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Abstract 

The challenges and potential of aquaponics production is still an unexplored area of study in Kerala, India. The present 

study is an effort to fill this gap, with a systematic approach. Aquaponics is a combined method of farming by bringing 

aquaculture and hydroponics together in a single system. There has been a positive change in Aquaponics farming as the 

popularity of the system increased in last few years in the state of Kerala. This study aims to assess the fish and crop yield, 

marketing strategy, production methods, and profitability of commercial-scale aquaponics in Kerala. A personal 

interview-based survey was conducted for collecting data that included 220 respondents. The profitability analysis based 

on income from crops and fish as well as cost incurred on various inputs suggested that about 60 percent of the sample 

units have realized positive net operating income. Several factors such as excessive labor charges, costs associated with 

fish feed and seed and marketing constraints were found to be responsible for the losses. The findings of the study show 

that though aquaponics as a commercial venture is still evolving in Kerala, a majority of the respondents find it as a 

worthwhile avenue to rely upon as a dependable source of livelihood. 
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I. INTRODUCTION 

By 2050, world’s population is estimated to increase to 9 billion. The expansive numbers of people are 

expecting to rely on agricultural sector including farming, fisheries, woodcrafts, and livestock. Natural calamities 

and crisis affect millions of people who depend on primary sector. For reducing poverty and attaining food security, 

expansion of agriculture sector is the most efficacious means [15]. As per the report of the State of World Fisheries 

and Aquaculture [14], experts suggest that an increase in the consumption of fish will override the safety issues that 

have affected it negatively. Small farmers are the major contributors to the World’s food, but they are the poorest 

people in the developing countries[8]. Though 70 percent of the people living in the rural area depends on the 

primary sector in India, one-fourth of the population find it difficult to meets their daily nutritional requirement [15]. 

India is one among the low income-food deficit countries [7]. Indian farmers are exposed to many challenges 

resulting from low agricultural growth, sustainability concerns, and land degradation, as a large area of farmland has 

become infertile due to the overuse of fertilizers and pesticides [6]. In the traditional method, large usage of 

fertilizers for growing crops degrades the quality of the soil that increases the nitrogen level in the local water. The 

increase of nitrogen level water is harmful to the ecosystem and lack of rainfall decreases the groundwater level that 

affects the traditional farming system [1]. It is high time to overcome these challenges through innovative farming 

methods.The technological and scientific advancement in the field of agriculture has opened a new era for design 

and development of modern devices for plant health monitoring[16]. Aquaponics farming is a solution to overcome 

some of these challenges to an extent if the farmers are able to maintain the system with proper care and technical 

support. Although aquaponics has received considerable attention in foreign countries, Indian farmers are relatively 

new to this system. However, there has been a gradual increase in awareness of this system over the past few years 

in the country. 

Aquaponics is an integrated method of growing fishes and crops in a re-circulating system. In other words, 

it is an integrated system of re-circulating aquaculture and hydroponics in one production system. Water from the 

fish tank that contains fish excretes cycles through grow beds where plants are grown, which is nutritious for the 

plant's growth and plants' filter the water flowing into the fish tank to keep the fish healthy. The main elements for 

aquaponics are the fish tank and grow beds with a small pump that filters water between the two [2]. The success of 

aquaponics system requires proper maintaining of the plants, fish, and nutrients that gives a well-balanced and 

interdependent relationship. [1]Aquaponics farming is suitable for the farmers in areas where water is scarce and 

who has fewer land holdings. Crops grown in aquaponics have less damage and are able to grow in denser climate.  

In Kerala, the land holdings used for agriculture are limited to less than 0.2 hectares. As a result, the small-

scale agriculturists aim to maximize production within the minimum resources. Kerala is a state, which is a net 

importer of essential food items such as cereals, pulses, vegetables, milk and meat products, with high dependence 

on other states for day-to-day food requirements [13]. Growing awareness of consumers on the excessive use of 

fertilizers and pesticides are leading to a trend that favors organic farming. The interest of the young generation to 

produce vegetables and other regional cultivations in a small scale within the available land area has further boosted 

the scope of organic farming. Organic farming is a concept with considerable thrust on integrated systems wherein a 
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major part of inputs required for farming is raised within the system. Integrated farming uses wastages and sub-

products of a particular cultivation for the use of other. It usually includes growing and breeding of cattle, duck, fish 

etc. This is a globally accepted technology and adapted to a greater extent by the Kerala farming community. Within 

the available space that includes terrace and balconies of apartments, Kerala households have started taking up 

aquaculture in small tanks along with vegetables in separate grow beds. The method of recycling wastewater and 

making it available for further use has increased its demand all over this time. Integrating hydroponics (the method 

of growing plants without soil) and aquaculture has been given more importance in the current agricultural scenario. 

