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Abstract: The poultry industry is confronted with substantial challenges arising from

infectious diseases, underscoring the critical role of biosecurity in safeguarding farm
operations. This study investigates the socioeconomic characteristics and biosecurity
practices of poultry farmers, revealing a pronounced gender disparity, with males
predominating and female participation remaining limited. The majority of farmers are
married, with family support playing a pivotal role in sustaining production activities.
Most respondents possess moderate educational backgrounds that facilitate the
implementation of fundamental biosecurity measures. Furthermore, the findings indicate
that poultry production is primarily small-scale, involving 150 to 1,000 birds, with farmers
having 2 to 11 years of experience in the sector. Despite a basic awareness of biosecurity
principles, a lack of extensive practical experience persists, signifying the necessity for
enhanced training and capacity-building initiatives. Regression analysis demonstrates that
education and experience significantly and positively influence the adoption of biosecurity
measures, whereas extension visits exhibit a negative correlation.
Strengthening educational attainment, providing targeted training programs, and
improving access to effective extension services could substantially enhance biosecurity
compliance, thereby promoting greater productivity, resilience, and sustainability within
the poultry farming.

Key words: Poultry farmers, Potential threats, Biosecurity measures,
extension services, Osun State, Nigeria
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INTRODUCTION

The poultry industry is a significant agricultural sub-sector in the economy of
most developing nations including Nigeria. It is the most readily available and affordable
source of animal protein for most households in Nigeria [1]. According to [2] Nigerian's
animal intake of 6 grams per head per day is very low, compared with the global average
of 34 grams per day with animal protein constituting only 3% of the mean of an average
Nigerian as against the recommended 12% animal protein composition for a healthy
lifestyle. [3] emphasized that poultry production remains the most efficient and cost-
effective means of making animal protein readily available for consumption among
households in Nigeria. It remains the most viable option for improving animal protein
consumption for both rural and urban households in Nigeria. [4] reported that the Poultry
industry in Nigeria is blessed with myriads of challenges, but diseases in poultry is one of
the major threats to the improved productivity of poultry birds in Nigeria. [5] also affirmed
that poultry-based food producers' major challenge in Nigeria is the outbreak of poultry
diseases. Although Newecastle disease is the most prevalent and frequent poultry disease
in Nigeria, others include avian influenza, avian pox, infectious bursal disease, coli
septicemia coccidiosis, and worm infestation. [3]. According to [6], poultry diseases have
a negative effect on the production and productivity of poultry birds by reducing the
quality and quantity of poultry meat and eggs.

Several authors in the literature have given different definitions to the concepts
of bio-security, however, however, [7] defines bio-security as all preventive measures that
are designed and undertaken to minimize the risk of spread of highly infected disease in
livestock, including poultry production. The author categorized biosecurity into two
components; bio-containment and bio-exclusion. The practice of measures to prevent
diseases causing organisms from going alles into a Poultry farm is known as bio-exclusion,
while bio - contaminant is the use of measures to prevent the spread of diseases from an
infected poultry farm to a nearby poultry farm. Similarly, the same classification was
adopted by [8], but the word "bio-confinement" was used instead of "bio-containment"
However, [9] classified bio-security into three categories; isolation traffic control, and
sanitation. In a different view, [10] classified bio-security into segregation, cleaning, and
disinfection. Itis evident from the above categorization and classification that bio-security
is of two fundamental principles, avoiding the entry of the disease-causing agent (bacteria,
fungi, and viruses) into the farm and preventing the spread of diseases from an infected
farm to the neighbouring farms [11].

According to [12], the practice of bio-security on poultry farms ranges from simple
cleaning and disinfecting of poultry farm premises. Bio-security has been found to play
an irreplaceable role in the prevention of poultry diseases, and improving poultry farms'
productivity [13]. According to [14], most poultry egg farmers in South West Nigeria had
inadequate levels of bio-security management, with a poultry illnesses management index
of 27%, which substantially impacted the farmers' profit efficiency. [15] reported that
effective biosecurity in poultry farms will assist in the improvement of the health status of
poultry birds flock, poultry farmers, and consumers. It also reduces the economic
performance of poultry farms. The author also affirmed that high vaccines failure in
Nigeria is associated with poor storage as a result of epileptic power supply emphasizing
the need for biosecurity as the alternative measure of diseases control in poultry farms.
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Against this background, this study assesses the use of biosecurity among selected poultry
farms in Osun state, Nigeria.

MATERIAL AND METHODS

Study area

The study area is Osun State, Nigeria. Osun State widely called “Osun” (pronounced;
"O'Shoon") is an inland state in south-western Nigeria. Its capital is Osogbo. Its borders
are as follows: Kwara State to the north; Ekiti State and Ondo State to the East; Ogun State
to the South; and Oyo State to the West. Osogbo, the capital of Osun, is located 47 km?
north and 4°34' east of the coordinates. The city has 156,694 residents, according to the
2006 Population and Housing Commission Census. Osogbo is centrally located, making
it easily accessible from anywhere in the state. It shares boundaries with Ikirun, Ilesa, Ede,
Egbedore, and Iragbiji. The approximate distances are 48 km from Ife, 32 km from Ilesa,
46 km from Iwo, 48 km from Ikire, and 46 km from Ila-Orangun.

Population of Study
Osun State's poultry farmers make up the study's population.

Sampling Procedure and sample size

A multi-stage sampling technique was employed in the selection of a representative
sample for the study. Osun State is delineated into three agricultural zones by the Osun
State Agricultural Development Programme (OSSADEP) Iwo, Osogbo, and Ife/Ijesha
Zones. Iwo, Osogbo, and Ife/ljesha Zones are made up of seven (7), thirteen (13), and
eleven (11) local government areas (LGAs) respectively. Stage one involved the purposive
selection of Osogbo Zone, from the three ADP Zones in the State due to the high
concentration of poultry farmers. Stage two involved random selection of three (3) local
government areas from the eleven (13) local government areas in the zone. Stage three
involved random sampling of 30 poultry farmers from each of the three (3) selected LGAs
to make a total of 90 poultry farmers as the sample for the study.

Method of Data Collection
Primary data were collected for the study. Data were obtained from field survey with
the use of well-structured interview schedule administered to the respondents.

Validation and Reliability of Instrument

The reliability of the study data instrument was carried out to test the consistency of
the research instrument. The structured interview schedule was pre-tested in selected local
government areas outside the Osogbo agricultural zone. The pre-test helped identify faulty
questions and ambiguous statements. Necessary modifications and adjustments were made
based on the experience gained from the field.

Measurements of variables

Bio-security scores: Bio-security is the sum of all activities undertaken by an
individual poultry farmer to minimize the risk of spreading of infectious diseases into farm
areas. Bio-security scores were computed a checklist (Table 1). Thirteen (13) risk
assessment items (Table 1) were used, with a maximum score of 36.


https://en.wikipedia.org/wiki/States_of_Nigeria
https://en.wikipedia.org/wiki/Nigeria
https://en.wikipedia.org/wiki/Osogbo
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The higher the bio-security scores of a poultry farmer, the better the level of bio-security.
Following [16] and [3], scores were awarded as 0, 1, 2, and 3 for each of the items. Zero
(0) is the lowest score for each for each risk item, while 1 and 2 is a moderate score, and
3 is a high score. The aggregation of the scores from each of the risk items constitutes the
aggregate bio-security scores for the individual poultry farmers.

Table 1. Indicators of biosecurity measures

S/Nos Indicators Definition (please tick)

1. Regular clearing of | Bush is not around the poultry buildings ()
poultry surroundings Bush is within 100m of the poultry buildings ()
Bush is within 50m of the poultry buildings ( )
Bush is very close to the poultry buildings ()

2 Adequate light for Pen is well illuminated ( )

birds Pen is moderately illuminated ()
Pen is partly illuminated ()

Pen is not illuminated ()

3 Quarantine of new New birds are quarantined before introduction ()
birds New birds are quarantined on the farm outside pen ()
New birds are quarantined on the farm inside pen ()
New birds are not quarantined ()

4 Physical security The is maximum security ()
The is moderate security ()
The security is not enough ( )
There is no security ()

5 Bury/burning of dead | Dead birds are buried/burned immediately ()
birds Dead birds are buried/burned after few days ()
Dead birds are buried/burned after a week ()
Dead birds are not buried/burned ()

6 Regular vaccination Birds are vaccinated regularly ()
of the birds Birds are vaccinated randomly ()
Birds are vaccinated occasionally ()
Birds are not vaccinated atall ()’

7 Isolation of infected Sick birds are isolated immediately ()
birds Sick birds are isolated after some days ()
Sick birds are isolated after a week ()
Sick birds are treated in the pen ()

8 Regular pen Pens are disinfected daily ()

disinfection Pens are disinfected weekly ()
Pens are disinfected monthly ()
Pens are disinfected annually ()

9 Packing of the litters Litters are packed daily ()

on a regular basis Litters are packed weekly ()
Litters are packed monthly ()
Litters are packed annually ()

10 Local Environment: The farm is far from a public road and others farms more
distance from road to | than 300m ( )
farm Either other farm or public road are located within

100<300m ()

Either other farm or public road are located within
50<100m ()

Both other farm and public road located with SOm ()
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Contin. Table 1.

