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A survey was conducted to collect information about commercial aquaponics farms in Malaysia to 

provide insight into their operating status and to promote aquaculture sustainability. A total of 13 

aquaponics farms from Selangor (9), Pulau Pinang (2) and Sarawak (2) participated in this survey. 

Farm general information, crop, fish and aquaponics system, financial input and output, and farm 

challenges of each aquaponics farm were summarised. Aquaponics farms are mainly located in urban 

areas where 84.6% of the farms were intermediate farms (>1076 ft2–≤5382 ft2) and large farms 

(>5382 ft2). The most produced crops and fish by these aquaponics farms were leafy vegetables and 

tilapia respectively. Aquaponics farmers spent an average of RM 75.44/ft2 on the initial capital while 

RM 16.44/ft2 on the annual expenses. On average, crop production value was threefold higher than 

fish production value produced by these aquaponics farms. Plant pests and diseases, pH instability 

and nutrient deficiencies in the aquaponics system as well as financial issues were some of the main 

challenges faced by the aquaponics farmers. 
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I. INTRODUCTION 

 
Aquaponics is an agricultural practice that combines the 

principles of aquaculture and hydroponics, and it has gained 

a good deal of attention worldwide (Pattillo et al., 2022). It 

integrates a recirculating aquaculture system (RAS) with 

hydroponic to culture aquatic organisms and plants in a 

recirculating unit. In the aquaponics system, effluent is 

channelled from the fish tank to the plant tank and used as a 

nutrient source after the conversion of ammonia to nitrate. 

The water is then recycled back to the fish tank. This 

mechanism contributes to the treatment of aquaculture waste 

and minimises the environmental impacts caused by fish 

wastewater. Besides that, the aquaponics system also 

improves land and water management, economic viability, 

increases food productivity, influences social education, and 

promotes farm diversification (Somerville et al., 2014; Rizal 

et al., 2017; Lennard & Goddek, 2019). It has become one of 

the technology-intensive innovations recommended by FAO 

(2020) for aquaculture sustainability. 

Previous studies reported that aquaponics improved the 

survival rate and growth performance of the Nile tilapia 

(Oreochromis niloticus) and rainbow trout (Oncorhynchus 

mykiss) (Effendi et al., 2017; Setiadi et al., 2018; Atique et al., 

2022). Aquaponically grown fish had significantly higher 

weight gain, lower mortality rate and lower FCR compared to 

those cultured in RAS due to water quality enhancement that 

comes with higher dissolved oxygen (DO), lower total 

ammonia nitrogen (TAN) and nitrite concentration in the 

culture water (Effendi et al., 2017; Setiadi et al., 2018; Atique, 

et al., 2022).  Aquaponics practitioners grow mostly leafy 

vegetables and herbs in the aquaponics systems (Pattilo et al., 

2022).  
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Some surveys were conducted to review and document the 

status of aquaponics development in different regions, 

including two global surveys (Love et al., 2015; Pattillo et al., 

2022), Europe (Villarroel et al., 2016), South Africa (Mchunu, 

et al., 2018), Philippines (Bosma et al., 2017) and Czechia 

(Tůmová et al., 2020). Although these studies reported that 

aquaponics is a rapidly emerging agricultural technology that 

comes with various benefits, there is still a lack of information 

about the status of commercial aquaponics farms in Malaysia.  

Malaysia has many different aquaculture systems, in which 

most farmers are still using the pond culture (Department of 

Fisheries, 2023). Implementation on modern agricultural 

technologies and sustainable agricultural practices are 

highlighted in the Malaysia National Agrofood Policy 2.0 

(2021-2030). Employing modern farming technology, such 

as aquaponics, would be one of the substantial methods to 

improve the productivity in aquaculture production (Othman 

2010; Lennard & Goddek, 2019).  

With the improvement on tilapia growth performance in 

aquaponics (Effendi et al., 2017; Setiadi et al., 2018), 

implementation of aquaponics by farmers in Malaysia could 

enhance the aquaculture production as tilapia is the most 

cultured freshwater fish species in the country. In 2021, the 

production and retail sale of tilapia was 37,609.45 tonnes and 

RM 574,788.64 (Department of Fisheries, 2022). Moreover, 

consumers in Malaysia are also reported with high intention 

on purchasing aquaponics’ products, giving an indicator of a 

great potential local market for the aquaponics industry 

(Tamin et al., 2015). 