As the aquaponics system has many advantages and increases the productivity within a short time period, it has 

gained popularity in several districts of Kerala in recent times. State Fisheries Departments and MPEDA (Marine 

Products Export Development Authority) is promoting aquaponics by providing training programmes and technical 

support to the farmers. It is an effective means of growing food that helps to maintain sustainability, as it requires 

only 10 percent of water and no use of chemical fertilizers as compared to the traditional farming method [5]. 

Against this backdrop, this study aims to assess the production methods, yield status, profitability, and sales strategy 

of commercial aquaponics farms in Kerala, India. 

II. Materials and Methods 

This study uses primary data collected from farmers practicing aquaponics through direct interview 

method. A total of 220 respondents were interviewed and their farms were visited for the first-hand understanding of 

the farming techniques adopted. Data were collected from June to December 2017. Geographical location of the 

respondents covered 10 districts which included districts from South Kerala and Central Kerala i.e. 

Thiruvananthapuram, Kollam, Pathanamthitta, Alappuzha, Kottayam, Idukki, Ernakulam, Thrissur, Palakkad and 

one state from North Kerala was included i.e. Kozhikode. Majority of the respondents were from Ernakulum district 

(29%), which was followed by Thrissur district with 19%, as the state fisheries provide more training programs to 

the farmers in these districts when compared to farmers in other districts. The questionnaire contained specific 

questions on the size of the farms, types, and quantities of crop and fish produced, input requirements, predominant 

farming techniques followed, skill levels of the respondents, general profitability, and various marketing decisions 

taken by them to dispose of the farm products. For the analysis, the commercial units were subdivided on the basis 

on tank capacity as Small: less than 100 thousand liters; Medium: 100-200 thousand litres; and Large units with 

more than 200 thousand litre capacity. The descriptive statistics analysis was used and the results are presented in 

tabular and graphical means.  

III. Description of the Study Area 

The average annual rainfall received in Kerala is about 3100 mm and the state receives adequate sunlight 

throughout the year, which is required for plant production. Ninety percent of this precipitation is during the two 

monsoons, June to August (southwest) and October to November (northeast). An average of 60 percent of annual 

rainfall is received during southwest monsoon period and about 30 percent during the northeast monsoon. The 

geographic condition in the state is favorable for growing fish and plants. Based on the altitude, rainfall, soil type 

and topography, Kerala is delineated into 13 agro-climatic zones. The state has abundant water bodies that comprise 
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of 44 rivers and 34 lakes, besides a number of ponds, streams and other types of water bodies. Four major types of 

cropping systems are followed in the state and they are: i) rice based low land cultivation with a single or two crops 

of paddy, summer vegetables, pulses or oil seeds with or without aquaculture component, ii) coconut based mixed 

cropping system with a number of intercrops like areca nut, banana, vegetables, pepper, cocoa, clove, green manures 

and cover crops iii) rubber plantations and iv) homesteads, with multiple components like trees, food and fodder 

crops, livestock, fishery and poultry. Other cropping systems prevalent in the state include pepper, tea, and coffee 

mainly seen in the highlands and other areca nut and banana based systems. 

. 

Figure1. Map depicting districts surveyed 
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IV. Results and Discussion 

A. The demographic profile of respondents 

The demographics of the respondents presented include age ranging from 20 to above 60, gender, educational 

qualification. Majority of the respondents of the survey were male (72%). As the literacy rate of Kerala increased 

drastically from 1951 [10] and the state had attained 93.19 percent primary education, the respondent included 19 

percent of Post-graduates & professionals, 45 percent higher secondary & under-graduates and the rest 36 percent of 

high school education (Table 1). Median year respondents started operating aquaponics was 2015. 47 per cent of the 

respondents started practicing aquaponics farming from 2015 and only 1 per cent of the respondents started their 

farming from 2010. From the pilot study, it was found that major population of the farmers as well as common 

people in Kerala are still unaware of aquaponics, which is very much popular and practiced in foreign countries. The 

question regarding the role of respondents in the operation was avoided as it was understood from the pilot study 

that majority of the farms were maintained by a single farmer, who is the owner as well as the operator. However, 

farm owners had incurred labor cost in the initial construction of the aquaponics system and during the production 

cycle of the commercial units.  

