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ABSTRACT
The productivity of yam in Ghana has been on a constant decline recently, mainly due to 
weather extremes and nematode infestations. This has significantly affected the profitability of 
yam production, with a resultant effect on the livelihoods of the thousands of yam income 
dependent households. Several techniques have been developed to improve the situation. 
This study purposes to estimate the profitability of yam production under the novel ‘wrap and 
plant’ technology of planting seed yam, in comparison to the traditional method in three 
agro-ecological zones in Ghana using 20 young and male-dominated randomly sampled yam 
farmers. The term ‘wrap and plant’ refers to a novel method of wrapping seed yam with 
abamectin treated banana paper (ABM) before planting in the soil. This is to prevent nematode 
migration into the seed yam during planting and also the new yam that develops. Each 
farmer was supported to farm on four demonstration plots of 144 mounds in all (six rows of 
six mounds, making 36 mounds per plot). The four demonstration plots/sites per farmer were 
randomly selected and the three treatments (ABP) banana paper with abamectin, (BP) banana 
paper without abamectin and the control, representing Farmer Practice (FP), were used with 
four replications per site for both dry and wet seasons. The profitability of their production 
under three yam planting techniques, abamectin-treated banana paper (ABP), untreated 
banana paper (BP), and farmer practice (FP) was determined using Benefit Cost Ratio (BCR) 
analysis. The study found that though the use of the new planting technology yielded 
significantly higher net-benefits compared to FP, they resulted in rather lower BCRs. Using FP 
led to 0.916 and 1.531 significantly higher BCR on the average, compared to ABP and BP, 
respectively. Although this study affirms FP as the most profitable planting technique, the 
new technology increased yam yields, but at higher costs. Farmers are willing to adopt this 
technology if the cost of the banana paper is further reduced. The findings of the study 
reinforce the importance of lowering the cost of adopting new planting techniques in order 
to make production under such techniques profitable for farmers.

1.  Introduction

Yam (Dioscorea spp.) is a staple food in West Africa 
and has been cultivated for centuries. This crop is 
versatile, can be used in a variety of dishes, and is 
also a source of income for farmers and traders, as it 
plays a crucial role in the economy of producing 
countries (Ansah et  al., 2023; Kiba et  al., 2020). 
Sub-Saharan Africa is the largest producer of yam in 
the world, producing about 95% of the global supply 

(Xie et  al., 2018), and Ghana is the second-largest 
producer, after Nigeria (Acheampong et  al., 2019). 
Yam farming is a major source of livelihood for many 
people in Ghana (Ansah et al., 2023), with over 26.2% 
of the population depend on yam cultivating for 
their food and income security (Aighewi et  al., 2020). 
The production of Yam in Ghana is dominated by 
small-scale farmers (Afua et  al., 2023). One of the rea-
sons why yam is such an important crop in West 
Africa is that it can be stored for long periods 
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without spoiling (Morse, 2022). This means that yam 
can be consumed during the dry season when other 
crops are not available. In addition, yam can be 
traded, which makes it an important source of 
income for farmers and traders alike. Yam is often 
sold in local markets, but studies have shown that 
about 94% of yam produced in Ghana is meant for 
the international market (Ansah et  al., 2023). As the 
leading exporter of Yam globally, Ghana exports 
about 21,000 metric tons of Yam on an annual basis 
for the past decade to America, Europe and other 
African countries such as Niger, Burkina Faso and 
Mali among others (Wumbei et  al., 2023).

The production of yam also creates employment 
opportunities for other actors at the various stages 
of the value chain, such as transporters, processors, 
and marketers (Ansah et al., 2023). There is also a rip-
ple effect in the economy; as the income generated 
from yam farming is used to purchase other goods 
and services, which in turn supports other industries. 
The economic importance of yam is reflected in the 
Gross Domestic Product (GDP) of the top producers 
and exporters. For example, in Ghana, the export of 
yam between 2017 and 2018 increased by USD 5.4 
million (Ghana Export Promotion Authority (GEPA), 
2019). In 2022, though yam exports faced a shortfall 
due to exporters’ inability to meet quality require-
ments, revenue still stood at USD 11.4 million (Ghana 
Export Promotion Authority (GEPA), 2022). This shows 
that yam farming and trading is a significant contrib-
utor to the economy of the country. The main drivers 
of yam consumption in Ghana include rapid popula-
tion growth coupled with urbanization, with most 
urban dwellers patronizing yam because of its ease 
of preparation and its ability to be stored for a long 
period (Adeosun et  al., 2022; Morse, 2022). This 
makes yam continuously maintain its position as an 
important staple crop supporting livelihoods at both 
producer and consumer levels, as well as contribut-
ing significantly to national development. Despite 
the increasing importance of yam production both at 
the micro and macro levels, there are reports of a 
continued decline in productivity to meet the ever 
increasing demand (Liu et  al., 2021).