As more studies are focusing on the biology and technology 

of aquaponics, aquaponics’ aspect in the agricultural industry 

and market should also be investigated to further develop 

aquaponics as a sustainable farming technology in the future 

(Junge et al., 2017). Hence, the authors have sought to 

document the descriptive information about the development 

stage of aquaponics farms in Malaysia. This study aims to 

provide an insight into the commercial aquaponics farms in 

Malaysia through a survey, including the variety and 

production value of aquaponics products (crop and fish), 

potential selling market and aquaponics farm challenges. It is 

also to evaluate the commercial status of aquaponics and to 

promote its development in Malaysia as a key towards 

aquaculture sustainability. Additionally, there is no data or 

information recorded by any Malaysian agencies which is 

related to aquaponics on fish and crop farming. Providing 

information about commercial aquaponics operations may 

encourage more farmers to explore aquaponics, thereby 

fostering sustainable food production in the country.  

 

II. MATERIALS AND METHOD 

 
The authors obtained ethical approval for this research 

project from the institute, Universiti Tunku Abdul Rahman 

(UTAR) (Re: U/SERC/18/2022). 

 

A. Questionnaire 

 
Questions reflected in the survey were divided into four main 

sections with subsections (modified from Bosma et al., 2017; 

Tůmová et al., 2020; Pattillo et al., 2022), which included (A) 

General information of the aquaponics farm: ownership and 

operation duration (year), location, size (ft2), farm type, and 

organic certification, (B) Crop, fish and aquaponics system: 

crop species including type of hydroponic, application on 

pesticide and fertiliser, fish species and stocking density (fish 

L-1), fish and plant ratio, application on IoT and production 

cycle of crop and fish, (C) Financial input and output of the 

aquaponics farm: initial capital (RM/ft2), annual expenses 

(included electricity and water, storage and packaging, 

transportation, labour cost, fish fingerlings, fish feeds, plant 

seeds, fertilisers and pesticides) (RM), annual crop 

production value (RM/ft2), annual fish production value 

(RM/ft2), market place and farm main income and (D) Farm 

challenges. All questions were prepared in trilingual setting: 

English, Bahasa Melayu and Mandarin using an online 

Google Form. The questionnaire was proofread by the 

authors before data collection to ensure its legibility (Tůmová 

et al., 2020).  

 

B. Data Collection and Analysis 

 
This survey aimed to collect descriptive information from the 

commercial aquaponics operations in Malaysia in which fish 

and crops grown using in the aquaponics system are sold. A 

purposive sampling method was used to collect the survey 

data. Social media platforms, such as Facebook, Instagram, 

and WhatsApp were used to search for potential respondents. 

Browsing Google search engine was also used to search for 
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qualified candidates (Mchunu et al., 2018; Tůmová et al., 

2020; Pattillo et al., 2022). Only 13 aquaponic farms 

participated in this survey. The farmers were interviewed and 

responded to the provided questionnaires through phone 

calls, WhatsApp, Google Meet, Microsoft Teams, and 

Facebook Messenger by the authors. Collected information 

was summarised and presented in graphs and pie charts 

using Microsoft Excel. 

 

III. RESULTS 

 

A. General Information of Aquaponics Farms 

 
A total of 13 aquaponics farms participated in this survey 

study.  

 
1. Ownership and Operation Duration 

 

Figure 1 shows the general information collected from 

aquaponics farms participating in this survey. Among the 

respondents, two aquaponics farms were no longer operating. 

Both farms had operated for 2 years (Year 2020 to 2022). In 

terms of farm ownership, 54% of the aquaponics farms 

operated as a company, 38% of the farms were sole ownership 

and 8% operated in partnership. Twenty-three percent of the 

surveyed farms operated for 6 years, 8% operated for 4 years 

while 69% operated for 3 years or less.  

 

2. Location, size (ft2), farm type and organic certification 
 

Among the 13 aquaponics farms, nine farms were in Selangor 

while two farms were in Pulau Pinang and Sarawak (Figure 1). 

Most of the farms (85%) were in urban areas while the rest 

were in rural areas. Farm size was categorised according to 

Tůmová et al. (2020), including domestic (≤ 538 ft2), small 

scale (>538 ft2 – ≤1076 ft2), intermediate scale (>1076 ft2 – 

≤5382 ft2), and large scale (>5382 ft2). The surveyed 

aquaponics farms consist of intermediate size (53.8%), 

followed by large scale (31.8%), small scale (7.7%), and 

domestic (7.7%). The largest aquaponics farm size was 

113,256 ft2 while the smallest aquaponics farm was 330 ft2. 

Most of the aquaponics farms (92%) had a greenhouse to 

operate their aquaponics systems while only one farm had 

both indoor and outdoor aquaponics setup with an open-air 

cover. To date, none of the surveyed farms have obtained 

organic certification. 

