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1. Intrоduсtiоn 

Plantain belongs to the family of plants called 

“Musaceae”, and the principal species are Musa 

paradisca (French plantain), Musa acuminata (genome 

AA- Gross Michel and Cavendish) and Musa. 

corniculata (Horn plantain)  whose production requires 

an optimum temperature of 300C, mean monthly 

rainfall of 100mm, soil pH of 4.5-7.5 and a partly 

drained sandy-loam soil (Ekunwe and Ajayi 2010; 

Ajiboye and Olaniyan, 2016). Plantain is mainly grown 

in the tropical and subtropical countries and are widely 

used for its nutritional values all over the world (Imam 

and Akter, 2011) and is one of the most important 

horticultural crops contributing to food security and 

alleviating hunger globally and serving as an important 

staple food for both rural and urban populace (USDA, 

2012). It meets their day-to-day food requirement in 

the form of chips, flour, flakes, cakes, fried plantain, 
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roasted plantain, and so many other forms of culinary 

provisions, thereby contributing to the fight against 

food insecurity/poverty (Ojeniran et al., 2018). Nigeria 

is one of the largest producers of plantain globally and 

is ranked 7th in Africa and 15th in the world, 

producing 3,093,372 metric tons (FAOSTAT, 2018). 

Ekunwe and Ajayi 2010; Akinyemi et al. (2017), and 

Elum and Tigiri (2018) listed Edo State as one of the 

States within the Southern Belt of Nigeria that grows 

plantain. 

Whatever the variety of the fruit, all the parts of a 

Plantain plant have some use. However, the edible or 

direct human uses are considered while little or no 

attention is paid to the indirect uses. Imam and Akter, 

2011 and Okoli (2020a; 2020b; 2020c) and Voilette 

(2019) all posited that all the parts of the Plantain 

plant: fruit, peel, leaf, stem, stalk, and inflorescence 

(flower), can be utilized in agriculture and cottage 

industries. They are used in numerous food and non-

food-related applications such as thickeners, colorants 

and flavorings, macro and micro-nutrient sources, 

livestock feed, fibres, bioactive compound sources, and 

organic fertilizers. Additionally, all parts of the 
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Plantain plant have some medical values, for example, 

the flower can be cooked and consumed by diabetic, 

respiratory, dysentery, and ulcer patients. The stem sap 

can be administered orally or applied externally against 

stings and bites. The roots, ashed leaves, peels, and 

seeds are equally used for therapeutic purposes in some 

countries. The Plantain stem can be processed into pulp 

and paper raw material, fiber for textiles, and fillers, or 

structural reinforcement in composites materials.  

Okoli (2020a) asserts that in many Plantain 

producing countries, particularly in Africa, Plantains 

are farmed for the fruits only, while the other parts are 

discarded as waste. Farm wastes are the by-products of 

farm activities and are so referred because they are not 

the primary products and could take the form of crop 

residues (residual stems, stalks, straw, leaves, roots, 

husks, shells) and animal waste (dungs) which are 

usually available, renewable and virtually free. They 

can be converted into a resource and raw materials that 

can be used for animal feed and composting, among 

others (Sabiiti, 2011).  It has been estimated that one 

hectare of the Plantain farm could produce 

approximately 220 tons of biomass wastes made of 

leaves, midrib, dried leaf sheath, pseudostem, and 

inflorescent flower. In Africa, these wastes are usually 

left on the farm to decay or are disposed of simply by 

burning. In large plantations, the disposal of large 

quantities of Plantain wastes can be costly, and 

constitute a major operation in order to avoid 

environmental damage and litigations (Okoli, 2020b). 

Similarly, Obi, Ugwuishiwu & Nwakaire (2016) define 

farm wastes as the residues from the growing and 

processing raw farm products such as fruits, 

vegetables, meat, poultry, dairy products, and crops. 