11 Different types of Only one type of poultry in the farm ()
poultry in farm A few types of poultry in the farm, kept in separate
housing ()

A few types of poultry in the farm, free range ()
Various type of poultry around the poultry sheds ()

12. Sources of water Clean water from dugs well (underg.)/artesian well ( )
Clean water from rain water and uncontaminated ()
Sources: surface water (river, pond) to be treated, e.g.
chlorine ()

Sources: surface water without treatment ()

13. Sources of feed Feed provided by the company (commercial feed) ()
Formulation of feed mixed at the farm using machinery
(mini feed mill) ()

Mixed feed formulated by the farmers ()

Mixed feed without special formulation ()

Source: Adapted from [16] and [3].

Age: This indicates the number of years that the respondent had lived.

Marital status: The respondent was asked to indicate if single, married, divorced,
separated or widowed.

Household size: respondents were asked to indicate number of dependents who feed
in the same pot with them.

Family size: respondents were asked to indicate number of their family members.

Religion: respondents were asked to indicate their religion whether as Muslim,
Christian, African traditional or atheist.

Educational qualification: were measured in terms of the level of their education
that is the level they have acquired in formal education.

Primary occupation: lists of occupation were given to the respondents to pick their
primary occupation.

Secondary occupation: respondents were asked to indicate their secondary
occupation from the listed options.

Farming experience: The respondents were asked to state their years of experience
in farming activities.

Flock size: The respondents were asked to indicate the number of their flock including
layers, cockerel and broilers.

Management practices: The respondents were asked to state the management
practices employed in their respective farms.

Method of data analysis

To achieve the objectives of the study earlier stated, descriptive statistics such as
mean, frequency, percentage, ranking, and ordinary least squares regression analysis were
used for data analysis.
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Model specification

The significant variables influencing the use of bio-security measures among the
poultry farmers was analyzed using multiple linear regression model. The linear regression
model is specified as follows;

Y= Bo + BiXit PoXo + BsXs + BaXs + BsXs + PeXe + et

Where: Y = Biosecurity control score measured as the total sum of scores obtained
from the number of biosecurity measures practiced by the individual poultry farmers on
their farms.

Xi= Age of the poultry farmer

X,= Years of formal education

X3= Years of poultry farming experience

X4= Years of awareness of biosecurity measures

Xs= Flock size

X = Extension visits

et = Error term

RESULTS AND DISCUSSION

Table 2 presents the socioeconomic characteristics of poultry farmers in the study
area. A significant majority of these farmers are men, with around two-thirds identifying
as male. This highlights a gender gap in the poultry farming sector within this sample,
revealing that women are underrepresented in this sector. This imbalance can often be
attributed to socio-cultural factors, where farming is traditionally viewed as a male-
dominated industry, especially in rural areas [17]. Encouraging more women to participate
could promote gender equality and lead to greater economic empowerment. However,
there are challenges such as limited access to resources, capital, training, and networks
that can make it tough for women to break into poultry farming or grow their businesses
[18]. The [17] has pointed out the various challenges women face in agriculture, including
restricted access to land and financial services. Additionally, [ 18] has highlighted the need
for policies that enhance women's access to education, credit, and land for agricultural
activities.

Most (78.9%) of the farmers are married. Only 6.7% are single, while the remainder

are either divorced, separated, or widowed. This high percentage of married farmers
suggests that family dynamics might play a crucial role in supporting farming operations.
Spouses often pitch in with farm work, childcare, or household management, which can
boost overall productivity.
The relatively small number of single farmers hints that family obligations might
significantly influence the choice to pursue farming, offering stability but possibly making
it tougher for younger, unmarried individuals to break into the field. According to the [18],
marital status can affect farming success, as a supportive family environment can lead to
better productivity on the farm.

The majority of poultry farmers are Christians, making up 53.3%, while Muslims
account for 44.4%, and a small 2.3% practice traditional worship. This religious diversity
among farmers suggests that poultry farming is a shared activity that bridges different
faiths and is widely accepted. This could be significant for community-based poultry
farming initiatives, where it's important to handle religious differences with care.
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In agricultural settings, religious beliefs can impact work ethics, community cooperation,
and the embrace of modern farming practices [19].

Most of the poultry farmers have between 14 to 20 years of formal education, making
up 42.4% of the group, while 13.3% have completed 7 to 13 years. On average, farmers
have about 9.6 years of formal education. This indicates that a good number of them
possess a moderate level of education, which likely helps them adopt modern agricultural
techniques and be more receptive to new practices. However, there’s still a notable
portion, 3.3% who only have a primary education, which might hinder their access to vital
technical information or financing options. This highlights the urgent need for targeted
training and educational programs, particularly for those with lower educational
backgrounds, to boost productivity and efficiency in poultry farming. According to [21],
education, especially through agricultural extension services, is essential for enhancing
farm productivity and ensuring the agricultural sector thrives.

A significant number of the poultry farmers have families that consist of 1 to 5
members (68.33%), while a smaller group has larger households with 6 to 10 members
(29.17%). The trend of smaller household sizes suggests that farming families might not
be relying much on their children for labour, which could lead to a greater reliance on
hired help or machinery. On the flip side, larger households may have more family
members pitching in with farm work, which could help lower labour costs. Additionally,
bigger families might face a greater demand for resources and access to essential services
like healthcare, education, and housing. According to [19], household size is tied to
economic factors, indicating that larger families may experience more financial strain,
while smaller households could enjoy a higher income per person.

A significant portion of the poultry farmers (35.6%) are involved in civil service, and
33.3% are working in artisan roles, leaving just 16.7% who consider farming their primary
occupation. This trend suggests that for many, poultry farming is more of a secondary
occupation, especially in urban or semi-urban areas. It appears that there’s not enough full-
time focus on agriculture, which might be limiting the sector's growth and innovation. The
[20] notes that many farmers in developing countries often have multiple income streams,
which helps them be more resilient but also makes them less likely to fully commit to
agricultural enterprises.

Layers are the most commonly raised poultry, representing 42.2% of the total, while
broilers make up 26.7%, and a mix of both types accounts for 31.1%. The strong emphasis
on layers suggests that egg production is a key part of the poultry sector in the study area.
By raising both layers and broilers, farmers can diversify their offerings, which helps them
adapt to the market's demand for meat and eggs.

This trend underscores the necessity for farmers to be flexible and adjust their operations
according to evolving consumer preferences and market prices.
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Table 2. Socioeconomic characteristics of the poultry farmers (n = 90)

Gender Frequency Percentage
Male 60 66.7
Female 30 333
Age (Years)
20-29 3 33
30-39 8 8.9
40-49 32 35.6
50-59 34 37.8
60-69 13 14.4
Mean 50.00 years
Marital status
Single 6 6.7
Married 71 78.9
Divorced 4 4.4
Separated 4 4.4
Widowed 5 5.6
Religion
Christianity 48 533
Islam 40 44 .4
Traditional worship 2 2.3
Years of formal education
1-6 3 33
7-13 12 13.3
14-20 38 42.4
Mean 9.60 years
Household size
1-5 82 68.33
6-10 35 29.17
11-15 3 2.50
Mean 5 persons
Primary occupation
Farming 15 16.7
Civil Service 32 35.6
Artisan 30 333
Trading 11 12.2
Others 2 2.2
Types of poultry kept
Layers 38 42.2
Broilers 24 26.7
Both 28 31.1
Management system
Deep litter 46 51.1
Battery Cage 25 27.8
Both 19 21.1
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Contin. Table 2.