Table1. The demographic profile of the respondents 

Demographics  Number of respondents Share (%) 

Overall  220 100 

Age 

20-30 10 5 

30-40 37 17 

40-50 80 36 

50-60 64 29 

Above 60 29 13 

Gender 

Male 158 72 

Female 62 28 

Education 

High school & below 80 36 

Higher secondary & graduates 98 45 

Post-graduates & Professionals 42 19 

Geographical area (Districts) 

South Kerala districts 76 34 
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Central Kerala districts 127 58 

North Kerala districts 17 8 

 

B. Aquaponics Design 

It is interesting to note that about half of the aquaponics units surveyed were designed and built by the 

owner-operator farmers themselves. The rest were designed with the help of external consultants. As the systems 

become larger, the reliance on consultant will grow in the future. There are mainly three plant production methods in 

an aquaponics system, and are described below:  

Media Bed: Media filled beds are the most common and simplest method of growing plants in aquaponics, and these 

beds are filled with 0.75-inch gravel rock, coconut coir, perlite, and other media [12].Plants are grown in the media 

where water is pumped into the media bed from the fish tank. Plants absorb this nutrient-rich water, which flows 

through the plant roots. Then the water is filtered and flown back to the fish tank. Majority of the aquaponics 

farmers in Kerala use media-based production method as it requires less management practice and components and 

it has the ability to support a greater level of bacteria that is beneficial for the growth of fishes and plants, as the 

formation of beneficial bacteria is the success secret of an aquaponics system. About 86 percent of the sample 

farmers used media bed alone for their aquaponics system, thereby showing the preference of Kerala farmers for this 

method (Table 2). 

Floating Raft:  In Floating, raft or Deep Water Culture system plants are grown on polystyrene board that is 

suspended in water. A small opening is made into the board and net pots are fixed. Crops are planted into the net-

pots. Plants are submerged in water allowing them to absorb nutrients from the water [11]. Only 3 percent of the 

farmers in Kerala use floating raft alone for the plant production. 

Nutrient Film Technique (NFT):NFT is used to generally grow leafy green vegetables like lettuces. In this method, 

plants are grown in long narrow channels or pipes. Like floating raft, small openings are made into pipes for placing 

plastic glass or cups. Plants are grown in these glasses letting them absorb the water and take in the nutrients. About 

3 percent of the respondents used NFT for their plant production.  

Only about 5 percent of respondents used a combination of media based method and NFT. As per [11] there are 

several other crop production methods used by other farmers all over the world. But farmers in Kerala are familiar 

only with few methods as they are new to this system.  

Out of the total, 57 percent of the respondents opted to grow their aquaponics raised fish and plants 

outdoor, 3 percent on the rooftops, 40 percent inside a net house, and none of the farmers did their operation at their 

house or inside a building. Out of the 220 respondents, 208 of the farmers practiced aquaponics in their own 

property, which is almost, 95 percent and rest of them practiced farming in rented property.Kerala is a state with 

abundant natural resources. None of the respondents used supplemental lighting for their crop production and none 

had paid money for water during their operation in the previous 12 months. 76 percentage of the respondents used 

electricity as their source of energy for the working of the system whereas, 12 percent preferred solar energy, due to 

which, a variation has been observed in their operating cost. Rest of the 12 percent respondents preferred other 
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backup sources such as generators and invertors.The studyshows power requirement in commercial scale aquaponics 

is large due to water pumping and aeration prerequisite, which indicated 43 percent of the electricity was required 

for aeration in the fish tank and 51 percent of the electricity contributed to aeration in grow bed[4]. Questions 

regarding on-site cold storage, bathrooms and hand-wash facilities in the farm were not included in the 

questionnaire. 