They are the non-product outputs of the production and 

processing of agricultural products that may contain 

material that can benefit man but whose economic 

values are less than collection costs, transportation, and 

processing for beneficial use. This spells the necessity 

of utilizing farm waste as a resource to further 

production instead of discarding or leaving them to rot 

or even outright burning them in the field as obtained 

in developing countries. This is achievable through the 

process of innovation that Toborn, (2011) defined as an 

idea, practice or object perceived as new by an 

individual or other unit of adoption. 

On the attempts to use plantain waste, Belewu and 

Belewu (2005) explored the potential of Plantain leaves 

as a good substrate for the cultivation of V. volvacea 

and the spent substrate as a viable ingredient in 

ruminant feed, Phirke et al., (2001) stated that the 

Pseudo stem of plantain can be used for bio-fertilizer 

production and was supported by Kamira et. al, (2015) 

as a source of compost manure and Vermicomposting. 

Okoli, (2020b) also asserts that every part of the 

Plantain pseudostem can be converted into useful 

products using some simple techniques and 

technologies in turning such Plantain wastes into value-

added by Plantain producers in Africa to generate extra 

income by creating lots of employment opportunities, 

especially for rural woman and unemployed youths, 

thereby improving their socioeconomic wellbeing.  

While Lekshmi, (2018) asserts that plantain trunk 

waste is used in Indonesia as planting material for 

growing short-root plants such as vegetables, he 

describes the innovation as having a positive effect on 

the country's agricultural scenario reduced tonnes of 

Plantain plant wastage that occurs regularly. The use of 

plantain stems from growing vegetables, as outline by 

Lekshmi, (2018) entails digging appropriate holes 

(according to your crop or garden plant’s features) in 

the stem with a knife, fill these with good loamy soil 

and plant the seeds into the pits at a spacing of 30 – 

40cm between seedlings to avoid clustering, ensure 

proper aeration and balanced growth of plants. He 

further itemized the advantages of this innovation to 

include zero irrigation as the plantain stem has fantastic 

water retention abilities, so the plants absorb water 

from the stem and nutrients from the soil filled in the 

pits. There is a low chance of weed infestation, and the 

innovation encourages the availability of vegetables 

around the year irrespective of the season. Plantain 

stem cultivation can become the next revolutionary 

hack in the field of agriculture with the hope of 

bringing respite and good returns to the farmers. 

Ahmar, (2021) describes the use of plantain stems to 

grow vegetables as an Organic farming innovation 

known for helping in minimizing space and resources 

principally because Plantain stems are easily available 

to farmers and serve as excellent devices for organic 

farming, particularly when their space is scarce. 

Therefore, he called for its drive especially in rural 

agriculture development that can help attain both the 

objectives of organic food and eliminate irrigation 

costs and further stated that rotten Plantain stems after 

use adds manures to the soil.  It is, however, important 

to chop these into small pieces before they are used as 

a fertilizer. This helps to ensure that they do not 

become a hiding place for insects. The wonderful 

concept can go a long way in ensuring rural 

independence and cut away farmers’ overreliance on 

rains or irrigation for moisture. 

Adeoye et al., (2013) reviewed the significant 

contributions of plantain to the economic development 

and food security of both rural and urban households in 

Nigeria and outlined the need to understand the 

network, linkages, flow, volume and value added 

among the Plantain Value Chain actors. Despite several 

studies on the usefulness of plantains such as that 

Mohapatra, Mishra & Sutar, (2010), Ojeniran et al., 

(2018) and Okoli (2020a, 2020b and 2020c), there have 

been the concern of underutilization of some products 

of plantain and an assertion that some other potentials 

of plantain have not been discovered (Lekshmi, 2018). 