The recent decline in yam productivity has been a 
cause for concern given yam’s contribution to Ghana’s 
GDP and the livelihoods of thousands of households 
whose earnings are yam-dependent (Neina & 
Agyarko-Mintah, 2023). Farmers have adjusted in 
many ways in their farm practices to overcome this 
challenge (Baffour-Ata et  al., 2023; Easmin, 2022). 
Research has also been conducted and techniques 
have been introduced as a result to overcome the 

issue of low productivity in yam cultivation. For 
instance, the Banana Paper Abamectin Technology 
(wrap and plant) is a new innovation undergoing 
field trials by the Department of Crop Science, 
University of Ghana, in collaboration with North 
Carolina State University. The term ‘wrap and plant’ 
refers to a novel methods of wrapping seed yam 
with abamectin treated banana paper (ABP) before 
planting in the soil. This is to prevent nematode 
migration into the seed yam during planting and 
also the new yam that develops. Although studies 
have proven that new technologies have the ten-
dency to improve yields significantly in yam produc-
tion (Liu et  al., 2021; Neina & Agyarko-Mintah, 2023; 
Pirzada et  al., 2023), the adoption and use of these 
technologies are not always straightforward 
(Baffour-Ata et  al., 2023). Farmers have reservations 
regarding the profitability of production under newer 
technology. Several studies have been conducted on 
the adoption of new production techniques leading 
to improved yields, in terms of quantity, quality or 
both (Kiba et  al., 2020; Onwuka, 2020; Pirzada et  al., 
2023). Other studies have also focused on exploring 
how other factors such as access to credit, extension 
contact, education, access to infrastructure and envi-
ronmental factors may influence the adoption of 
new technologies (Anang et  al., 2020; Mumah et  al., 
2024; Rizzo et al., 2024). These studies have proposed 
solutions to overcome issues of low adoption among 
farmers. However, this may be insufficient in getting 
farmers to adopt, given that the adoption of new 
technologies may not be cost-effective for farmers. 
Hence, a profitability analysis is necessary. Studies on 
the profitability of yam production under new tech-
nologies are scanty in the current literature. The few 
studies on the subject have only focused on a single 
technology (Okeoghene et  al., 2013). Hence, there is 
a gap in empirical evidence comparing the profitabil-
ity of different adopted practices by yam farmers in 
Ghana in response to changing climatic conditions. 
This study therefore fills this gap by analyzing the 
profitability of three different yam planting tech-
niques using Benefit Cost Ratio (BCR) analysis. This 
will not only fill the identified gap in the literature, 
but will also have significant practical implications. 
Farmers and all stakeholders concerned with the 
declining output of yam in Ghana will be better 
informed on the best approaches to optimize output 
on all levels, not compromising the profitability at 
the farmer level.

Yam production in Ghana involves a combination 
of traditional and modern farming practices, reflect-
ing the country’s rich agricultural heritage (Naazie 
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et  al., 2023). These practices have evolved over time, 
encompassing a range of techniques that have been 
shaped by cultural, social, and technological factors. 
Traditional farming methods include manual land 
preparation, planting using yam stakes, and inter-
cropping with other crops (Neina, 2021). These prac-
tices are characterized by manual labour and local 
knowledge. Modern techniques encompass the use 
of improved varieties, mechanized land preparation, 
and the application of agrochemicals (Bolarin et  al., 
2022). These techniques have been introduced to 
yam production, aiming to increase climate resis-
tance, yields and improve efficiency (Bolarin et  al., 
2022; Darkwa et  al., 2020). Studies have highlighted 
the importance of integrating traditional knowledge 
with modern approaches to enhance yam yield and 
sustainability (Ema et  al., 2023; Nugroho et  al., 2023). 
This holistic approach of integration acknowledges 
the importance of local practices, cultural beliefs, and 
indigenous techniques that have sustained yam 
farming for generations. For instance, the practice of 
intercropping not only optimizes land use but also 
helps control pests and diseases through natural bio-
diversity (Brooker et  al., 2023). Also, indigenous 
methods of soil fertility management, such as fallow-
ing and organic matter incorporation, can contribute 
to sustainable soil health and reduce the need for 
excessive synthetic inputs (Thakur et  al., 2023). By 
combining these traditional practices with modern 
research and technologies, farmers can achieve a bal-
ance that enhances yields, conserves resources, and 
preserves local agricultural heritage.