B. Crop, Fish and Aquaponics System 
 

1. Crop in Aquaponics  
 

Leafy vegetables were the most grown crop in the aquaponics 

system (100%) (Figure 2A). Various types of leafy vegetables 

were cultivated in aquaponics farms surveyed which included 

bak choy, lettuce, spinach, salad greens, choy sum and kale. 

Herbs, particularly mint and basil were the second most 

cultivated crop in the farms surveyed (31%). Other vegetables 

planted in the aquaponics system were melon (Cucurbitaceae 

family) (24%), chili (15%), cucumber (15%), cherry tomato 

(15%), azolla (8%), eggplant 8%), snake gourd (8%) and okra 

(8%). Sixty-two percent of the aquaponics farms utilised deep 

water culture (DWC) and vertical towers in their hydroponic 

systems (Figure 2B).  

All aquaponics farms surveyed used different types of 

fertilisers in their aquaponics systems. Sixty-nine percent of 

the farms used commercial liquid fertiliser in their 

aquaponics systems (Figure 2C). Epsom salt and chelated 

iron such as ethylenediaminetetraacetic acid (EDTA), 

diethylenetriaminepentaacetic acid (DTPA) and organic 

certified ethylenediamine-N,N'-bis(2-hydroxyphenylacetic 

acid) (EDDHA) were also used as fertilisers by the aquaponics 

farmers. Based on the survey, 77% of the farms applied 

pesticides on their plant crops to prevent plant pests and 

diseases. Some farmers (50%) used commercial organic 

pesticides while some aquaponics farmers (40%) used self-

formulated organic pesticides (neem oil, wood vinegar and a 

mixture of chili and garlic water) (Figure 2D).  

 

2. Fish in Aquaponics 
 

Figure 2E shows that all aquaponics farms cultured red 

hybrid tilapia (Oreochromis sp.), followed by patin 

(Pangasius spp.) (23%), jade perch (Scortum barcoo) (23%), 

bighead carp (Hypophthalmichthys nobilis) (8%) and lemon  
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Figure 1. General information of aquaponics farms: (A) Farm ownership, (B) Farm operation duration (year), (C) Farm 

location (state), (D) Farm area, (E) Farm size (ft2), (F) Farm type, and (G) Farm organic certification.
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bard (golden belly barb, krai or kerai) (Hypsibarbus sp.) 

(8%). The fish stocking density used by 31% of the farms was  

0.04 fish/L and the fish: crop ratio varied from 1 fish: 12 crops 

to 5 fish: 3 crops (Figure 2G). Five farms did not provide this 

information. 

 
3. Production Cycle and IoT Application 

 

As shown in Figure 2.I, 46% of the surveyed aquaponics farms 

would harvest their aquaponics fish in 6 months, while 23% 

of farms would harvest in 8 months. Leafy vegetables grown 

using aquaponics would reach marketable size in the range of 

28 days to 40 days (Figure 2J). One farm did not sell the plant 

crops grown from the aquaponics system. Only 38% of the 

farms were equipped with IoT applications, such as using 

sensors on water level, water quality, air temperature and air 

humidity (Figure 2H).  

 

C. Financial Input and Output of Aquaponics 
Farms 

 
1. Initial Capital, Annual Expenses, Annual Crop and Fish 

Production Value 
 

As shown in Figure 3A, the initial capital used to set up the 

aquaponics farms varied among the 13 surveyed farms, but 

the results do not indicate that the larger the farm size, the 

higher the initial capital would be required for the 

establishment of an aquaponics farm in Malaysia. A large-

scale farm (>5382 ft2) was reported to use a low initial capital 

(RM 2.17/ft2) while an intermediate farm (>1076 ft2 – ≤5382 

ft2) would need a high initial capital (RM 266.67/ft2) to set up 

the aquaponics farm. For example, results collected from this 

survey show that the largest farm (113,256 ft2) only required 

RM 18.54/ft2 for setup at the initial stage. Large-scale farms 

(≥4,800 ft2) needed a lower initial capital compared to farm 

size which was less than 4,800 ft2. On average, aquaponics 

farm owners in this study spent around RM 75.44/ft2 on the 

initial capital of the farm setup.  

The highest annual expense of the aquaponics farm in this 

study was RM 50.00/ft2 from a small-scale farm (>538 ft2 – 

≤1076 ft2) while the lowest amount (RM 0.33/ft2) was from a 

large-scale farm (>5382 ft2) (Figure 3B). The largest farm 

(113,256 ft2) only required RM 0.38/ft2 for its annual 

expenses. On average the annual expenses of the aquaponics 

farms in this study was RM 16.44/ft2.  