Years of poultry farming experience
2-11 63 70.0
12-21 23 25.6
22-31 3 33
32-41 1 1.1
Mean 10.2 years
Flock size (Numbers of bird)
150-1000 79 87.8
1001-5000 9 10.0
5001-10,000 0 0.0
10,001-20,000 2 2.2
Mean 15,000 birds

Source: Field Survey, 2024.

Most of the poultry farmers, about 70%, have between 2 to 11 years of experience in
poultry farming, which shows that many are still relatively new to the field. This points to
an industry that's evolving, with farmers actively learning and adapting along the way. A
smaller group, around 25.6%, has 12 to 21 years of experience, while only a handful have
been in poultry farming for more than 20 years. In fact, just 1.1% of farmers boast 32 to
41 years of experience, suggesting that very few have been around long enough to fully
master the challenges or to have a comprehensive understanding of how poultry farming
has changed over the years. With an average of 10.2 years of experience, it seems that
most poultry farmers are in the "early to mid-career" stage, likely still honing their skills
and adjusting to new practices and technologies.

Most of the poultry farmers, about 87.8%, are operating farms with between 150 and
1,000 birds. This shows that the majority are engaged in relatively small-scale poultry
operations. It aligns well with the typical profile of smallholder farmers, who often deal
with various resource challenges, such as limited access to capital, technology, and
infrastructure. On the other hand, a smaller group of farmers, around 10%, manage
between 1,001 and 5,000 birds, hinting that there’s a handful of farmers starting to
transition into medium-scale operations, although they still represent a minority. Only a
tiny fraction, about 2.2%, have flocks ranging from 10,001 to 20,000 birds, which
indicates that large-scale commercial poultry farms are quite uncommon in this sample.
The lack of farmers with 5,001 to 10,000 birds suggests that mid-sized operations might
be scarce or still developing. The average of 15,000 birds likely skews higher due to the
presence of those larger farms in the sample, even though most farmers are small-scale.

Awareness and practices of biosecurity measures among the poultry farmers

Table 3 presents the distribution of poultry farmers according to how long they’ve
been aware of bio-security measures.

A significant majority, 71.1%, have been aware for just 1 to 10 years, which hints that
these measures have only recently started to catch their attention. On average, farmers
have been aware of bio-security for about 12.30 years, meaning that the typical poultry
farmer has had this knowledge for just over a decade. Only 25.6% of farmers have been
aware for 11 to 20 years, and a mere 3.3% have been in the loop for 21 to 30 years.
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This trend suggests that many poultry farmers are still catching up on bio-security
practices. Given that a large chunk of farmers (71.1%) have less than a decade of
awareness, it’s clear that more training and awareness programs could play a crucial role
in enhancing their understanding and practices regarding bio-security. The small
percentage (3.3%) of farmers with 21 to 30 years of awareness might imply that bio-
security hasn’t been a top priority in the poultry industry, highlighting the need for better
integration of these measures into long-term farming practices

Table 3. Distribution of the poultry farmers according to their awareness/practices
of bio-security measures

Years of awareness Frequency Percentage
1-10 64 71.1

11-20 23 25.6

21-30 3 33

Total 90 100

Mean= 12.30 years
Source: Field Survey, 2024.

Level of use of bio-security measures among poultry farmers

Table 4 shows the spread of bio-security scores among poultry farmers, providing
information on the bio-security measures they have in place. A significant portion of
farmers, about 71.1%, scored between 26 and 30, with an average score of 27. This points
to the fact that most poultry farmers are maintaining a moderate level of bio-security. The
smaller number of farmers scoring in the 31-35 range suggests that only a handful have
adopted the highest bio-security standards, while the larger group in the 20-25 range
indicates that some farmers are operating with lower bio-security practices. With an
average score of 27, it’s clear that bio-security is somewhat prioritized, but there’s
definitely room for improvement.

The fact that many farmers fall within the 26-30 score range shows that bio-security
is taken seriously by most, yet it may not be fully aligned with the best practices in the
industry. While measures like quarantining new birds, controlling farm access, and
disinfecting equipment are likely in place to some extent, there may still be gaps,
particularly in disease prevention and management. The notable number of farmers in the
20-25 range suggests that some are working with minimal or incomplete bio-security
measures, putting them at a higher risk for disease outbreaks that could jeopardize poultry
health and overall farm productivity.

Bio-security measures play a vital role in poultry farming, helping to ward off

diseases like avian influenza and Newcastle disease, which can spread like wildfire in
farms that aren't well-protected. Farmers with lower bio-security ratings are at a greater
risk of disease outbreaks, which can lead to significant financial losses [22].
There's a clear connection between improved bio-security and the financial health of
poultry operations. Farms that prioritize strong bio-security practices often see a drop in
costs related to disease outbreaks, including veterinary bills, bird losses, and production
hiccups [23]. The presence of farmers with lower bio-security scores highlights the need
for training programs that boost awareness and encourage the adoption of best practices.
Extension services could be instrumental in helping farmers grasp the importance of
various bio-security measures and how to put them into action effectively.
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According to the [22], it's vital to have effective biosecurity measures to stop
infectious diseases from entering and spreading in poultry. These measures involve
managing the movement of people and animals, keeping equipment sanitized, and
ensuring the farm is clean. The World Organization for Animal Health [23] states that
farms with strong biosecurity practices are more resilient against the economic and
productivity losses that can occur during disease outbreaks like avian influenza.[22] also
found that smallholder farmers often face hurdles in putting strict biosecurity measures
into practice due to limited resources, insufficient knowledge, and inadequate
infrastructure. This is reflected in the moderate biosecurity scores in the Table, which
show that while many farmers implement some biosecurity practices, fully adopting them
can be challenging. A report from the [24] highlights the importance of education and
extension services in boosting farmers' biosecurity knowledge and practices. Farmers with
limited access to these services often score lower in biosecurity, as seen in the 20-25 score
range.

Table 4. Level of use of bio-security measures among poultry farmers

Bio-Security Scores Frequency Percentage
20-25 24 26.7

26-30 64 71.1

31-35 7 2.2

Total 90 100

Mean score = 27
Source: Field Survey, 2024.

Multiple regression analysis results

Regression analysis of the variables influencing the practice of bio-security measures
by the poultry farmers in the study area is shown in Table 5. The R? has a value of 0.66.
The results show that the variables in the model account for around 66% of the variation
in the utilization of bio-security measures. Given the relatively high value, it may be
concluded that the model fits the data well. The Adjusted R? is 0.59 in value.
This further demonstrates the significance of the factors under study, this value maintains
a high fit even after accounting for the number of predictors in the model. The F value is
13.23 and statistically significant at 1% level (p-value < 0.01), indicating that the model
as a whole is statistically significant and that the factors analyzed do contribute to
explaining the variation of in the use bio-security measures.

The age of poultry farmers does not have a significant effect on their use of biosecurity
measures. This is backed up by a high p-value of 0.400, which exceeds the standard
significance level of 0.05, indicating that age is not a major factor in adopting these
practices. While age may not directly affect a farmer's willingness or ability to implement
biosecurity, other factors like education and experience might carry more weight.
Although older farmers could be less inclined to adopt new practices, in this case, age does
not appear to be a significant determinant.

Years of formal education has a strong and positive influence on farmers’ use of
biosecurity measures. With an impressive t-value of 16.66 and a p-value below 0.01
(0.000), this factor plays a significant role in how biosecurity is practiced among the
farmers. It seems that the more educated someone is, the better they are at putting
biosecurity measures into practice.
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Education really drives the adoption of best practices, including those related to
biosecurity. Farmers who have higher education levels tend to be more aware of the
importance of biosecurity and are better equipped to implement the necessary steps.
Similar conclusions were drawn by [18], highlighting how crucial education is for raising
awareness about agricultural practices and biosecurity.

Poultry farming experience plays a crucial role in how well farmers practice
biosecurity measures. With a high t-value of 11.31 and a p-value of 0.000, this factor has
a significant effect. Farmers who have spent more years in the field are usually better at
implementing effective biosecurity practices. Their experience helps them understand the
various risks tied to poultry farming, like disease outbreaks. Consequently, these seasoned
farmers are more inclined to take steps to prevent illness and keep their farms healthy. As
noted by [21], those with more experience tend to be more proactive in embracing
improved practices, based on their knowledge of the farming landscape and the associated
risks [26].