The literature highlights the dynamics leading to 
the profitability of different yam planting techniques. 
Farmer Practice (FP), which involves traditional meth-
ods such as mounding and ridging, is the most 
widely adopted technique among smallholder farm-
ers due to its low cost (Adewumi et  al., 2021; Ema 
et  al., 2023). However, studies indicate that farmer 
practice alone may not optimize yields or profits 
(Dedehouanou et  al., 2022b; Neina, 2021; Tanko & 
Alidu, 2017). Incorporating improved planting tech-
niques, such as abamectin treatment, can signifi-
cantly enhance yam production by reducing pest 
infestation and increasing crop vigour (Dedehouanou 
et  al., 2022a; Pirzada et  al., 2023). Abamectin-treated 
yam plots have demonstrated higher yields and 
improved profitability compared to traditional meth-
ods (Dedehouanou et  al., 2022b). Furthermore, the 
use of banana paper as a planting material has 
gained attention in recent years (Balda et  al., 2021; 
Siva et  al., 2021). Studies suggest that the banana 
paper technique shows promise in promoting yam 

tuberization, reducing pest damage, and improving 
overall crop health (Dedehouanou et  al., 2022b; 
Pirzada et  al., 2023). Although more research is 
needed to determine its long-term profitability, initial 
findings indicate that the banana paper technique 
holds potential for enhancing yam production in 
Ghana (Dedehouanou et  al., 2022b).

Based on the reviewed literature, it is evident that 
the profitability of yam production in Ghana can be 
significantly improved by adopting innovative plant-
ing techniques. While traditional farmer practices 
remain prevalent due to their low cost (Danquah 
et  al., 2022; Neina, 2021), incorporating methods 
such as abamectin-treated banana paper (ABP) and 
banana paper (BP) can enhance yam yields and prof-
itability (Pirzada et  al., 2023). The adoption of new 
farming techniques plays a pivotal role in shaping 
agricultural productivity, sustainability, and overall 
profitability for farmers (Raimi et  al., 2017). As agri-
culture continues to evolve, the integration of inno-
vative practices is essential to increase productivity 
in the quest to meet the growing demands of a 
changing world. Although profitability can be the 
end goal of farmers’ adoption of new planting tech-
nology, numerous studies have established that prof-
itability is a primary motivator for farmers when 
considering the adoption of new farming techniques 
(Masere et  al., 2022; Montes de Oca Munguia et  al., 
2021). The potential for increased yields, reduced 
production costs, and enhanced overall financial per-
formance are key factors that drive farmers to explore 
and embrace innovative technologies and practices 
(Andati et  al., 2022; Curry et  al., 2021). For instance, 
studies have shown that farmers are more likely to 
adopt agricultural technologies when they perceive a 
positive impact on their returns, indicating that prof-
itability is a key decision-making criterion (Chavas & 
Nauges, 2020; Masere et  al., 2022). It will therefore 
be crucial that efforts are made to promote the 
adoption of these new planting technologies to yam 
farmers (at reduced costs) if profitability is proven an 
eminent outcome of their adoption.

In the literature on yam profitability, several tech-
niques have been used to measure profitability. 
These techniques include Return on Investment (ROI) 
(Osei-Adu et  al., 2022), Net Present Value (NPV) 
(Owusu Danquah et  al., 2023), Income Equivalent 
Ratio (IER) (Owusu Danquah et  al., 2023), Gross 
Margin (Dedehouanou et  al., 2022b; Mukaila et  al., 
2022) and Benefit Cost Ratio (BCR) (Dedehouanou 
et  al., 2022b; Mukaila et  al., 2022; Osei-Adu et  al., 
2022; Owusu Danquah et  al., 2023). These measures 
are all good proxies of the profitability of a venture 
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and the choice of which measure to use may largely 
depend on the scope of analyses and the data avail-
able. In this study, the BCR was employed as a proxy 
for measuring the profitability of yam production 
due to the predominance of its use in the literature.

The theoretical foundation of this study rests on 
economic principles governing agricultural produc-
tion and profitability. Economic theory provides 
insights into the decision-making processes of farm-
ers and the factors influencing their adoption of 
innovative farming techniques (Dessart et  al., 2019). 
Central to this analysis are concepts such as 
cost-benefit analysis, profit maximization and tech-
nology adoption. Cost-benefit analysis is a funda-
mental tool in agricultural economics used to 
evaluate the economic feasibility of different produc-
tion methods or technologies (Tolessa et  al., 2022). In 
this study, the BCR is employed as a measure of 
profitability. The BCR compares the total benefits 
derived from a production method to the total costs 
incurred, providing a quantitative assessment of its 
economic viability. According to economic theory, if 
the BCR is greater than 1, the benefits outweigh the 
costs, indicating a profitable venture. Conversely, if 
the BCR is less than 1, the costs exceed the benefits, 
suggesting a lack of economic viability.