Table2. General profile of aquaponics enterprises surveyed 

Profile  Number of respondents Share (%) 

Ownership of the property 

Own 208 95 

Rented 12 5 

Location of operation 

Indoor( INSIDE A NET HOUSE) 89 3 

Outdoor  125 57 

Rooftop 6 40 

System design 

Self-designed 111 50 

Consultant 109 50 

Level of dependence for livelihood 

Only source of income 103 47 

One among many 117 53 

Type of installation 

Media bed  196 86 

Floating raft (FR) 8 3 

Nutrient film technique (NFT) 6 3 

Media bed & NFT 8 4 

Media bed & FR 2 1 

Source of energy used   

Electricity 167 76 

Solar 27 12 

Others 26 12 

Overall 220 100 

 

C. Interest and Technical Awareness  
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The results of the study revealed that 93 percent of the sample farmers strongly agreed that, the reason 

behind practicing aquaponics cultivation is to be self-dependent in the cultivation of vegetables, fish, and allied 

products. More than 80 percent of the respondents agreed that they laid more emphasis on natural farming 

techniques and are concerned about improving the health of the community by supplying chemical free farm 

products. Nearly 75 percent of respondents favored in practicing aquaponics cultivation for their financial gain. In 

contrast, about 15 percent of the respondents had a neutral stand on practicing aquaponics for deriving financial 

gains. About 60 percent of sample farmers are focused on environmental sustainability as a primary reason for 

practicing aquaponics. As aquaponics is adaptive to climatic changes, over 50 percent of the respondents replied in 

the affirmative. 

 

Figure2. Level of technical knowledge of aquaponics entrepreneurs as expressed by sample respondents 

 

To further understand the technical know-how of the farmers in operating the aquaponics system, questions were 

asked about their skills and expertise on various technical aspects regarding aquaponics farming. As per figure 2, 78 

percent of the focus group mentioned that they have the expertise to bring about changes in the ph level of water. 

Knowledge regarding the diagnosis of the fish disease was possessed by about 47 percent of the respondents 

whereas expertise on the diagnosis of plant diseases was available with 36 percent of the respondents. Majority of 

the respondents were not having plumbing skills as evident from figure 2 (34 percent). More than 50 percent of the 

respondents were comfortable in analyzing the growth rate of fish.  
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Figure3. Reasons for pursuing aquaponics as expressed by the respondents 

D. Production profile  

As noted in the materials and methods section the respondent farmers were classified into small, medium 

and large based on the tank capacity they possessed as part of their aquaponics farm. On an average, the small 

farmers possessed an average tank capacity of 61.3 thousand liters, whereas medium and large farmers possessed 

126.8 thousand and 505.3 thousand tonnes of tank capacity respectively for growing fish. The average land area of 

small farms amounted to 9 cents of land, whereas that of medium and large farmers was 10 cents and 34 cents 

respectively. The average annual quantity of crop production was 639 tonnes/annum. However, considerable output 

differences were observed across the size categories of farms, with small farmers producing an average of 136 

tonnes of crop output and on the other extreme, large farmers harvesting as high as 4922 tonnes per annum on 

average. The average fish production from the sample units ranged from 1377 tonnes from small farms to 4950 

tonnes of fish from large farms. On comparing fish and plant harvest, it was understood that majority of the 

respondent gave importance in the production of fishes for commercial purpose. Even though there was a wide 

variety of plant production by the respondents in the previous 12 months, a major portion of this production was 

used for personal use and only the rest was sold. If the farmers pay equal importance to both fish and plant sales, 

they will earn more revenue from plant alone. [3] Studies in other countries showed that main return or profit was 

earned from vegetables grown in aquaponics [11]. An international survey of 257 respondents showed that crop, 

such as herbs and green salads have a higher price than fish such as tilapia. However, in this study, it was found that 

revenue earned from fish production was higher than revenue earned from crop production.  
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Table3. Production profile of the aquaponics units surveyed 

Particulars Small Medium Large All 

Average plant area (Cents) 9 10 34 15 

Average tank capacity (Liters) 61315 126865 505364 121214 

Average annual crop production (Tonnes) 146 212 4922 639 

Average annual fish production (Tonnes) 1377 3453 4950 2205 

Hundred percent of the farmers raised tilapia in their aquaponics system as the growth rate of tilapia is 

relatively high when compared to other aquatic animals [9].However, respondent farmers also raised tilapia in 

combination with Rohu (43%), Anabas (11%) or Pearl spot and Redbelly (1%). The main advantage of growing 

tilapia that is they grow in any type of water body, and they are tolerant of variable water quality [9]. Farmers in 

Kerala limited their production to four main species, as they have not tried for a wide variety of production due to 

the lack of experience in their operation and due to the lack of market demand for other fish species. The average 

annual quantity of fish production realized by all the farmers was 2205 tonne/annum.  