 In this study, the highest annual crop production value was 

RM 125.00/ft2 produced by a small-scale farm (>538 ft2 – 

≤1076 ft2) while the lowest annual crop production value was 

RM 0.60/ft2, produced by a large-scale farm (>5382 ft2). The 

highest annual fish production value was RM 16.00/ft2, 

produced by an intermediate-size farm (>1076 ft2 – ≤5382 ft2) 

while the lowest annual fish production value was RM 

0.21/ft2, produced by a large-scale farm (>5382 ft2). On 

average, the annual crop production value was RM 20.59/ft2 

while the annual fish production value was RM 6.76/ft2 

reported from the aquaponics farms in this study.  

 

2. Market Place and Farm Business Status of Aquaponics 
Farms 

 

In this survey, 69% of the farms sold their aquaponics’ 

products (crop and fish) directly to the consumers (Figure 4). 

Other users were restaurants or café (31%), grocery shops 

(15%), communities or residential areas (15%), fresh markets 

(15%) and hypermarkets (8%).  

Some of the farms (15%) sold their products (fish and crop) 

to other aquaponics farms or marketing agencies which then 

resold the produce to other consumers. The majority of the 

aquaponic farms (69%) were not only selling their cultivated 

products as the main income but were also involved in 

various other aquaponics businesses. These included the sale 

of aquaponics system setup, aquaponics equipment and 

fertilisers, as well as providing consultancy, training, and 

education.  

 

D. Farm Challenges 

 
The biggest challenge faced by the aquaponics farm based on 

this survey (Figure 5) was plant pests and diseases (92%) This 

is followed by financial issues (77%), nutrient imbalance, pH 

instability (62%), marketing (46%), lack of skilful workers 

(46%) and fish pests and diseases (46%). Other challenges 

faced by the aquaponics farms included the lack of labour 

force (38%), unstable electric supply (23%), weather and 

climate change, technical problems of their aquaponics 

systems (23%), postharvest problems (15%), sourcing good 

quality fish fingerlings and crop seeds (8%).  
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Figure 2. Information about the crop, fish and aquaponics system in Malaysia: (A) Type of crop grown in aquaponics, (B) 

Type of hydroponic applied in aquaponics, (C) Fertiliser application in the culture water, (D) Pesticides application on 

crops, (E) Type of fish grown in aquaponics, (F) Fish stocking density (fish/L), (G) Fish: crop ratio, (H) IoT application in 

aquaponics, (I) Fish production cycle  and (J) Leafy vegetables production cycle. 

 

 

(J) (I) 



ASM Science Journal, Volume 20(2), 2025  
 

7 

 

 

 

 

 

Figure 3. Financial input and output of aquaponics farm in Malaysia: (A) Initial capital of aquaponics farms, (B) Annual 

expenses of aquaponics farms, (C) Annual crop production value (RM/ft2) and (D) Annual fish production value (RM/ft2). 
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Figure 4. Marketing of aquaponics products by the surveyed farms: (A) Market place for aquaponics products and (B) 

Aquaponics product sales as the main income. 
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Figure 5. Farm challenges faced by aquaponics farmers in Malaysia.
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Operation duration of both farms started from 2020 to 2022 

within the period of COVID-19 pandemic and Movement 

Control Order (MCO) in Malaysia. The pandemic and MCO 

had brought a lot of challenges to the farmers such as the 

reduction in domestic demand, problems in logistic and 

supply chain management during the pandemic (Waiho et al., 

2020; Azra et al., 2021).  

Most aquaponics farms are located in Selangor (69%) 

which might be due to its economic advantage derived from a 

larger population. Urban area (85%) with great market 

demand for aquaponics products and lower transportation 

distance are also some of the criteria for farmers in selecting 

their aquaponics farm location (Bosma et al., 2017). It also 

shows that farmers prefer to establish their aquaponics 

system in the greenhouse which might be more suitable for a 

tropical climate in Malaysia. Indoor aquaponics was not a 

choice for the farmers due to the high cost of lighting 

instalment, although indoor aquaponics could provide a more 

controlled culturing environment (Niu & Masabni, 2018).  

In the survey conducted, the involvement of marketing 

agencies (15%) and farms deriving their main income from 

direct product sales (31%) suggests an awareness of consumer 

demand. Understanding market trends and consumer 

preferences becomes crucial for farms seeking to optimise 

their sales strategies. The diversification of income sources 

among aquaponics farms (69%) indicates a proactive strategy 

for economic resilience and risk mitigation. These 

implications collectively highlight the dynamic nature of the 

aquaponics industry, emphasising the importance of 

adaptability, innovation, and strategic planning for sustained 

success and growth.  