The Technology Adoption Theory has been used 
to explain the adoption of new farming technolo-
gies. The theory posits that farmers assess the poten-
tial benefits and costs associated with adopting 
innovative practices before making adoption deci-
sions (Anang et  al., 2020). Profitability is a key moti-
vator for technology adoption, as farmers are more 
likely to adopt new techniques that promise increased 
yields or cost savings, leading to higher profits (Cui 
& Wang, 2023). Also, the Innovation Diffusion Theory 
informed the theoretical framework of this study, 
emphasizing the process through which new agricul-
tural practices spread among farmers within a com-
munity or region. The theory suggests that the 
adoption of innovations follows a predictable pat-
tern, beginning with innovators and early adopters 
before reaching the majority of farmers (Dissanayake 
et  al., 2022; Gabriel & Gandorfer, 2023). By analyzing 
the profitability of different planting techniques, this 
study contributes to understanding the diffusion pro-
cess of agricultural innovations in the context of yam 
production in Ghana.

The theoretical framework of this study, the tech-
nology adoption theory and the innovation diffusion 
theory, considers the implications for agricultural 
extension services and policy interventions. By evalu-
ating the profitability of three different planting 

techniques, policymakers and extension agents can 
identify strategies to promote the adoption of 
cost-effective and sustainable agricultural practices. 
This aligns with broader goals of enhancing agricul-
tural productivity, improving livelihoods and achiev-
ing food security in Ghana.

2.  Materials and methods

2.1.  The study area

The study was conducted in three major yam pro-
ducing districts in Ghana, namely, Krachi- Nchumuru, 
Nkoranza and Zabzugu Districts. These districts were 
purposively selected due to the predominance of 
commercial yam production in these districts and 
also to represent each of the three ecological zones 
of the country, offering distinct agroecological and 
socioeconomic characteristics.

The Krachi Nchumuru District, situated in the Oti 
Region, boasts favourable climatic conditions and 
lush vegetation. The district, flanked by the Volta 
Lake, supports diverse agricultural practices, making 
yam production a significant contributor to the local 
economy.

Nkoranza District, located in the Bono East Region, 
presents a blend of forest and savannah agroecolog-
ical zones. Known for its agricultural diversity and 
adoption of various farming techniques, yam cultiva-
tion plays a pivotal role in this district’s agriculture.

Zabzugu District, situated in the Northern Region, 
represents the northernmost part of the study area. 
Its semi-arid savannah climate and traditional farm-
ing practices pose unique challenges and opportuni-
ties for yam cultivation. Yam production is a crucial 
component of local agriculture, contributing signifi-
cantly to food security and livelihoods in the district.

These three districts collectively represent Ghana’s 
diverse agricultural landscape, influenced by factors 
such as climate, soil conditions, traditional farming 
practices, resource accessibility, and market dynamics.

2.2.  Seed yam planting and treatments

The field treatments include (ABP) banana paper 
with abamectin, (BP) banana paper without abamec-
tin, and the control, representing farmer practice 
(FP). The seed yams planted were wrapped with 
banana paper (ABP) or (BP) or use of farmer practice 
(FP) where the seed yam is planted directly into the 
soil without any wrapping. Individual plots consisted 
of six rows of six mounds (36 mounds per plot), and 
the trial was laid out in Randomized Complete Block 
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Design (RCBD), with four replicates in the various 
locations. The experiments were conducted both in 
the dry and wet seasons. This was to determine the 
efficacy levels of abamectin within the banana paper 
on reducing nematode populations and dry rot inci-
dence on yam. The experiments were conducted in 
four sites each, during the various seasons in the 
three agro-ecological zones.

2.3.  Sampling procedure

Two communities were purposively selected from 
each district based on their records in yam produc-
tion within the districts. This was after the three dis-
tricts of the study were selected purposively. Twenty 
yam farmers were then randomly selected with prob-
ability proportionate to available yam farmers to par-
ticipate in the demonstration field trials. Eight farmers 
were sampled each for Krachi Nchumuru and 
Zabzugu Districts, while four farmers were sampled 
from the Nkoranza District. The sampling of these 20 
farmers was purely to carry out the experiment of 
cultivating four different plots for each planting prac-
tice. This was not aimed at getting a representa-
tive sample.

2.4.  Data collection and instrument

The data collection process covered a period of one 
year because the study sought to assess yam produc-
tion outcomes for two farming seasons. Two struc-
tured questionnaires were used to collect data from 
participating farmers at three different periods within 
the year. For the first round of data collection, the 
first structured questionnaire was used to collect the 
socio-demographic characteristics of participating 
farmers just before the start of the first production 
season. For the second round of data collection, the 
second structured questionnaire was used at the end 
of the first production season to collect data on the 
cost structure and production outcomes for that sea-
son. In the third round, the second structured ques-
tionnaire was again used to capture data on farm 
cost structure and production outcomes at the end 
of the second production period. Farmers were asked 
to detail the cost they incurred in activities such as 
land preparation, planting, mulching and weeding. 
The questionnaire also captured the number of 
tubers harvested for each planting technique and the 
revenue generated from the sale of those tubers.