A wide variety of vegetable were raised during the previous 12 months by the commercial farmers such as 

Pea, Okra, Brinjal, Turmeric, Pumpkin, Tomato, Carrot, Broccoli, Bitter guard, Cauliflower, Ginger, Snake gourd, 

Arrowroot, Greenchili, Cabbage, Chinese potato, Lichi, levy guard, bottle gourd, curry leaves Cucumber and 

Coriander. Leafy vegetables included Lettuce, Plantain, Yam, Colocasia, Spinach, Celery, Palak, and herbs such as 

Bhingaraj, Tulsi, mint leaves, and fruits like Grapes and Pineapple. 

E. Cost and Earnings 

The cost incurred during the previous 12 months for the operation-included fish feed, fingerlings, seedlings, 

electricity, labor, and other miscellaneous costs. As the size of the farm increased, these items were used in greater 

quantity. The initial cost was segregated as the pond, aerator, rain shelter, motor pump, plumbing and cost of 

establishing grow bed. As mentioned earlier, no farmers paid for water as they had their own sources as rainwater 

harvesting, well, ponds, bore well, etc. Table 4 shows the cost of each component as per 100 thousand liters of tank 

capacity, which is divided into small, medium, and large units. The small units incurred an average amount of Rs. 

664.5 thousand on capital expenditure per 100 thousand liters of tank capacity. The corresponding figures estimated 

for medium and large units were Rs. 633.9 thousand and Rs. 219.6 thousand respectively. Among all the operational 

expenditures, the labor cost was the major component, irrespective of the size class of the farms. Charges on fish 

feed and fingerlings were also considered on relative terms. The average operational expenditure varied from Rs. 

431.5 thousand for small units to Rs. 459.8 thousand for medium and to Rs.150.8 thousand for large units. It is 

worth noting that, the relative costs incurred were the lowest for large units per unit area of tank capacity. This could 

be attributed to high-intensity farming followed by small and medium farms within the available area, whereas large 

units followed low-intensity farming thereby incurring lower expenditures per unit area. With the same logic, it can 

be seen that the gross revenue of small and medium units was on par averaging at Rs. 871.9 thousand and Rs. 841.3 
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thousand per unit area. On the other hand, the gross average income of large units was much lower at Rs. 262.6 

thousand. These differentials also reflected on net operating income (profit) obtained as per the following formula: 

GROSS REVENUE – GROSS OPERATING COST= NET OPERATING INCOME 

The profit varied across size classes from Rs. 440.4 thousand in case of small units to Rs. 381.4 thousand and 

Rs. 111.7 thousand for medium and large units respectively. Thus, the small units were found to be most efficient 

followed by medium and the least being large units. This could be also attributed to the cost reduction due to locally 

available material sourced by small and medium unit farmers for the construction and operation of the farms.  

Table4. Economic analysis on costs and returns of profit-making aquaponics units 

Costs/returns  Value in Rs. Per 1 lakh litre of tank capacity 

Small Medium Large All 

I. Capital expenditure 

Cost of pond construction/renovation 56976.4 43818.4 12818.3 48445.9 

Expenditure on aerator 43631.5 38165.7 17767.7 39265.4 

Establishment of rain shelter  276296.0 303386.6 103534.5 265019.4 

Cost of pump 54997.1 63306.5 15489.4 53012.9 

Plumbing costs 54447.2 40428.5 13719.1 46049.8 

Establishment of grow bed 178603.0 144849.0 56320.1 155735.0 

Gross capital expenditure 664951.0 633954.6 219649.2 607528.4 

II. Operational expenditure 

Cost of fish feed 97245.9 122074.2 33716.9 97280.4 

Cost of fish fingerlings 56618.0 32629.6 22519.8 46141.8 

Cost of plant seeds 1744.4 1021.8 695.2 1426.4 

Electricity charges 27392.7 20533.6 6198.6 23145.5 

Water charges 0.0 0.0 0.0 0.0 

Labor charges 107751.8 147614.1 38062.2 111340.8 

Other expenditure 227.6 925.9 2619.0 685.5 

Interest on fixed capital (12%) 79794.1 76074.6 26357.9 72903.4 
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Annual depreciation (10%) 60797.5 59013.6 20683.1 55908.2 