All aquaponics farms in this study do not have organic 

certification from any agencies (see Figure 1G). However, all 

farmers in this study declare that their aquaponics products 

are pesticide-free and provide more health benefits compared 

to other fish and crop produced from conventional farms. 

Aquaponics products are often labelled as organic produce for 

better pricing in the market which makes the production 

more economically viable (Quagrainie et al., 2017). However, 

aquaponics farms in this study are not organic certified and 

most of them use pesticides (77%) and fertilisers (100%) in 

their aquaponics system. This raises concern of mislabelling 

aquaponics products as organic produce.  

In fact, aquaponics farms in Malaysia may face difficulties 

to qualify for organic certification (myORGANIC) because the 

organic certification recognised by the government is only 

applicable for soil farming, at the moment (Ibrahim et al., 

2016; DOA, 2023). This requirement is similar to the 

international standards for organic certification. As more 

modern agricultural technologies are invented nowadays, 

including hydroponics and aquaponics, agricultural policy on 

organic farming should be improvised to compete with the 

current development trend in agriculture.  This situation has 

also occurred in the United States and European Union as 

neither aquaponics nor hydroponics is eligible for organic 

certification due to using non-soil farming methods (Kledal, 

König & Matulić, 2019). Much remains to be done to obtain 

recognition by the government and international agencies 

(Rahmat et al., 2021), especially on these modern farming 

technologies. On the other hand, aquaponics farmers should 

investigate the pesticides and fertilisers application in their 

systems to achieve the standard of producing organic 

products.  

 

B. Crop, Fish and System in Malaysian Aquaponics 
 

1. Crop in Aquaponics 
 

In this study, the most grown crop in the aquaponics system 

was leafy vegetables. The results were similar to the previous 

studies in global surveys (Love et al., 2015; Pattillo et al., 

2022), Europe (Villarroel et al., 2016) and South Africa 

(Mchunu et al., 2018). Although leafy vegetables are not the 

most-value crop among the crop species grown in the 

aquaponics system in Malaysia, most of the aquaponics farms 

raise leafy vegetables (bak choy, lettuce, and spinach) 

because of their lower nutrient requirements and short 

cultivation duration compared to fruity vegetables (Mchunu 

et al., 2018). Additionally, the size of leafy vegetables allows 

them to be grown in high density in an aquaponics system 

(Mchunu et al., 2018).   

In this study, herbs were the second most grown crop due 

to its high market value and demand. In Europe, herbs were 

the most grown crop in the aquaponics system in 58% of the 

farms, followed by lettuce grown in 47% of the farms 

(Villarroel et al., 2016). Herbs such as mint and basil might 

have similar agronomic requirements as leafy vegetables 
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making both crop species the main choices grown in the 

aquaponics system in Malaysia. Other recommendations on 

aquaponics crop species would be the microgreens and 

ornamental plants (Villarroel et al., 2016; Mchunu et al., 

2018; Pattillo et al., 2022), which were not grown by any 

aquaponics farms in Malaysia.  

DWC and vertical towers were the most applied hydroponic 

methods in the aquaponics systems of the surveyed farms, 

constituting 62% (see Figure 2B). Compared to other 

methods, DWC is more space-saving and less construction 

work when it comes to a large-scale commercial aquaponics 

farm (Gosh & Chowdhury, 2019). Moreover, DWC is easy to 

clean and more flexible in transporting the crop from farm to 

market during the cultivation and harvesting period (Pickens 

et al., 2016). Besides, most aquaponics farms use vertical 

towers which are built by the same aquaponics company 

selling their aquaponics system. Hence, the design and setup 

for the vertical towers were well-modified to suit the 

aquaponics system in the farm. Like DWC, the vertical tower 

is space efficient, but it may have clogging problems and rely 

on the water pump (Pattillo, 2017).  

All aquaponics farms in this study apply   fertiliser to their 

crops as aquaponics could lead to nutrient deficiency for 

plant crops (Yep & Zheng, 2019). Addition of synthetic and 

organic fertilisers such as foliar spray and organic liquid 

fertiliser in the aquaponics system would meet the nutrient 

requirements of plant crop for growth (Rakocy et al., 2004; 

Roosta, 2014; Atique et al., 2022). The addition of Epsom salt 

and chelated iron such as EDTA, DTPA and organic certified 

EDDHA were also applied to the aquaponics systems to 

supply available iron for plant nutrients.  The water in the 

aquaponics system is insufficient to support the crop growth, 

for example leafy vegetables and herbs. Plant nutrients that 

are insufficient in aquaponics include phosphorus, potassium, 

calcium, magnesium and iron (Yep & Zheng, 2019). Hence, 

fertilizer application fulfils the growth requirement of plant 

crops which is an important routine in aquaponics farms.   