The number of years a farmer has been aware of bio-security measures does not
affect how they use those measures, as shown by the p-value of 0.692, which is well above
the 0.05 significance threshold. Even if farmers have known about bio-security for a long
time, it does not mean that they have put these practices into action effectively. Simply
being aware is not enough to motivate farmers to adopt bio-security measures. Other
elements, like access to resources, proper training, or incentives, might play a bigger role
in turning that awareness into real action.

Flock size does not play a big role in how bio-security measures are used, as shown
by the p-value of 0.669. Larger flock size does not mean that the bio-security practices
will be any better or worse. The fact that it is not significant indicates that the size of the
poultry operation does not directly influence whether bio-security measures are adopted.
Smaller farms can be just as likely to implement these measures as their larger
counterparts. This suggests that things like education, experience, and outside support
might matter more important than the size of the farm itself.

The number of extension visits has a negative influence on the practice of bio-
security measures, as highlighted by a p-value of 0.000. The negative coefficient of -0.089
suggests that, rather unexpectedly, an increase in extension visits may not be effectively
encouraging bio-security practices. One interpretation could be that extension services are
not sufficiently focused on bio-security or may not be effectively reaching farmers.

Table 5. Results of multiple regression analysis

Variables Coeffi | Standard t-value Probability
cient error

Age (X1) 0.002 0.006 0.40 0.400
Years of formal education (X2) 0.110 0.006 16.66 0.000***
Years of poultry experience (X3) 0.147 0.013 11.31 0.000***
Years of awareness of bio-security | -0.006 0.016 -0.40 0.692
measures (X4)
Flock size(Xs) -7.16e-06 0.000 0.43 0.669
Extension visits (Xe) -0.089 0.022 -4.30 0.000%**
Constant 1.883 0.355 5.31 0.000

R%=0.66, Adjusted R?>= 0.59, F value= 13.46 *Significant at 1% level,
Source: Data Analysis, 2024.
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Alternatively, farmers might be getting extension visits that emphasize other farming
areas, such as crop cultivation or general management, instead of bio-security. There could
also be issues with how extension services communicate bio-security measures or the
quality of these visits.

CONCLUSIONS

The poultry farming industry in the study area shows a mix of average educational
achievement and a heavy reliance on family support. Nonetheless, there is a distinct need
for better integration of bio-security practices, especially through enhanced education and
improved extension services. Also, gender imbalance and the prevalence of small-scale
operations create additional challenges. Thus, the following are recommended;

1. There is a need to promote women involvement in poultry farming through the
implementation of policies and initiatives that will encourage them, especially in access
to resources, training, and financial support.

2. Extension services should be revised and improved to focus on biosecurity practices,
and make them reach the poultry farmers promptly and effectively.

3. Poultry farmers with low educational background should be trained to boost their
capacity to adopt biosecurity measures.

4. Poultry farmers should be supported to facilitate their transition from part-time to full-
time poultry farming by giving them access to capital, resources, and training.
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ISPITIVANJE SOCIO-EKONOMSKIH FAKTORA I PRAKSI BIOSIGURNOSTI
IZMEDPU UZGAJACA ZIVINE U DRZAVI OSUN, NIGERIJA
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Apstrakt: Industrija zivinarstva suocava se sa znacajnim izazovima uzrokovanim
bolestima, §to naglasava vaznost biosigurnosti u zastiti farmi.

Ovo istrazivanje analizira socio-ekonomske karakteristike i prakse biosigurnosti
izmedu uzgajivaca zivine, pri cemu otkriva izrazenu rodnu neravnotezu, -vecina farmera
su muskareci, §to ukazuje na ogranic¢eno ucesce Zena u Zivinarstvu.

Vedina uzgajivaca je u braku, a porodi¢na podrska ima klju¢nu ulogu u poslovanju.
Farmeri uglavnom imaju srednji nivo obrazovanja koji im omoguéava sprovodenje
biosigurnosnih mera, a ve¢ina se bavi malim obimom proizvodnje, sa 150 do 1.000 jedinki
zivine, 1 poseduje izmedu 2 i 11 godina iskustva u Zivinarstvu.

Ipak, iako uzgajivaci poseduju osnovno razumevanje biosigurnosti, mnogi nemaju
dovoljno prakti¢nog iskustva, §to ukazuje na potrebu za dodatnom obukom i podizanjem
svesti.

Rezultati regresione analize pokazuju da obrazovanje i iskustvo pozitivno uticu na
usvajanje biosigurnosnih praksi, dok ucestalost poseta poljoprivrednih savetodavaca ima
negativan uticaj na njihovu primenu.

Poboljsanje obrazovanja, ciljane obuke i unapredenje pristupa savetodavnim
uslugama mogli bi znac¢ajno doprineti ve¢em prihvatanju biosigurnosnih mera, ¢ime bi se
povecala produktivnost i odrzivost proizvodnje na zivinarskim farmama .
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MULTI-HEAT SOURCE CROP DRYER
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Abstract: Post-harvest losses pose a major threat to food security, often resulting
from improper handling and preservation of agricultural produce. Drying is a critical
preservation technique that reduces moisture content to maintain product quality, extend
shelf life, and enhance ease of transportation. Although sun-drying remains a cost-
effective and widely accessible method for rural farmers, it frequently compromises
product quality, motivating the development of improved drying technologies. This study
presents the design and performance evaluation of an indigenous multi-heat-source crop
dryer equipped with a continuous airflow system powered by heat energy. The dryer was
tested using plantain and sweet potato, with cooking gas and kerosene as heat sources, and
compared against traditional sun-drying. Data collected included moisture loss, drying
time, drying temperature, and environmental parameters such as ambient temperature and
relative humidity. Statistical analysis conducted using R software revealed no significant
differences in moisture loss among treatments; however, the drying period varied
significantly. The mean moisture loss ranged from 0.30 kg to 0.32 kg for plantain and from
0.31 kg to 0.32 kg for sweet potato, while the drying time ranged between 90 minutes and
720 minutes for bananas, and 90 minutes to 840 minutes for sweet potato. The dryer
achieved higher drying rates and greater efficiency when using gas and kerosene compared
to sun-drying. Sun-dried samples exhibited greater color variation due to prolonged
exposure.

Overall, the multi-heat-source crop dryer effectively reduced drying time, maintained
product quality, and utilized readily available fuel sources, offering a practical and
sustainable solution for reducing post-harvest losses.
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INTRODUCTION

Postharvest management practices are critical for maintaining the quality of
agricultural products, minimizing losses, and ensuring cost-effectiveness [1], [2]. Fresh
fruits and vegetables, which have a high moisture content (approximately 80%), are
particularly perishable and prone to rapid deterioration if not handled properly [1], [3],
[4]. Food processing plays a vital role in extending the shelf life of agricultural products
and reducing waste, especially for highly perishable commodities. For instance, fruits such
as mangoes, citrus, and pineapples are commonly processed into juices to enhance
preservation [5], [7]. Preventing food waste is essential for achieving sustainable food
security.

Drying is one of the oldest and most widely used methods of food preservation. It
reduces moisture content, inhibits microbial growth, enhances shelf life, and facilitates
transportation and handling [3], [4], [6]. Drying processes are energy-intensive,
accounting for 10-25% of total energy consumption in the global food processing industry
[8 - 11]. Modern drying techniques, however, are increasingly designed to optimize energy
use while maintaining product quality. The quality of dried products depends on the
physical and structural changes that occur during moisture removal, which influence
handling characteristics and stability under various environmental conditions [3], [4], [12],
[13]. These outcomes rely heavily on the use of efficient drying techniques.

Traditional methods such as open sun-drying, although cost-effective and widely used
by rural farmers [14], often result in substandard product quality due to contamination,
discoloration, microbial spoilage, and non-uniform drying [15], [16]. Consequently,
modern drying technologies-including solar dryers, thermal energy systems, and
controlled electric dryers-have been developed to significantly improve drying efficiency
and product quality while reducing postharvest losses [6], [12].