Written informed consent from respondents for 
participation in the study was obtained before data 
was collected.

2.5.  Data analysis

The data collected from the survey was analyzed in 
Excel and STATA version 15. The data was first 
screened and cleaned from inconsistencies and pos-
sible errors during the data collection and entry 
processes.

To compute the benefits the study made some 
assumptions. These assumptions were:

1.	 The average price of a tuber of yam is GHS 3 ($ 
0.51) based on information from yam sellers 
(traders and farmers).

2.	 The abamectin technology is likely to increase 
the price of yam from GHS 3 ($ 0.51) to GHS 4 
($ 0.68) which is approximately a 30% increase 
in the price of the yam. The price increase is 
because the use of abamectin helps to produce 
yams of better quality (Dedehouanou et  al., 
2022b) which commands a higher price as stated 
by the stakeholders of the project.

3.	 It is estimated that about 9.6% of yam will be 
lost by farmers during storage (Ansah et  al., 
2018). The respondents stated the absence of rot 
due to the use of the abamectin. Hence, the per-
centage loss during storage is only calculated for 
the normal farmer practice.

2.6.  Computation of BCR

2.6.1.  Quantity harvested
This is the total amount of yams harvested from the 
mounds created for each section of the demonstra-
tion site reserved for a planting technique.

2.6.2.  Quantity lost
9.6% Of yam is likely to be lost after harvesting yams 
hence this percentage is expressed over the quantity 
harvested to give the remaining quantity after losses.

2.6.3.  Remaining quantity
Quantity harvested minus quantity lost gives the 
remaining quantity.

2.6.4.  Price
The average price for the yam.

2.6.5.  Revenue (Bi)
The price multiplied by the quantity gives the revenue.

2.6.6.  Cost (Ci)
Total cost of planting technique on a demonstration site.
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2.6.7.  Net benefit (B – C)
The revenue minus the cost gives the net benefit.

2.6.8.  Benefit-cost ratio (BCR)
The ratio of the revenue (benefit) to the cost gives 
the BCR, this is as specified below following 
(Rangsiwanichpong & Melesse, 2022).

	 BCR
Bi

Ci
=
Σ
Σ

	 (1)

where BCR is the benefit-cost ratio; Bi and Ci are the 
benefits and costs of the ith planting techniques, 
respectively.

According to Rangsiwanichpong and Melesse 
(2022), economically, if the costs exceed the benefits, 
then BCR will be less than 1, solely based on this 
criterion, the activity should not proceed. Where the 
costs equal the benefits, thus BCR equals 1, the 
activity should be allowed to proceed, but with little 
viability. Where the benefits exceed the costs then 
the BCR will be greater than 1, the project should be 
allowed to proceed. In profitability analysis using the 
BCR, the higher the value of BCR, the more profitable 
the activity.

2.7.  Data treatment

To avoid any form of bias in the data gathered and 
cater for all forms of production inefficiencies or oth-
erwise, each farmer cultivated four different demon-
stration plots for each of the three planting 
techniques. For each district, half (4) of the farmers 
cultivated all plots during the dry season while the 
other half cultivated all plots during the rainy season 
except for Nkoranza district where one half failed to 
cultivate in the rainy season. This was necessary to 
control for seasonal variations in production under 
all the planting techniques.

3.  Results and discussion

3.1.  Socio-demographic characteristics of 
farmers

The results of the study as shown in Table 1 indicate 
that the majority (85%) of the farmers selected for 
the demonstration sites were males aged below 35 
(65%) and with an average of 12 years’ experience in 
farming. This demonstrates the dominance of males 
in yam farming and the growing participation of the 
youth. The dominance of males in yam farming is 
confirmed in earlier studies (Ema et  al., 2023; 

Osei-Adu et  al., 2022), as there are still significant 
gender gaps in access to productive resources to the 
disadvantage of females (Ankrah et  al., 2020). Also, 
the dominance of youth in yam cultivation is encour-
aging, especially in the discourse of new technology 
adoption. Studies have shown that youth farmers are 
more likely to adopt newer technologies to enhance 
their productivity as compared to older farmers who 
are more conventional in their farming practices 
(Mumah et  al., 2024; Rizzo et  al., 2024).

In terms of educational level, the majority (55%) 
were uneducated, while 25% of farmers had second-
ary education. The majority (75%) of farmers were 
Christians and married (80%) with an average house-
hold size of 8 members. The results further showed 
that 70% of farmers had access to extension services 
and cultivated lands that they solely owned, while 
75% of them were not members of any organized 
Farmer-Based Organisation (FBO).