In tandem with the study of Imam and Akter, (2011) 

and Lekshmi, (2018) that potentials of plantain based 

on the uses remain unexplored, limited and in-

exhaustive, this study therefore explored the use of 

plantain trunks considered as a farm waste to grow 

vegetables in Nigeria as a source for additional farm 
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income. Specifically, we examine the socioeconomic 

characteristics of farmers who adopted the innovation, 

identified the types of vegetables grown using this 

innovation, return to leafy vegetable production, 

perceived environmental benefits and the challenges to 

adopting the innovation. 

2. Materials and Methods 

Study Area 

The study was conducted in Ozalla Farm Reserve 

area of Owan West Local Government Area (LGA) of 

Edo State, Nigeria. The State is an agrarian State with 

farming as the dominant economic activity of the State 

while the area is located within Longitudes 6°45′ and 

6°45.3′ and Latitudes 5°45′ and 5°47.5′ E. The area has 

a tropical climate characterized by two distinct seasons 

wet and dry seasons. The Wet season occurs between 

April and October with a break in August and average 

rainfall ranging from 1800mm –2500mm while the dry 

season lasts from November to April. The harmattan 

season is experienced between December and January. 

The various periods highlighted may vary slightly from 

recent climate change (Talabi et al., 2016). The target 

population for the study was an adopter of the 

innovation among plantain farmers in the Farm reserve 

area. 

Experimental Design and method of data analysis 

A two-stage purposive sampling procedure was 

employed for the study. The first stage involved the 

purposive sampling of Owan West LGA among the 

plantain producing LGA’s. The second stage involved 

the selection of 120 plantain farmers who adopted the 

innovation. 

Descriptive statistics of Frequencies tables and 

percentages was used to examine socioeconomic 

characteristics, perceived environmental impacts and 

the challenges to adopting the innovation while Net 

farm Income model was used to estimate the return to 

leafy vegetable production,  

Model specification 

Net Farm Income is the difference between gross 

income and total costs of production. Algebraically as 

adapted from Obalola, Agboola and Odum (2017), it is 

specified as: 

GM = TR – TVC ----------------------------(1) 

And 

NFI = TR – TC -------------------------------(2) 

Since, 

TC = TVC + TFC ----------------------------(3) 

Then  

RTN = TR/TC --------------------------------(4)  

Where, 

GM = Gross Margin (NGN) 

TR = Total Revenue (NGN) 

TC = Total Cost (NGN) 

TVC = Total Variable Costs of production (NGN); 

TFC = Total Fixed Costs of production (NGN); 

TC = Total Cost; 

NFI = Net Farm Income (NGN) 

RTN = Return to Naira invested 

3. Results and Discussion 

3.1.Socioeconomic report of respondents  

The socioeconomic respondents who participated in 

using spent plantain pseudostems to grow vegetables 

for additional farm income is presented in Table 1.  

Table 1 

Socioeconomic report of respondents 

Variable 
Frequency 

(N=120) 
Percentage (%) 

Gender   

Male 46 38 

Female 74 62 

Age (years)   

≤ 20 16 13.3 

21 – 30 30 25 

31 – 40 30 25 

41 – 50 24 20 

≥ 50 20 16.7 

Mean age 30.5years  

Marital Status   

Single 20 16.7 

Married 50 50.0 

Divorced 10 8.3 

Widowed 30 25.0 

Household Size (No. of 

persons) 
  

≤5 20 16.7 

6 – 10 75 62.5 

≥10 25 20.8 

Mean Household Size 8 persons  

Level of Education   

No formal Education 25 20.8 

Primary/Basic 35 29.2 

Secondary 40 33.3 

Tertiary 20 16.7 

Farm Size (Ha)   

≤5 25 20.8 

6 – 10 60 50.0 

≥10 35 29.2 

Mean Farm Size 8 Hectares  

Farming Experience 

(Years) 
  

≤5 10 8.3 

6 – 10 50 41.7 

11 – 15 40 33.3 

≥15 20 16.7 

Mean Farming 

Experience 
10years  

Income 

level(NGN/Ha/Cycle) 
  