Nigeria faces serious challenges related to food insecurity, with substantial quantities
of food lost annually. These losses are linked to several factors, among which inadequate
postharvest management and poor storage practices are major contributors to food
deterioration and wastage [5], [7]. High costs of imported dryers, unstable electricity
supply in rural areas, and limited technical expertise have been identified as key
constraints to effective postharvest management [7], [17]. In response to these challenges,
various types of dryers powered by solar energy have been developed and evaluated [6],
[13], [18], with the aim of reducing postharvest losses and improving drying efficiency.
Similarly, in this study, an indigenous dryer using kerosene and domestic gas (methane)
as heat sources was developed from locally available materials.

The dryer is user-friendly, requires minimal technical expertise, and incorporates key
design features such as a continuous-flow drying system, exhaust outlets, and isolated
heating chambers to ensure uniform drying without direct contact between the heat sources
and the products.

The primary objective of this study was to design, fabricate, and evaluate an
indigenous multi-heat-source crop dryer that meets the needs of rural farmers by providing
a practical, cost-effective, and sustainable solution for preserving perishable agricultural
products.
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Experimental location

The fabrication of the Indigenous multi-heat source crop dryer was done at the Faculty
of Technology Welding Workshop, Faculty of Technology, University of Ibadan (UI),
Ibadan, Nigeria while the evaluation was performed at the Department of Agronomy,
Faculty of Agriculture, in the same University.

Description of the indigenous crop dryer

The dryer was made detachable into upper part (drying chamber) made of stainless-
steel plate and lower part (heating chamber) made of galvanized steel plate. The total
height was divided into 60 cm (up) and 40 cm (down). The length and breadth were 50 x
50 cm. The following are the component parts of the dryer.

Heating chamber: This is the lower part of the dryer where heat is supplied to the
dryer to raise the temperature of the ambient air in the air manifold.

Air manifold: It is attached to the drying chamber and this is where the ambient air
temperature is raised to the required drying temperature for the removal of moisture from
the product in the drying chamber. It was equipped with pipes on both sides to facilitate
inward movement of air.

Drying chamber: This is the upper part of the dryer made of stainless steel. It is
where drying process takes place and equipped with two mesh trays on which produce for
drying are arranged. The external part was padded with plywood to prevent loss of heat
by convention. It also prevents direct exposure to external cooling by humidity and
moisture.

Exhaust point (vent): These are the openings located on the top of the drying
chamber to enhance the escape of humidified air from the chamber in order to prevent
condensation and re-dampening of the product.

Principle of operation

The dryer operates on the principle of convective heat transfer, utilizing a controlled
airflow system to facilitate moisture removal from agricultural produce. The air manifold
at the base of drying chamber was equipped with pipes on both sides designed for the
inward movement of ambient air. This configuration ensures that the heat source does not
come into direct contact with the product, thereby maintaining product quality and
preventing scorching.

The incoming air is heated by the selected heat source (cooking gas or kerosene), and
the resulting hot air is directed into the drying chamber. The heated air passes over the
produce, which is arranged on a mesh tray to allow free and uniform flow of air across the
material surface, thereby enhancing moisture evaporation.

To prevent condensation within the drying chamber, an upper vent is incorporated to
allow the continuous escape of humidified air. This design maintains efficient drying
conditions by avoiding moisture buildup within the chamber.
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Figure 1. Isometric view of the multi-heat source crop dryer
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Figure 2. Annotated drawing of the indigenous multi-heat source crop dryer
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Plate 1. Fabricated indigenous multi-heat-source crop dryer

Experimental design

The experimental design followed a Completely Randomized Design (CRD) in a 3x2
arrangement, representing three drying methods, two test crops and replicated three times.
The treatments included sun drying, kerosene stove drying and gas cooker as heat sources
using the dryer. The test crops; plantain and sweet potato, were selected for their
importance in food security in Nigeria. However, these crops are highly susceptible to
significant post-harvest losses due to their perishable nature and improper handling.

Sample preparation

The test crops were sliced into thin layers (0.5 - 1 cm) to enhance drying and arranged
on a mesh tray inside the drying chamber. For each replicate, 0.5 kg of a test crop was
prepared and dried in the dryer using a heat source. The experiment was carried out for
each of the test crops using each of the heat sources. Drying temperature was monitored
using a dry-bulb mercury thermometer and regulated to a preferred range (Table 3) by
adjusting the flame intensity of the burner. A 3 kg gas cylinder and a kerosene stove were
used as sources of heat energy. The heating chamber was monitored to prevent excessive
heat buildup. The duration of drying using the dryer and sun-drying were recorded, along
with the environmental conditions.

Data collection

e Ambient air temperature: This is the dry-bulb temperature of the ambient air
which is considered as environmental temperature using a thermometer in degree
Celsius (°C).

e Relative humidity: This is the amount of moisture present in the atmosphere
using estimated value of weather forecast of the location was recorded in
percentage (%).

e Drying temperature: This is the internal temperature of the dryer taken by place
the thermometer through the exhaust point in degree Celsius (°C).

e Drying duration: This is the time taken to reach a constant weight in minutes
(mins.).
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e  Moisture loss: This is the change in the weight of the material over time after
drying to constant weight with the use of weighing balance in kilogram (kg).

Moisture loss (AW) = W; — W

Where;

AW is the change in weight,
Wi s the initial weight while
Wt s the final weight.

Statistical analysis

All data were analyzed using Analysis of Variance (ANOVA) in R software version
4.4.1, and mean separation using Duncan Multiple Range Test (DMRT) was performed
to test for significant differences.

RESULTS AND DISCUSSION

Table 1. Table showing the interactions between the drying methods and the test crops

Plantain Sweet potato
Source of Moisture loss Time taken Moisture loss Time taken
variation
df 2 2 2 2
f. cal 0.1982 7450.87 1.05 23708.4
Prob >f 0.8254 <0.0001 *** 0.4064 <0.0001*%**

Prob >f: 0.0001*** (highly significant)

Table 1 showed analysis of variance of result gotten from the drying process.
There is no significant difference in term of moisture loss but a high significant difference
was observed in the time taken. The drying of both plantain and sweet-potato with the
dryer using different heat sources (cooking gas and kerosine) produced a well dried
material without damage, contamination, burnt surface and odour within a period less than
2 hours for the whole replication. The direct inflow of air into the air manifold and the
raising of the temperature aids the quick removal of the moisture. With the provision of
exhaust point on the top of the dryer, the humified air were forced out of the drying
chamber to maintain a continuous air flow during the process. Similar to the result of [18],
[19], using solar energy for the multipurpose dryer, it takes 2 days or more for the test
crops to be fully dried. In their result a fall in temperature was observed in the night which
led to the reabsorption of moisture by the product. Hegde et al. (2015) reported that, the
maximum ambient air and outlet air temperatures of a solar dryer for bananas were 34 °C
and 45 °C, respectively. These temperature variations were attributed to fluctuations in
solar energy throughout the day and the inability to control environmental factors such as
air velocity and relative humidity which influence effectiveness of solar energy [20]. This
limitation can adversely affect the drying process, particularly during prolonged periods
of rainfall or cloudy weather.
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Unlike sun drying, with the estimate of 4 hours per day, when the sun is at high
intensity, to achieve a perfect weight of the dried product, it took 3 days for plantain and
4 days for sweet-potato to be fully dried. This is expected as it is impossible predict the
relative humidity, the intensity and duration of the sun shine [8], [18], [20]. Though, it is
a cheap source of energy but exposure to varying moisture condition, discoloration and
contamination by dust reduces the quality and general acceptability of the product [16].
For a perfect drying process, it is important to maintain constant rate of dying within a
short period of time to enhance productivity and quality.

Table 2. Showing the drying efficiency of the indigenous crop dryer
using different heat sources compared with sun drying

Treatment Moisture loss (kg) Time taken (min)
Plantain Sweet potato Plantain Sweet potato
Sun-drying 0.3a 0.32a 720a 840a
Kerosene 0.31a 0.32a 107.3b 115b
Gas 0.31a 0.31a 94.3b 105b

Note: Means with the same letter are not significantly different

Table 2 showed the drying efficiency of the Indigenous multi-heat dryer with
different drying methods. Similar to the analysis of variance, moisture loss is uniform for
all the drying methods while the time to achieve a perfect weight of the product showed a
significant difference for both plantain and sweet potato. This showed that, under natural
condition using sun drying, the rate of moisture removal from the product is very slow and
varied between the test crops [10], [20]. The structure and textural class of plantain and
sweet potato differs from one another which determines the rate of water loss. Using the
dryer with a regulated and ideal temperature range of 65-70 and 70-80 (Table 3) for
plantain and sweet potato respectively, the drying process falls between 2 hours with
moisture losses of similar values. This indicated that, with a controlled and regulated
temperature, both test crops can be fully dried within a short period of time. According to
table iii, the environmental factors like ambient air temperature and humidity have less
impact on the drying process using the dryer whereas in sun drying, the environmental
factors determine the rate of drying and can prolong the drying period [20]. As seen in
plates 2 and 3, the colour of the sun-dried product appeared dusty and whitish as a result
of long exposure and reabsorption of moisture. Also, black patches were observed
resulting from non-uniform drying per time.