3.2.  Costs and return analysis of yam production

3.2.1.  Cost structure
A typical cost structure for setting up and carrying 
out operational activities on the demonstration plot 
(144 mounds) is outlined in Table 2.

Table 1. D emographic profile of selected farmers for the 
study.

Variables Frequency
Percent 

(%) Mean
Std. 
dev Min Max

Gender
Female 3 15
Male 17 85

Age
Below 35 13 65
35 And above 7 35

Educational level
No education 11 55
Basic 2 10
Secondary 5 25
Tertiary 2 10

Marital status
Single 3 15
Married 16 80
Divorced 1 5

Religion
Christian 15 75
Muslim 5 25

Land ownership
Leased 3 15
Solely owned 14 70
Family owned 3 15

FBO membership
Yes 5 25
No 15 75

Access to extension
Yes 14 70
No 6 30

Household size 8 5.32 3 13
Farm experience 12.35 10.61 4 31
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The cost components of yam production for the 
demonstration sites were recorded for each farming 
activity under the different planting techniques. For 
the respective required units of each activity, the 
total cost of using the normal farmer practice 
amounts to GHS 125 ($ 21.28), the cost of using the 
abamectin paper technique amounts to GHS 257 ($ 
43.77) and the Banana Paper amounts to GHS 257 
($ 43.76). There is clearly a higher cost of cultivating 
under the new planting techniques as the cost is 
more than twice as much as using normal farmer 
practice. Studies in the past have found the use of 
new planting techniques to result in added cost to 
the production process (Dedehouanou et  al., 2022b; 
Emerick & Dar, 2021). This is accounted for by the 
extra cost incurred in acquiring the Banana Paper 
and Abamectin Paper to aid the use of the new 
planting techniques. This additional cost incurred in 
securing additional inputs for these new planting 
techniques significantly influenced the differences 
in the BCRs between the different planting 
techniques.

3.2.2.  Comparing production outcomes of planting 
techniques
The production outcomes of the planting techniques 
are presented in Table 3. In terms of the quantity of 
yam produced under each of the planting techniques 
per demonstration plot, FP yielded an average of 
142.2 tubers, while ABP and BP yielded 142.947 
tubers and 147.3 tubers, respectively (Table 3). 
Distribution of average quantity produced by district 
showed that there was an average output of 146, 
142.375 tubers and 142.75 tubers, respectively for FP, 
ABP and BP at the Krachi Nchumuru District per 
demonstration plot. In the Nkoranza District, the 
average quantity of yam produced was 136.5 tubers, 
135.5 tubers and 139.75 tubers, respectively for FP, 
ABP and BP. Finally, in the Zabzugu District, yam out-
put averaged 141.25 tubers, 147.857 tubers and 

155.625 tubers, respectively for FP, ABP and BP 
(Table  3). The distribution of average quantity pro-
duced by season showed that there was an average 
output of 141.625 tubers, 139.125 tubers and 151.625 
tubers, respectively for FP, ABP and BP in the rainy 
season. In the dry season, the average quantity of 
yam produced was 142.583 tubers, 133.583 tubers 
and 144.417 tubers, respectively for FP, ABP and BP 
(Table 4). Given these observed differences in the 
average quantity of yam produced, an ANOVA test 
was conducted to determine if these observed differ-
ences in the mean quantity of yam produced were 
statistically significant. The results of the ANOVA test 
are presented in Table 5. The test revealed that the 
observed differences in mean quantity produced 
across the three planting techniques were not signif-
icant (F = 0.20, p = 0.818). This finding is contrary to 
the finding of earlier studies by Dedehouanou et  al. 
(2022b), who found

in their study that the output produced by all 
three planting techniques differed on average. 
Another study by Pirzada et  al. (2023) observed a 
similar outcome arguing that the use of new plant-
ing techniques improved the yields of yam 
significantly.

In terms of the cost structure of production, the 
average cost of production under FP was GHS 125 
($ 21.28), while that of both ABP and BP was GHS 
257 ($ 43.76) each (Table 3). This finding conforms 
to several other studies in the past that also found 
that the cost involved in producing under newer 
technologies comes at a higher cost relative to tra-
ditional production techniques (Asala & Ebukiba, 
2016; Dedehouanou et  al., 2022a, 2022b). This is 
mainly because new technologies require additional 
input or knowledge which more often than not, 
comes at an additional cost to farmers when they 
are adopting new techniques (Emerick & Dar, 2021). 
On average, revenue generated differed across the 
planting techniques. Revenue generated with FP 
averaged GHS 385.6 ($ 65.65) per demonstration 
plot, while that of ABP and BP was GHS 557.474 ($ 
94.92) and GHS 399.5 ($ 68.02), respectively per 
demonstration plot (Table 3).