It is not surprising that aquaponics farms would apply 

pesticides on their planted crop as plant pests and disease 

problems are encountered in aquaponics farms. No specific 

plant pests and diseases were identified by the farmers as they 

may be lack of knowledge to identify them. However, plant 

pests and disease problems have rarely been reported in any 

aquaponics survey studies previously. This topic should 

receive greater attention since aquaponics is deemed to grow 

organic produce. Although there was one aquaponics farm 

using synthetic pesticides in this study, it was only applied at 

the earlier stage of plant growth to prevent pest outbreaks.  

Nevertheless, pesticide application in aquaponics goes 

against the organic regulation and this action may cause 

aquaponics products unable to be labelled as organic 

products (Kledal et al., 2019; Yep & Zheng, 2019). 

 
2. Fish in Aquaponics 

 
The most grown fish in the aquaponics system was the red 

hybrid tilapia (Oreochromis sp.), and it was grown in all the 

aquaponics farms in this study. Similar results were also 

found in previous studies (Love et al., 2015; Villarroel et al., 

2016; Mchunu et al., 2018; Pattillo et al., 2022). Tilapia fish 

was also the most cultured fish species in the whole 

aquaculture sector in Malaysia with the production of 

37,609.45 tonnes and RM 574,788.64 in 2021 (Department 

of Fisheries, 2022). Tilapia is selected as the main fish choice 

to be grown in aquaponics is attributed to its high growth rate, 

high tolerance to a wide range of water quality and able to 

adapt in high stocking density (Pinho et al., 2021). 

Nonetheless, high frequency of culturing the same fish 

species would decrease the fish productivity and limit the fish 

choice produced by aquaponics (Pinho et al., 2021).  

Aquaponics farmers also cultured other fish species such as 

patin and jade perch that have greater market value than 

tilapia. However, among the cultured fish species, non-native 

fish species (tilapia, jade perch and bighead carp) might cause 

the spread of invasive species and threaten the native species 

population and wild ecosystem. Tilapia nilotica was reported 

to colonise the streams in Selangor state and became a 

potential threat to the native fish species in food hunting and 

survival ability (Ahmad et al., 2020). Thus, more alternative 

native fish species should be explored with the aim of 

promoting the cultivation of native freshwater fish species in 

Malaysia. Fish stocking density is important in operating 

aquaponics as understocking might provide insufficient 

nutrients for crop growth while overstocking might waste the 

excess nutrients in the aquaponics system to maximise crop 

production. In this study, the stocking density most 

frequently used by farmers was 0.04 fish/L (31%). This 
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stocking density of 0.04 fish/L is within the range of 0.04 

fish/L to 0.06 fish/L, which was used in previous studies with 

different fish sizes ranged from 2.67 g to 125.00 g (Setiadi et 

al., 2018; Saufie et al., 2020; Tawaha et al., 2021; Atique et 

al., 2022).  

In the present study, aquaponics farms have different fish: 

crop ratios (see Figure 2G). Some aquaponics farmers 

determine the fish: crop ratio by referring to the growth 

condition of the fish and crop which was also reported in a 

study in Czechia (Tůmová et al., 2020). According to Shete et 

al. (2015), the optimum ratio for aquaponics is 1 fish to 2 

crops which optimises the production of both fish and crops 

to achieve their optimal growth performance in the system. 

Besides fish: crop ratio, fish feed to crop ratio is another 

alternative method to calculate the optimal quantities of fish 

and crop in an aquaponics system (Bailey & Ferrarezi, 2017). 

Calculation on the fish and crop ratio is important in 

countries with limited area and resources to maximise the 

fish and crop production in aquaponics (Somerville et al., 

2014; Shete et al., 2015).  

 
3. Production cycle and IoT application 

 
The marketable fish size was determined individually by each 

surveyed aquaponics farm, and it varied among the farms. 

After six months of the production cycle, the fish grown in 

aquaponics had reached a weight of 300 g and were 

predominantly sold to grocery shops, fresh markets, and 

consumers. Furthermore, in this study, aquaponics farmers 

extended the growth duration of their fish to one year. 

Consequently, the fish, when reaching a weight of 0.8 kg to 1 

kg, were sold to local restaurants. On the other hand, leafy 

vegetable production was within the range of 28 days to 40 

days to reach marketable size, depending on the variety of 

crops. Regarding IoT applications, only some farmers use 

sensors, cloud storage, and user interfaces for data collection. 