≤ 300, 000 45  

300, 000 – 600, 000 60  

≥ 600, 000 15  

Mean income 
NGN/Ha/Cycle 

662, 508.77 
 

Source: Field Survey, 2020 
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The results in Table 1 show the socioeconomic 

characteristics of the respondents who adopted the 

technology. Using Plantain pseudostems to grow 

vegetable is a female dominated ventures as 62% of 

respondents were females. The modal age of 

respondents was between 21 – 30 and 21 – 40 with a 

mean age of 30.5years. About 50% of the respondents 

were married while 16/7% were not married. The 

modal household size of respondents was between 6 – 

10persons per household while the mean household 

size of respondents was 8 persons. On the respondent 

level of education, 79.2% had a form of education or 

the other while 20.2% had no formal education. The 

respondent level of education may largely influence 

their willingness or not to adopt the technology. With a 

mean farm size of 8Ha and 10years farming 

experience, respondents made an average of NGN662, 

508.77K/Ha/Cycle. 

3.2.Identified vegetables grown on using the innovation 

Results in Figure 1 show that 45.6% of respondents 

grew lettuce; 41.7% grew onions while 12.5% grew 

Spinach using the spent plantain pseudostems. 

 
Figure 1 

Vegetables grown using spent plantain pseudostem 

(Source: Field Survey, 2020) 

3.3.Return to Vegetable production using plantain 

trunks for growing vegetables 

The costs and return to vegetable production using 

this innovation is presented in Table 3.  

 

 

 

 

 

 

 

 

 

 

 

Table 3 

Return to vegetable production using spent plantain 

pseudostem for additional farm income 

Variable Cost 
Cost/Uni

t (NGN) 

Qty/H

a 

Amount 

(NGN) 
% 

Seeds (Kg) 5,000 2 10,000 
11.

3 

Insecticides 

(Litres) 
1,470 2 2,940 3.3 

Farm yard 

manure (Kg) 
500 50 25,000 

28.

3 

Transportation 

(NGN/day) 
1,630 12 19,560 

22.

2 

Water for 

spraying 

insecticides 

(Litres) 

33.5 215 7,202.5 8.2 

Pseudostem 

collection and 

preparation 

(Manday) 

1,640 3 4,920 5.6 

Insecticide 

Application 

(Manday) 

1,580 3 4,740 5.4 

Farm 

Maintenance 

(Manday) 

2,000 2 4,000 4.5 

Harvesting/Sortin

g (Manday) 
1,550 3 4,650 5.3 

Basketing and 

packaging 

(Manday) 

1,730 3 5,190 5.6 

Total Variable 

Cost (TVC) 
  88, 202.5 100 

Fixed Cost     

Cutlasses 

(NGN/Unit) 
2,000 4 8,000 

15.

4 

Knives 

(NGN/Unit) 
450 6 2,700 5.2 

Basket 

(NGN/Unit) 
1,700 3 5,100 10 

Knapsack 

Sprayers 

(NGN/Unit) 

12,000 3 36,000 
69.

4 

Total Fixed Cost 

(TFC) 
  51, 800 100 

Total Cost (TC)   140,002.5  

Revenue   
398,380.9

2 
 

Gross Margin   
310, 

178.42 
 

Net Farm Income 

(NFI) 
  

258,378.4

2 
 

Return to Naira 

invested 
  2.8  

Source: Field Survey, 2020 

Using spent plantain pseudostem to grow 

vegetables, farmers incurred NGN 88, 202.5 as total 

variable cost and NGN 58,100 as total fixed cost in 

their production. Farmer earned a total of NGN 398, 

380.92k as total revenue. However, they had a return 

(NFI) of NGN 258, 378.42/Ha/cycle less the total cost 

incurred in production. The use of spent plantain to 

grow vegetables had 2.8 as return to Naira invested 

which imply that for every Naira invested in the 

46% 

42% 

12% 

Percentage 

Lettuce

Onions

Spinac
h
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innovation a corresponding NGN 2.8 was returned as 

profit of investment which show that investing in the 

use of spent plantain psuedostems to grow vegetables 

is viable and should be encouraged to reduce farm 

waste and create some additional farm income for 

plantain farming households in the study area.  