Further tests with the Bonferroni adjust test 
(Table 6) showed that there was a significant 
(p = 0.00) difference in the mean revenue generated 
by FP and ABP. There was, however no significant 
difference between the mean revenue generated by 
FP and BP.

Again, the average difference in mean revenue 
generated per demonstration plot by ABP and BP 
was GHS 157.974 ($ 26.90). This difference was 

Table 2.  Cost structure for demonstration site of 144 
mounds.
Activities Unit Price (GHS) Total (GHS)

Land preparation 1 30 30
Weedicide application 1 15 15
Labour for application 1 10 10
Making mounds (144) 1 20 20
Planting & mulching 1 10 10
Weeding 1 10 10
Harvesting 3 10 30
Cost of abamectin paper 48 2.75 132
Cost of banana paper 48 2.75 132

Note: The exchange rate at the time of data collection was; (1 USD = 
5.87327 GHS).
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statistically significant at 1%. On average, FP gener-
ated GHS 171.874 ($ 29.26) less revenue as compared 
to ABP. For net revenue generated, FP averaged GHS 
260.6 ($ 44.37), ABP averaged GHS 300.474 ($ 51.16) 
and BP averaged a net benefit of GHS 142.5 ($ 24.26) 
(Table 3).

The ANOVA results revealed that there was a 
significant difference in the average net benefits 
across the planting techniques (F = 17.47, p = 0.000) 
(Table 7). Further Bonferroni test showed that net 
benefits from FP were GHS 39.874 ($ 6.79) less and 
GHS 118.1 ($ 20.11) more as compared to ABP and 
BP, respectively. The possible reason why ABP 
resulted in higher net benefits was because of the 
higher price yam produced under such technology 
commanded. It should be noted that studies have 
confirmed that yam produced with the ABP plant-
ing technique is of superior quality with respect to 
weight, size and overall quality (Dedehouanou 
et  al., 2022b). Hence, they are sold at a higher 
price as compared to yam output from other plant-
ing techniques. This most likely leads to higher net 
benefits for farmers practising this planting 
technique.

3.2.3.  Profitability analyses
From the analyses of the BCRs of the three planting 
techniques, FP produced the highest BCR on average 
with a mean BCR of 3.085. ABP and BP produced an 
average BCR of 2.169 and 1.554, respectively 
(Table  3). This implies that FP is the most profitable 
planting technique among the planting techniques 
studied. Table 8 presents the results of further analy-
sis was carried out to know the exact differences in 
mean among the three techniques using Analysis of 
Variance (ANOVA). The analysis revealed that there 
were significant differences in the mean BCR of the 
three planting techniques (F = 60.30, p = 0.000). Given 
that there were significant differences in the mean 
BCRs, the Bonferroni test was carried out to know 
where the differences resulted from. Table 9 presents 
the results of the Bonferroni test which revealed that 
the average BCR of FP was 0.916 and 1.531 signifi-
cantly higher (p = 0.000) than the average BCRs of 
ABP and BP, respectively.

To be sure these differences were not influenced 
by seasonality or location, further ANOVA analyses 
was carried out to determine if mean BCRs signifi-
cantly differed by season and district. The results are 
presented in Tables 10 and 11.

These tests, however, yielded insignificant esti-
mates, indicating that there were no significant dif-
ferences in the mean BCR across the two seasons 
and the three districts. The only significant differ-
ence resulted from the mean BCRs by planting 
technique, which showed that FP was the most 
profitable planting technique based on the BCRs. 
This finding is contrary to earlier studies by 
Dedehouanou et  al. (2022b), who found that newer 
planting techniques such as ABP and BP yielded 
more profits for farmers. The intuition behind the 
finding from this study is the high cost of planting 
with ABP and BP techniques as compared to the 
relatively cost-effective FP as seen in this study. The 
adoption of the new planting techniques required 
the purchase of additional inputs which drastically 

Table 5. O ne-way ANOVA test for differences in mean quan-
tity harvested by technique.
Source SS df MS F Prob > F

Between groups 301.958 2 150.979 0.20 0.818
Within groups 41950.347 56 749.113
Total 42252.305 58 728.488

Table 6.  Bonferroni test for differences in mean revenue by 
technique.

