel 

Crushed 
gravel 

Total Production 
Cost 154,967.66 158,127.66 165,327.66 172,527.66 

Gross Revenue 269,910.00 274,635.00 308,968.95 375,750.00 
Net Income 114,943.34 116,507.34 143,641.29 203,222.34 

 

SUMMARY 
The study was conducted at Lipay 

Proper, San Gabriel, La Union from 

October 10, 2017 to February 17, 2018 with 

the following objectives: to determine the 

effect of different substrates in terms of the 

height of tomato, number of fruits, weight 

of ripe fruits, number of marketable fruits, 

and weight of marketable fruits; to 

determine which substrate is the best for 

tomato production under aquaponic system 

in terms of growth, yield, and profit; to 

monitor the growth of fish under aquaponic 

system in terms of the weight and weight 

gain of fish; and to perform economic 

analysis of the four treatments. 

 Four treatments were used namely: 

T1 beach sand, T2 rice hull, T3 mixture of 

50% rice hull and 50% crushed gravel, and 

T4 crushed gravel. It was replicated two 

times and laid out using Complete 

Randomized Design (CRD). 

 Analysis of Variance (ANOVA) 

was used for data analysis using Statistical 

Tool for Agricultural Research (STAR) 

which was applied to determine whether 

there is/are significant difference/s among 

the treatments. Tukey’s Honest Significant 

Difference Test (HSD) was used for further 

test of significance. 

 Effect of the different substrates in 

terms of the height of tomato, number of 

fruits, weight of ripe fruits, number of 

marketable fruits and weight of marketable 

fruits were highly significant where 

treatment 4 using crushed gravel as the best.  

Furthermore, treatment 4 using the 

crushed gravel substrates was the best for 

tomato production under aquaponic system 

in terms of growth, yield and profit. 

 On the other hand, the weight of fish 

showed that the initial average weight was 

8.5 grams, 20.5 grams for the first month, 

49.0 for the second month, 92.0 for the third 

month and 129.0 grams for the fourth 

month. Thus, the total weight gain of tilapia 

for the four month duration of the study was 

120.5 grams per fish. 

 Economic analysis on the four 

treatments was done to compare which 



among the treatments would give the 

highest net income per 120 m2 in 3 cropping 

season per annum. Appendix Table 10 

showed that the net income for beach sand, 

rice hull, mixture of 50% rice hull and 50% 

crushed gravel, and crushed gravel were 

114,943.34 pesos, 116,507.34 pesos, 

143,641.29 pesos and 203,222.34 pesos, 

respectively. 

 Based on the results of the analysis, 

treatment 4 using crushed gravel gave the 

highest income. 

 

CONCLUSIONS 
Based on the results gathered in the 

study, the following conclusions were 

drawn: 

1. The different substrates has 

significant effects on the production 

of tomato in terms of height, 

number of fruits, weight of ripe 

fruits, number of marketable fruits, 

and weight of marketable fruits. 

2. The best substrate for the 

production of tomato under 

aquaponic system is crushed gravel 

in terms of the growth, yield and 

profit. 

3. There is a growth in the weight of 

fish under aquaponic system. 

4. Greater production and profitability 

is achieved using crushed gravel. 

 

 

 