Plate 2. Dried Plantain samples Plate 3. Dried Sweet potato samples
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Table 3. Drying and environmental condition during the drying process for plantain

Parameters Kerosene Gas Sun-drying
Replication I I 1 I I 1 I I 1
Ambient. air | 5 30 37 29 34 33 | 2936 | 29-36 | 29-36
temp. (°C)

iﬁfl)'hum' 25 20 18 32 16 16 1520 | 1520 | 15-20
0

Drying 65-70 | 65-70 | 65-70 | 70-80 | 70-80 | 70-80

temp. (°C)

Time (min.) | 120 100 102 100 90 90 720 720 720
Initial

woisht (ke) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
fﬁ‘gli‘lwe‘ght 0.197 | 0.183 | 0204 | 0.185 | 0.194 | 0.200 | 0.195 | 0.195 | 0.201

Table 4. Drying and environmental condition during the drying process for sweet potato

Parameters Kerosene Gas Sun-Drying

Replication | I I I I I I I |

Ambient air | 34 33 34 36 32 29-36 | 29-36 | 29-36
temp. (°C)

?,/el)'hum' 32 16 16 15 14 18 1520 | 1520 | 15-20
0

Drying 70-80 | 70-80 | 70-80 | 70-80 | 70-80 | 70-80

temp. (°C)

Time (min.) | 100 90 90 115 115 120 840 840 840
Initial

weight (k) | 3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
fﬁg‘lwe‘gm 0.185 | 0.194 [ 020 |0.190 |0.192 | 0.180 | 0.177 | 0.178 | 0.192

Table 3 and 4 showed the parameters measured for different drying methods. Ambient
temperature and relative humidity for sun-drying were estimate in accordance to the time
when the sun is out with high intensity. This limits the time of drying to approximately 4
hours per day to prevent drop in temperature and increase in the humidity. Solar energy
(sun-drying) is difficult to quantify and its temperature cannot be controlled to achieve the
desired drying conditions [18], [20]. As a result, the drying process takes considerably
longer compared to other methods under consideration.

Using the dryer, the drying temperature was checked and regulated with thermometer
to 65-70 and 70-80 for plantain and sweet potato respectively [3] to avoid cracking and
loss in quality. This helped to maintained continuous drying process within the time. It
was observed that a slight changes in the relative humidity and ambient temperature
caused a small difference in the time taken. Although the variation was not significant but
it revealed that the environmental condition can have impact both positively and
negatively as seen in the result of [18] and [19].
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Adverse weather condition can be detrimental over a long period of time as it possible
to cause increases in the time taken require to raise the temperature of the ambient air to
drying temperature.

CONCLUSIONS

The development and testing of the indigenous multi-heat crop dryer have shown
that agricultural produce can be efficiently dried within a short period using various heat
sources.

While sun drying is cost-effective, it is limited by unpredictable weather conditions,
making it difficult to ensure consistent drying and exposing the products to potential
contamination from insects and dust.

The use of different heat sources in the indigenous multipurpose dryer has
demonstrated its efficiency and versatility, enabling effective drying with locally available
fuels such as cooking gas, kerosene, and charcoal. This affordability makes it particularly
accessible for rural farmers, especially in areas where power supply is unreliable or absent.
By employing local heat sources, the dryer can significantly reduce post-harvest losses of
perishable produce. Additionally, gas is more environmentally friendly, generating
minimal fumes, and is well-suited for larger-scale operations. Gas burners, with their wide
flame circumference and high-pressure output, promote efficient heat transfer, making
them ideal for commercial use.

Moreover, the dryer has the potential for future upgrades, including the integration of
electric heating coils within the air manifold and the attachment of fans to enhance airflow
during the drying process. It is recommended that future research focus on the shelf life
and quality of dried products over time. Additionally, further exploration into the potential
use of dried plantain and sweet potato flour in the production of cakes, snacks, and pastries
would be valuable.
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RAZVOJ I EVALUACIJA DOMACE SUSARE
POLJOPRIVREDNIH KULTURA SA VISE IZVORA TOPLOTE

Kolawole Peter Oladiran!, Olajide Ayodele Sadiku', Gift Chinonye Gbaruko?

!Department of Soil Resources Management, Faculty of Agriculture,
University of Ibadan, Nigeria

’Department of Crop and Horticultural Sciences, Faculty of Agriculture,
University of Ibadan, Nigeria

SaZetak: Gubici posle Zetve predstavljaju znacajnu pretnju za bezbednost hrane, a
Cesto nastaju kao posledica nepravilnog rukovanja i skladistenja poljoprivrednih
proizvoda.

Susenje je kljuéna tehnika konzervacije koja smanjuje sadrzaj vlage radi oCuvanja
kvaliteta proizvoda, produZenja roka trajanja i lakSeg transporta. Iako je susenje na suncu
ekonomicno i dostupno seoskim proizvodacima, ono ¢esto naruSava kvalitet proizvoda,
$to podstice razvoj poboljSanih novih tehnologija susenja.

Ova studija predstavlja prikaz dizajna i evaluaciju domace konstrukcije susSare za
odredene poljoprivredne kulture, sa upotrebom vise izvora toplote, opremljene sistemom
kontinuiranog strujanja vazduha koji koristi toplotnu energiju.

Susara je testirana na uzorku banana i batata (slatki krompir), pri ¢emu su kori$¢eni
gas 1 kerozin kao izvori toplote, a rezultati su uporedeni sa tradicionalnim su$enjem na
suncu.

Prikupljeni podaci obuhvatali su gubitak vlage, trajanje suSenja, temperaturu susenja
i uslove okoline kao §to su ambijentalna temperatura i relativna vlaznost vazduha.

Analiza izvrS§ena pomocu statistiCkog programa pokazala je da nije bilo znacajnih
razlika u gubitku vlage izmedu tretmana, iako je trajanje susenja znatno variralo. Prosecan
gubitak vlage iznosio je od 0,30 kg do 0,32 kg za banane i od 0,31 kg do 0,32 kg za batat
(slatki krompir), dok se vreme susenja kretalo u rasponu od 90 do 720 minuta za banane i
od 90 do 840 minuta za batat (slatki krompir). SuSara je ostvarila vecu brzinu susenja i
bolju efikasnost pri kori§¢enju gasa i kerozina u poredenju sa suSenjem na suncu. Uzorci
susSeni na suncu pokazali su vece varijacije u boji zbog duzeg izlaganja.

Sveukupno, suSara sa viSe izvora toplote uspesno je smanjila potrebno vreme susenja
(u odnosu na susenje na suncu), ocuvan je kvalitet proizvoda i upotrebljeni su lako
dostupni izvori energenata, nudedi prakti¢no i odrzivo reSenje za smanjenje gubitaka posle
ubiranja prikazanih poljoprivrednih kultura.

Kljuéne reci: Posle zetve, susenje, susara sa vise izvora toplote, ocuvanje
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Abstract. This study examined the level of usage of NSPRI postharvest technologies
among vegetable handlers in Lasoju Village, Kwara State, Nigeria. The research was
conducted in Lasoju Village, and the study population comprised all vegetable handlers in
the area. A multistage sampling procedure was employed to select 42 respondents.
Primary data were obtained using a well-structured questionnaire and interview guide. The
collected data were analyzed using descriptive and inferential statistical tools.

The results showed that the respondents had a mean age of 52.62 + 10.98 years and a
mean household size of 10.14 + 5.61. The majority were female (78.6%) and had no formal
education (87.5%). All respondents (100%) reported the availability of vegetable sheds
provided by NSPRI, while only 14.3% indicated awareness of the NSPRI vegetable
basket. Most respondents reported a high level of utilization of both the NSPRI vegetable
shed (85.7%) and vegetable basket (83.3%).