FP ABP

ABP 171.874
0.000

BP 13.9
1.000

−157.974
0.000

Table 8. O ne-way ANOVA test for differences in mean BCR by technique.
Source SS df MS F Prob > F

Between groups 23.725 2 11.862 60.30 0.000
Within groups 11.016 56 0.196
Total 34.741 58 0.599

Table 7. O ne-way ANOVA test for differences in mean revenue by technique.
Source SS df MS F Prob > F

Between groups 352302.683 2 176151.342 23.18 0.000
Within groups 425612.537 56 7600.224
Total 77915.22 58 13412.331
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increased the cost component for the production 
period. The use of the new technologies, however, 
did not result in a significant increase in the quan-
tity of yam produced. This eventually led to lower 
BCR as a result, making production under these 
technologies less profitable relative to FP. Even 
though yam produced from the new techniques 
commanded a higher price due to their superior 
quality as affirmed by Dedehouanou et  al. (2022b), 
this did not significantly contribute to the revenue 
generated from these techniques to offset the addi-
tional cost incurred in securing additional inputs. 
Interactions with farmers and key stakeholders 
during the course of the project indicates that 
farmer will be willing to adopt these new planting 
techniques should they turn out to be more profit-
able compared to their known farmer practices.

4.  Conclusion and recommendations

The study focused on the profitability of yam pro-
duction using three different planting techniques 
among smallholder yam farmers in three selected 
districts in Ghana using BCR analysis. Twenty (20) 
smallholder yam farmers were selected to cultivate 
yam on four demonstration plots for each of the 
planting techniques. The average costs incurred and 
revenue obtained per the four demonstration plots 
for the three planting techniques for yam farmers 
were estimated to determine the profitability or oth-
erwise of yam production. The average quantity of 
yam produced by farmers was 142.2 tubers for farmer 

practice, 142.9 tubers for ABP and 147.3 tubers for 
BP. Net benefits were GHS 260.6 ($ 44.37) for farmer 
practice, GHS 300.5 ($ 51.16) for ABP and GHS 142.5 
($ 24.26) for BP on average. On the average, BCR 
were 3.1, 2.2 and 1.6 for farmer practice, ABP and BP, 
respectively. Thus, it could be concluded that yam 
production under the three different planting tech-
niques in the study districts was economically viable, 
though with varied degrees of profitability. Based on 
the BCRs, farmer practice was the most profitable 
planting technique, followed by ABP and BP in order 
of profitability.

The study recommends that because farmer prac-
tice emerged as the most profitable planting tech-
nique, and with well documented evidence of high 
post-harvest losses, investments should be made in 
extension services to educate farmers to avoid these 
losses after harvest. With the issue of low quality of 
yam produced from traditional farmer practice, the 
study recommends the introduction of cost-efficient 
innovations that will complement farmer practice 
leading to improved quality of yam harvested. These 
interventions are proposed for uptake by the 
Ministry of Food and Agriculture (MoFA) through its 
subsidiaries such as the extension division. The 
advantages of abamectin include it being a biode-
gradable matrix that delivers micro-dosages of nem-
aticides to the target root zone of the yam in a 
farmer’s field, providing a sustainable nematode 
management option for the smallholder farmers. 
Additionally, the abamectin levels within the banana 
paper do not disrupt the ecosystem of other useful 
micro-organisms in the soil, there is also an increase 
the arbuscular mycorrhizae populations around the 
yam root rhizosphere, ultimately improving soil 
health for yam cultivation. This method is sustain-
able because the banana materials can be easily 
obtained from local and commercial banana farms 
in Ghana and the abamectin produced locally. 
Government can support with the construction of a 

Table 9.  Bonferroni test for differences in mean BCR by 
technique.

FP ABP

ABP −0.916
0.000

BP −1.531
0.000

−0.615
0.000

Table 11. O ne-way ANOVA test for differences in mean BCR by district.
Source SS df MS F Prob >F
Between groups 0.194 2 0.097 0.16 0.855
Within groups 34.547 56 0.617
Total 34.741 58 0.599

Table 10. O ne-way ANOVA test for differences in mean BCR by season.
Source SS df MS F Prob >F
Between groups 0.004 2 0.004 0.01 0.936
Within groups 34.737 57 0.609
Total 34.741 58 0.599
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factory for commercial production of the abamectin. 
This will enable easy access of the abamectin and at 
affordable costs to the smallholder farmers, as com-
pared to importation of the abamectin from over-
seas. Despite the fact that ABP and BP were less 
profitable, the study further recommends the intro-
duction of subsidies by the government to partly 
absorb the cost component of ABP on the Ghanaian 
markers, for easy access and at lower costs, com-
pared to synthetic chemicals. This will eventually 
result in the production of high quality yam under 
profitable conditions for smallholder yam farmers.

5.  Limitations of the study

The limitation of the study was the absence of a 
detailed research on the quality of yam produced 
using the new planting techniques. Previous studies 
confirm that yam produced using improved planting 
techniques have superior qualities such as size, 
weight and quality (Pirzada et  al., 2023). This may 
lead to it commanding higher prices and also more 
preferred by consumers over others. Future studies 
can study market dynamics in relation to consumer 
preference for yam produced by different technolo-
gies in terms of their size and quality. That notwith-
standing, this study contributes significantly to the 
literature on how yam production using different 
planting techniques affects profitability which was 
hitherto lacking.
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