The results showed that IoT application was not commonly 

implemented by most of the aquaponics farms which might 

be ascribed to the high capital and maintenance costs of the 

IoT application. Implementation of IoT in aquaponics could 

aid the farmers in plant pests and diseases monitoring (Lin et 

al., 2022), the health of the crop and fish monitoring (Alselek 

et al., 2022) and water parameters monitoring and regulating 

(Narvios et al., 2022; Dawa et al., 2022).  

C. Financial Input and Output of Aquaponics 
Farms 

 
1. Initial Capital, Annual Expenses, Annual Crop and Fish 

Production Value 

 
According to the study conducted by Quagrainie et al. (2017), 

the total initial capital for a small farm was $65,000, a 

medium farm was $125,000 and a large-scale farm was 

$250,000 in the United States. Compared to the present 

survey (Figure 3A), the average initial capital to establish an 

aquaponics farm in Malaysia (RM 75.44/ft2) was cheaper 

whereas the initial capital for a small-scale aquaponics farm 

only ranged from RM 100 to RM 181.82 per ft2. Large-scale 

farms (ranging from RM 2.17 to RM 29.78 per ft2) in Malaysia 

were also cheaper than the investment required to build a 

commercial aquaponics farm in Hawaii (Tokunaga et al., 

2015) and Czechia (Tůmová et al., 2020). Lower capital 

required in the country is mainly due to the relatively 

affordable construction and material costs in Malaysia than 

those developed countries. Moreover, 85% of the aquaponics 

farms in this study were in an intermediate and large-scale 

farm size (Figure 1E), hence, the construction cost might be 

lower when the building materials are purchased in bulk at 

their wholesale price.  

Annual expenses recorded in the present survey included 

the production and labour costs. Annual expenses for small-

scale aquaponics farms were higher than those for bigger 

farm sizes. This could be due to larger farms having the 

benefit of placing bulk orders for fish fingerlings, fish feed, 

plant seeds, fertilisers, and pesticides, securing wholesale 

prices that are lower than the smaller quantities purchased by 

small-scale farms. While costs for electricity, water, and 

labour may rise in proportion to the size of the farm, a 

significant factor leading to higher annual expenses for 

smaller aquaponics farms could be the elevated purchase 

prices associated with smaller quantities. Economic analysis 

can be conducted on aquaponics farms in Malaysia to obtain 

a statistical result in future studies. 

Average crop production (RM 20.59/ft2) was two-fold 

more profitable than average fish production (RM 6.76/ft2) 

that are produced by the aquaponics farms in this study. The 

same situation was reported in other studies as crop 

production is more profitable than fish production in 

aquaponics (Tokunaga et al., 2015; Quagrainie et al., 2017; 
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Bosma et al., 2017; Bailey & Ferrarezi et al., 2017). This might 

be due to the cultivation of low-value fish species such as 

tilapia, which was grown by most of the aquaponics farms. 

Low-value fish species would cause the profit of an 

aquaponics farm to rely on crop production. This will result 

in a non-profit aquaponics commercial farm (Bosma et al., 

2017). Choices could be made by rearing high-value fish 

species such as jade perch (S. barcoo) or other high-value 

native fish species to improve the fish production value 

(Bosma et al., 2017; Pinho et al., 2021). Only one native fish 

species (krai, Hypsibarbus sp.) was cultured in aquaponics 

farms in this study. More high-value Malaysian native fish 

species could be selected such as kelah (Tor spp.) and jelawat 

(Leptobarbus hoevenii) (Department of Fisheries, 2022), 

which might improve the fish production value in aquaponics. 

However, there is a need to explore the cultivation of these 

indigenous fishes, considering the uncertainties associated 

with adoption and the unforeseen factors that might arise 

during their cultivation in aquaponics. This includes 

understanding the potential impact on their growth 

performance and the water quality parameters of the 

aquaponics system.  

Another recommendation would be using ornamental 

fishes in the aquaponic systems which are not used by any 

farmers in this study. Ornamental fish were also grown in 

aquaponics in other regions (Love et al., 2015; Villarroel et al., 

2016; Mchunu et al., 2018; Tůmová et al., 2020; Pattillo et al., 

2022). Malaysian aquaponics farms could breed and culture 

ornamental fish such as koi or goldfish (Cyprinidae) which 

can fetch a higher value than the consumable fish species to 

improve the fish production value (Pattillo et al., 2022). 

Undoubtedly, the growth of the aquarium industry in 

Malaysia can be a potential market for aquaponics farmers to 

sell their ornamental fish for more profits (Mohamand et al., 

2022), not to mention that ornamental fish is one of the main 

contributors to aquaculture exports (Department of Fisheries, 

2022).  