Additionally, the costs for farm yard manure (28.3%) 

and acquiring Knapsack spray tanks (69.4%) were the 

highest incurred for variable cost and fixed cost, 

respectively. 

3.4.Perceived environmental benefits of the innovation 

Figure 2 

Benefits of using spent plantain pseudostems to grow 

vegetables to the environment (Source: Field Survey, 

2020) 

On the perceived benefit of this innovation to the 

environment as shown in Figure 2, 50% of respondents 

believe that when spent plantain pseudostems are used 

in growing crops, they decay, form and add humus to 

the soil which is an essential constituent of soil fertility 

and hence reduce the additional requirement for 

fertilizers. About 41.7% of farmers who adopted this 

innovation believe there will be reduced pollution due 

to agrochemicals and fertilizers because the innovation 

is soil fertility replenishing. This partly agrees with 

Lekshmi, (2018) who stated that the innovation makes 

the chances of weed infestation remain relatively lower 

and consequently will cut  off weeding cost. Also, 

8.3% of respondents opined that the innovation would 

prevent moisture loss by plants if grown on the soil 

because plantain pseuedostems retain water over a long 

time. The innovation is self moisture servicing and 

sustaining. This is in tandem with Ahmar, (2021) who 

stated that the innovation retains water to the tune of 

serving the purpose of irrigation for farmers and 

encourages farmers to use the plantain pseudostems for 

planting short root crops.  

 

3.5.Constraints to adopting the innovation 

Variable Frequency Percentage Rank 

Low market prices of 

vegetables 

30 25.0 1st 

High cost of seeds 20 16.7 3rd 

Lack of access to 

improved seed 

25 20.8 2nd 

No extension 

education 

10 8.3 6th 

Short shelf life of 

vegetables 

15 12.5 5th 

Herds invasion of 

farm 

20 16.7 3rd 

Source: Field Survey, 2020 

Results from Table 5 show that Low market prices 

of vegetables ranked the 1st among constraints 

encountered by farmers who adopt this innovation. 

They take time to tend for their plants during the dry 

season only to take their produce to the markets and it 

is priced very low. Lack of access to improved/hybrid 

seed ranked the 2nd. In contrast, high cost of seeds and 

invasion of farms by herds ranked the 3rd respectively 

and shortness of the shelf life of vegetables ranked the 

5th principally because farmers wish the fresh vegetable 

stays longer and service the consumers in the dry 

season and absence of extension education and farm 

advisory services ranked the least (6th position) among 

the challenges encountered by farmers in the adopting 

of this innovation. 

4. Conclusion and Recommendation 

We conclude this study by stating that, growing 

vegetables with spent plantain psuedostem is a female 

dominated activity. Lettuce and Spinach were the 

prevalent leafy vegetables grown using the innovation. 

Leafy vegetable production is profitable and cost 

effective in the study area. Decaying pseudostems 

adding to the manure to the soil through humus 

formation and reduced pollution from agrochemicals 

and fertilizers were some of the perceived 

environmental impacts of the innovation. Low market 

prices of vegetables, shortness of the shelf life of 

vegetables, costs of seeds were the major challenges 

encountered by farmers who adopted the innovation. 

We are of the option that the innovation was viable 

with possibility of expansion. The study recommends 

further drive of the innovation to other plantain 

producing regions of Nigeria, plantain farmers are also 

encouraged to explore other uses of their farm ‘waste’, 

environmental specialist and other promoters of eco-

friendly production and investors should partner with 

these plantain producers to add value to products and 

‘wastes’. The right and supporting policies to sustain 

the adoption of the innovation should also be put in 

place by the authorities concerned. 
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