Limited capacity (Weighted Mean Score = 1.29) was identified as the major challenge
affecting the use of NSPRI postharvest technologies in the community.

The linear regression analysis revealed that education level (t = 2.728***) had a
significant positive relationship with the level of usage of NSPRI postharvest
technologies. Given the critical role of education in technology adoption, there is a strong
need for sustained advocacy and investment in quality education to enhance the effective
utilization of postharvest technologies, thereby improving productivity and returns on
investment.

Keywords: Vegetable shed, vegetable basket, handlers, postharvest technologies,
level of usage, NSPRI.
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INTRODUCTION

Background to the Study

Postharvest losses constitute a significant challenge to food security in Nigeria, with
an estimates indicating that between 20% and 35% of harvested crops are lost due to
inadequate handling, storage, and transportation practices [1, 2]. These losses not only
reduce the quantity and quality of food available but also have economic implications for
farmers and the agricultural sector at large. The adoption of postharvest technologies
(PHTSs) is crucial in mitigating these losses especially in Nigeria. However, the extent to
which handlers which comprises of farmers, traders, and processors utilizes these
technologies remains sub-optimal [3].

Nigeria's agricultural sector is predominantly characterized by smallholder farmers
who often lack access to modern postharvest technologies [4]. Research indicates that
while awareness of PHTs is relatively high, actual adoption rates are low. For instance, a
study in Ilorin metropolis, Kwara State, found that although 98.2% of grain traders were
aware of improved postharvest storage technologies, only 51.5% utilized those
technologies [5]. Similarly, in Katsina State, factors such as limited availability, high
initial costs, and labour intensity were identified as major constraints to the adoption of
tomato postharvest technologies [6].

Government and stakeholders in the agricultural sectors have, through research and
innovation develop strategies that help reduces losses. Despite the availability of various
postharvest technologies designed to reduce losses and improve food security, their
utilization among handlers in Nigeria remains low. This under-utilization is attributed to
several factors, including socio-economic constraints, limited access to credit, inadequate
training, and insufficient extension services. Understanding these factors is essential for
developing targeted interventions to enhance the adoption of PHTs and, consequently,
reduce postharvest losses. Against these backdrops this study seeks to appraise the level
of usage of NSPRI Postharvest Technology among vegetable handlers in Lasoju village,
Kwara State, Nigeria. The study objectives include: examine the socio-economic
characteristics of the respondents; identify the available NSPRI postharvest Technologies
in the study area; assess level of utilization of postharvest technology; and determine
challenges faced in the usage of NSPRI postharvest Technologies.

MATERIAL AND METHODS

Study Area: The study was carried out in Lajosu village in Asa Local Government

Area of Kwara State, Nigeria. It is located at an elevation of 316 meters above sea level
and its population amounts to 174,152 in National Population Census (NPC) [7].
Its coordinates are 8°22°0°N and 4°25’59°E in DMS (Degrees Minutes Seconds) or
8.36667 and 4.43333 (in decimal degrees). It is a tropical savanna, wet area. It is an area
known for vegetables production. Other major crops in the area include yam, cassava and
maize. The study area is dominated mainly by Yoruba people.

Population of the study: the population of the study includes all the vegetable
handlers in the study area.

Sampling procedure and sample size: A multistage sampling procedure was
employed to select 42 respondents for the study.
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The first stage involved purposive selection of Lasoju village since is one of the adopted
villages in Asa Local Government Area of Kwara State while the second stage involved
the random selection of four (4) cells out of the eight (8) cells in Lasoju village. The third
stage involved the proportional selection of forty two (42) respondents as the sample frame
for the study.

Source and type of data: Primary data were used for this study. The primary data
were obtained with the aid of a well-structured questionnaire.

Data analysis: The data collected were analyzed using descriptive statistics and
inferential statistics (Linear Regression model).

Measurement of variables: The level of usage of NSPRI postharvest technologies
was obtained using a 4-point Likert scale namely; always = 3, sometimes = 2, rarely = 1
and never = 0. The benchmark was obtained by adding 3+2+1+0 = 6 which is divided by
4 to give 1.5. Any mean score of 1.5 and above is high level of usage, otherwise low level
of usage (Author defined).

RESULTS AND DISCUSSION

Socio-Economic Characteristics of the vegetable processors

Table 1 presents the socio-economic characteristics of the vegetable handlers. The
results in Table 1 showed that 69.1 percent of the respondents were above 50 years of age,
19.1 percent of the respondents were between 31-40 years of age, 7.1 percent of the were
between 41-50 years n age while only 4. 8 percent of the respondents were between 20-30
years of age. The mean age of the respondents stood at 52.62+10.977 years. This implies
that the respondents are still in their economically active age and can be engaged in
vegetable processing activities. This finding is in tandem with the earlier study of [8] who
stated that individuals who are in active age group are highly productive in their
undertakings.

The results in the Table 1 showed that majority (78.6%) of the respondents were
female while only few (21.4%) were male. This finding indicated that vegetable
handling/processing is a female dominated business in the study area. This is similar with
the work of other authors [9] who claimed that cassava processing and vegetable
handling/processing enterprise is occupied by married people (especially the women).

Table 1 indicated that 64.3 percent of the respondents had between 6-10 members in
their households, 28.6 percent of the respondents had more than 10 members in their
households while only 7.1 percent of the respondents had between 1-5 members in their
households. Moreover, the average member of the households was found to be
10.14+5.607 indicating a very large household size.

Table 1 showed the distribution of respondents by educational level. It was indicated

that 57.1 percent of the respondents had no formal education.
However, 26.2 percent of the respondents had primary school education, 9.5 percent had
secondary education, 2.4 percent had tertiary school education while 4.7 percent of the
respondents had non-formal education. The finding vividly connotes the fact that most of
the respondents were not educated which could go a long way in influencing the level of
adoption of technology as related to vegetable handlings. It will be very difficult for a
farmer who cannot read to access agricultural information in print media.
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Table 1. Distribution of respondents by Socio-Economic Characteristics (n = 42)

Socio-Economic Characteristics Frequency Percentage
Age range (Years)
20-30 2 4.8
31-40 8 19.1
41-50 3 7.0
Above 50 29 69.1
Mean 52.62
S.D 10.977
Sex of the Respondents
Male 9 214
Female 33 78.6
Household size
1-5 3 7.1
6-10 27 64.3
Above 10 12 28.6
Mean 10.14
S.D 5.607
Educational level
No formal education 24 57.1
Primary school 11 26.2
Secondary school 4 9.5
Tertiary school 1 2.4
Non-formal education 2 4.7

Source: Survey, 2025.

Available NSPRI postharvest Technologies in the study area

Table 2 presented the distribution of respondents based on the availability of NSPRI
postharvest technologies in the study area. The result in the table 2 indicated that all
(100.0%) of the respondents indicated the availability of vegetable shed provided by
NSPRI in their area while only 14.3% of the respondents identified with the NSPRI
vegetable basket to handle their vegetable business. The finding therefore revealed that
vegetable shed constructed by NSPRI is readily available for the use of vegetable handlers
in the study area.
This finding is in tandem with the assumption of [ 10] who believed that access to improved
technologies will expose the end users to agricultural information and technology, which
will enhance productivity and improve household food security.

Table 2. Distribution of Respondents by available NSPRI Postharvest Technologies

in the Study Area
NSPRI Technology Frequency * Percentage
Vegetable shed 42 100.0
Vegetable basket 6 14.3

*Multiple Responses , Source: Survey, 2025

Level of utilization of NSPRI postharvest Technologies in Lasoju Village
Table 3 presented the distribution of respondents by level of usage of NSPRI
postharvest technologies in Lasoju village.
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The result in table 3 indicated that vegetable shed was the most widely utilized NSPRI
postharvest technologies in Lasoju village with a weighted mean score (WMS) of 2.64
while vegetable basket recorded the lowest level of usage score (WMS = 0.43). The high
usage score recorded by NSPRI vegetable shed in the study area may be connected with
the benefits derivable by its usage which probably would had encouraged the vegetable
handlers in constant use of the technology. Conversely, end users are more likely to make
use of a given technology which seems to have relative advantage over the existing
technologies. It must be mentioned that the level of usage of NSPRI postharvest
technologies among the vegetable handlers is a clear indication that they are highly
innovative. In tandem with this view, other scholar [11] opined that people with high
innovativeness traits possess powerful inherent inspiration when it comes to the use of
new technology as they cherish the excitement of trying the innovation.