Gross operating cost 431571.9 459887.3 150852.8 408832.0 

III. Revenue 
    

Revenue from plant 22581.1 10982.0 22105.5 19266.8 

Revenue from fish 830776.7 830047.0 231937.3 765073.4 

Other revenue 18609.0 277.8 8566.6 12355.0 

Gross Revenue 871966.8 841306.8 262609.4 796695.2 

IV. Net operating income 
440394.9 381419.5 111756.6 387863.2 

 

 

Figure4. Relative distribution of aquaponics units based on profitability 

 

From the 220 respondents, 106 farmer respondents said their aquaponics farms was fairly profitable in the previous 

12 months, followed by 31 with highly profitable, 16 with moderately profitable, 28 with low profit and 38 with no 

profit. However, the empirical analysis on profitability based on income from crops and fish as well as cost incurred 

on various inputs suggested that out of 220 units, 128 units (58 percent of the sample units) have realized positive 

net operating income. Relative distribution of profitable units varied from 53 percent in case of small, 69 percent in 

case of medium and 63 percent in case of large aquaponics units.   

F. Marketing Strategy 

The sample respondents sold the fish and crop output obtained from aquaponics through a number of 

alternative direct and indirect marketing channels. Direct channels include households, farmers marketing unit and 

community supported institutions. Indirect channels mainly include grocery stores, restaurants, and wholesalers. A 
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large percentage of the small unit aquaponics farmers sold their produce through direct markets i.e. to households 

(75 percent) (Figure 5). This proportion was about 55 percent in case of medium units and just about 20 percent in 

case of large units. Selling directly to neighborhood households had the advantages like lower in transportation cost 

and better prices realized as the consumers in the neighborhood who had first information about the origin of the 

products were willing to shell out a higher amount for chemical-free or organic products. About 35 percent of the 

small unit farmers preferred indirect selling through wholesalers, restaurants, grocery stores or a combination of the 

three. On the other hand, nearly 70 percent of the large unit commercial farmers resorted to indirect sales (Figure 6). 

From the figure shown below, it is obvious that higher proportion of the large units preferred to sell their products 

through indirect sales, whereas small units preferred to sell their units mostly through direct sales.  

 

Figure 5. Direct sales strategy of sample aquaponics units based on size groups 
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Figure6. Indirect sales strategy of sample aquaponics units based on size groups 

 

V.Conclusions 

Aquaponics as a commercial venture is evolving in Kerala. Majority of the respondents discovers it as a 

promising avenue to rely upon as a dependable source of livelihood. This study specifically dealt with production 

profile, profitability and marketing strategy of aquaponics units operating in Kerala based on a sample of 220 units 

drawn across 10 districts. The results show that out of the 220 commercial units studied, 128 units were profitable 

i.e., (58 percent). Further, small and medium sized units were found to be more efficient in managing costs and 

realizing higher net income per unit area compared to large units. On further investigation, it was understood that a 

variety of factors such as lack of training, inadequate technical guidance, ignorance of market pricing and 

uncertainties about the market demand of the product, were some of the reasons for incurring losses. These 

challenges can be overcome by providing technical sessions about the working of the system and by making 

consumers aware about the benefits of organic products. An analysis of marketing strategies followed by different 

categories of sample units showed that small units resorted mainly on direct selling to neighborhood consumers, 

whereas larger units relied more on indirect selling to wholesalers, restaurants and grocery stores.   

In general, the success of the aquaponics farming relies upon the local markets, climatic and geographical 

conditions. An important feature of aquaponics systems is their ability to reduce the local impacts that arise from the 

nutrient discharges. Due to the dynamic characteristics of the aquaculture industries, it is expanding rapidly in recent 

times. Hence, more emphasis should be given on high productivity, intensive systems with similar low global 

impacts rather than focusing completely on the reduction of local impacts. The insights obtained from this study 

suggest that aquaponics has immense potential to be the forerunner in the next phase of sustainable aquaculture. 

Proactive policies are therefore needed to popularize aquaponics and incentivize the growers so that more people 

can take it up as a source of livelihood.  
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