 
3. Market place and farm business status 

 
Direct selling aquaponics products to the consumers is more 

profitable for the aquaponics farms as the profit margin is 

greater compared to selling them to other marketing 

platforms. A study conducted by Tamin et al. (2015) stated 

that Malaysians have a high intention of purchasing 

aquaponics products. Direct selling to consumers provides 

farmers a better chance to promote their aquaponics products 

personally. Besides, selling fish and crops grown through 

aquaponics to restaurants or cafes could command higher 

prices, as the products are used in dishes or delicacies. 

Farmers who could not directly sell their aquaponics products 

would be involved in other businesses that are related to 

aquaponics to support their operation. Similar to the study 

conducted by Pattilo et al. (2022), commercial aquaponics 

producers would not only sell their fish and crops, but 

incorporate aquaponics with agritourism, educational 

opportunities, and non-food products to generate income for 

aquaponics farms. Villarroel et al. (2016) found that only 12% 

of the aquaponics farms in Europe sold only crops that grew 

from their system while 24% of aquaponics farms sold 

materials and supplies, and 65% of them provided 

aquaponics training and education for profit. An aquaponics 

farm that sells only crops and fish would face difficulty in 

maintaining the farm operations. Therefore, farmers are 

suggested to diversify their products and services to support 

the economic viability of aquaponics in their farms.  

 

D. Farm Challenges 

 
Major challenges faced by the surveyed aquaponics farms in 

this study were plant pests and diseases, farm financial issues, 

nutrient imbalance, and pH instability. In Czechia, large-

scale commercial aquaponics farms face plant pest problems 

and nutrient deficiencies which cause great losses in the 

production of crops (Tůmová et al., 2020). To prevent the 

problem of plant pests and diseases, farmers should adopt 

standard biosecurity measures at their greenhouses and use 

the correct methods to monitor the insect pests, plant 

bacteria, and viruses in their aquaponics system by using IoT 

applications with disease monitoring sensors (Lin et al., 2022) 

and bio-pesticides or biological control agents that suitable to 

be applied on aquaponics (Suárez-Cáceres et al., 2021; 

Folorunso et al., 2022).  

Furthermore, Yep and Zheng (2019) reported that 

problems like nutrient imbalance and instability of pH in the 

culture water had also caused concern to the aquaponics 

farmers in Malaysia. Insufficient nutrient supply in 

aquaponics is caused by nutrient sources from fish faeces and 
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feed which do not provide adequate amounts of phosphorus, 

potassium, and other micronutrients for plant growth. 

Maintaining the water pH within the optimal range for 

various components is a significant consideration in 

aquaponics. This is particularly important because the use of 

fertilisers and the action of water changes in the aquaponics 

system can influence the water pH. The optimal pH ranges 

for different components must have distinct requirements: 

fish growth (6.5-7.0), nitrifying bacteria like Nitrobacter, 

Nitrosomonas, and Nitrospira (7.0-8.3), and nutrient 

absorption by plants (5.8-6.2) (Yep & Zheng, 2019). 

Moreover, challenges faced by aquaponics farms extend 

beyond pH concerns, encompassing financial issues 

stemming from factors like crop and fish production value, 

the cultivation of low-value fish species, and limited market 

sources for selling aquaponics products at favourable prices. 

 

V. CONCLUSION 

 
The present study reflects the development status of 

aquaponics in Malaysia. Aquaponics is not the main choice 

for Malaysian farmers to practice crop and fish cultivation 

due to various farm challenges. Most crop and fish species 

grown in aquaponics in Malaysia were similar to the findings 

reported in other regions. Differences were recorded 

regarding the aquaponics system setup, farm location and 

size, financial input, and output of the farms. On average, 

aquaponics farmers spent RM 75.44/ft2 on the initial capital 

of the farm setup while RM 16.44/ft2 on the farm annual 

expenses.  Besides, the value of average crop production (RM 

20.59/ ft2) was higher than the fish production (RM 6.76/ ft2) 

produced by aquaponics farms in Malaysia. Aquaponics 

farms in Malaysia should pay a great deal of attention to their 

farm’s economic viability in order to support the operation of 

the commercial business.  

Future research should investigate each aspect in this 

study further which include economic feasibility and 

solutions to each challenge faced by the aquaponics farms in 

Malaysia. Besides, a survey on the consumer perspective 

towards aquaponics products in different perspectives such 

as consumer knowledge towards aquaponics, financial 

consideration, and food safety could be conducted. A related 

study can also be conducted to understand the consumer’s 

attitude toward aquaponics products and promote 

aquaponics as a sustainable farming method to the consumer 

knowledge.  Aquaponics is a sustainable farming method that 

should be widely developed for sustainable agricultural 

production. 
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