Table 3. Distribution of Respondents by Level of Usage of NSPRI
Postharvest Technologies in Lasoju Village

NSPRI Technologies A S R N WMS Rank
Vegetable shed 33(78.6) | 3(7.1) 6(14.3) 0(0.0) 2.64 15
Vegetable basket 6(14.3) | 0(0.0) 0(0.0) 0(0.0) 0.43 ond

Keys: A = Always (3); S = Sometimes (2); R = Rarely (1); N = Not at all (0)
WMS = Weighted Mean Score
Source: Survey, 2025

Categorization of level of utilization of NSPRI postharvest Technologies

in Lasoju Village

Table 4 presented the distribution of respondents by categorization of level of usage
of NSPRI postharvest Technologies in Lasoju village. The result in table 4 indicated that
85.7 percent of the respondents used NSPRI vegetable shed on high level, about 4.8
percent of the respondents used NSPRI vegetable shed on moderate level while 9.5 percent
of them made use of the technology on a low level.

Moreover, for the vegetable basket, 83.3 percent of the respondents used the technology
on high level, about 16.7 percent of the respondents used vegetable basket on moderate
level while 0.0 percent of the respondents used vegetable basket on low level.

The level of utilization obtained in this study is higher than the value (51.1%) by [5] among
the grains traders in their study in Ilorin metropolis, Kwara State.

The study claimed that 98.2% of grain traders were aware of improved postharvest
storage technologies but only 51.5% utilized them. From the result of the current finding,
it was observed that both technologies are used on high level indicating the fact that those
technologies had been of help in addressing the past challenges associated with vegetable
handlings. The finding is a clear indication that NSPRI technologies had contributed to
reducing the postharvest losses especially in vegetable handling which further established
the fact that the institute is vigorously fulfilling her mandate and therefore serves as a
leading force in tackling and addressing the issue of agriculture postharvest losses.

This development will surely make investment in agricultural products a lucrative venture
at various stage of food value chain system thereby enhancing sustainable food
availability, accessibility, food safety which will invariably ensure adequate food security.
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Table 4. Distribution of Respondents by Categorization of Level of Usage
of NSPRI Postharvest Technologies

Categorization of Level of Usage of NSPRI Postharvest Technologies
NSPRI Technologies High Medium Low
Vegetable shed 36(85.7) 2(4.8) 4(9.5)
Vegetable basket 5(83.3) 1(16.7) 0(0.0)

Source: Survey, 2025

Challenges faced in the usage of NSPRI postharvest Technologies

Table 5 presented the distribution of respondents by challenges faced in the usage of
NSPRI postharvest Technologies in the study area. The challenges faced in the utilization
of NSPRI postharvest Technologies in Lasoju village in the rank order include limited
capacity (WMS = 1.29), lack of training (WMS = 1.21), high cost of maintenance (WMS
= 1.14), poor collaboration (WMS = 0.86), poor coordination (WMS = 1.00), high cost of
technology (WMS = 0.86), inadequate access to technology (WMS = 0.86) and technical
know-how (WMS = 0.57). Similarly, in Katsina State, factors such as limited availability,
high initial costs, and labour intensity were identified as major constraints to the adoption
of tomato postharvest technologies [6].

Table 5. Distribution of Respondents by Challenges faced in the Usage
of NSPRI Postharvest Technologies

Challenges VS S MS NS WMS Rank
Technical know-how | 3(7.1) | 6(14.3) 3(7.1) 30(71.4) 0.57 gth
Limited capacity 9(21.4) | 3(7.1) 21(50.0) | 9(21.4) 1.29 15
Poor collaboration 000.0) 92214 18(42.9) 15(35.7) 0.86 5t
Poor coordination 000.0) |[9(21.4) 24(57.1) | 9(21.4) 1.00 4th
High of cost 3(7.1) | 9(21.4) 9(21.4) 21(50.0) 0.86 5th
technology
Inadequate access to 4(9.5) | 8(19.1) 9(21.4) 21(50.0) 0.86 5th
technology
High cost of 0(0.0) | 15(35.7) | 18(42.9) | 9(21.4) 1.14 3rd
maintenance
Lack of training 3(7.1) | 12(28.6) | 18(42.9) | 9(21.4) 1.21 2nd

VS = Very Severe (3), S = Severe (2), MS = Moderately Severe (1), NS = Not Severe (0)
Source: Survey, 2025

From the result of the current finding, it was observed that the effects of the challenges
faced in the utilization of NSPRI postharvest Technologies in Lasoju village was below
average (cut-off point = 1.50) indicating that the challenges were not significant to
undermine the contribution of NSPRI postharvest technologies to overall development in
vegetable handling in the study area. This finding reiterated the formidable contribution
of NSPRI vegetable shed and vegetable basket in tackling and reducing postharvest losses
in vegetable handling thereby boosting the income of various stakeholders in the vegetable

value chain system.
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Hypothesis of the study
Influence of selected Socio-economic characteristics on the level of usage
of NSPRI postharvest Technologies

Table 6 showed the result of linear regression model showing the relationship between
selected socio-economic characteristics and level of usage of NSPRI postharvest
technologies in Lasoju community. It was revealed that educational level (t = 2.728%***)
was significantly related with the level of usage of NSPRI postharvest technologies. The
relationship was significant at 1% level indicating the fact that educational level is a strong
determinant of technology utilization which may be connected with the fact that education
brings reasonable exposure which often translates into high adoption rate of technologies.
This is corroborated by [12], that the attainment of education is essential for the assessment
of agricultural information intake or access by farmers. Conversely, other researchers [13]
have also observed that literacy aids access to information and adoption (utilization).

Table 6. Relationship between selected Socio-Economic Characteristics and Level of Usage
of NSPRI Postharvest Technologies

Variables B-Value Standard Error T-value P-Value
Constant 4.701 0.832 5.653 0.000
Household size 0.044 0.045 0.964 0.341
Educational 0.766 0.281 2.728%** 0.010
Level

R =0.407; R2=0.166; Adj. R2 =0.123; Standard Error of the Estimate = 1.388
*** Significant at 1% level
Source: Survey, 2025

CONCLUSIONS

Summary of Research Findings
It was established that 85.7 percent and 83.3 percent of the respondents used NSPRI
vegetable shed and vegetable basket respectively on high level implying that postharvest
technologies originating from NSPRI were highly utilized among the vegetable handlers
in the study area.

Based on the findings of this study, the following are recommended:

1. Since NSPRI technologies are usually delivered to adopted village with no cost, it
may not be able to address the issue of limited capacity. There is therefore need for donors
to collaborate by providing funds in order to upscale those technologies in order to satisfy
the needs of more beneficiaries.

2. NSPRI, government and organized private sectors should provide training
programs for beneficiaries of their technologies to improve their technical know-how so
as to improve the output thereby boosting their income level.
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PROCENA NIVOA KORISCENJA POSTZETVENIH TEHNOLOGIJA
NIGERIJSKOG INSTITUTA ZA ISTRAZIVANJE USKLADISTENIH
POLJOPRIVREDNIH PROIZVODA (NSPRI) IZMEDPU UZGAVJIVACA
POVRCA, LASOJA, DRZAVA KVARA, NIGERIJA
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Apstrakt: Cilj ovog istrazivanja bio je da proceni nivo kori§¢enja postZetvenih
tehnologija koje je razvila Nigerijska sluzba za razvoj i istrazivanje postZetvenih inovacija
(NSPRI) kod proizvodaca povréa, mesto Lasoj, savezna drzava Kvara, Nigerija.
Populaciju istrazivanja ¢inili su svi proizvodaci povréa na podrucju mesta Lasoju, dok je
viSestepenim postupkom uzorkovanja odabrano 42 ispitanika.

Primarni podaci prikupljeni su pomocu strukturisanog upitnika i vodi¢a za intervju.
Prikupljeni podaci analizirani su deskriptivnim i inferencijalnim statistickim metodama.

Rezultati su pokazali da ispitanici imaju prosecnu starost od 52,62 + 10,98 godina i
prose¢nu veli¢inu domacinstva od 10,14 + 5,61 ¢lanova. Veéinu su ¢inile Zene (78,6%)
bez formalnog obrazovanja (87,5%). Svi ispitanici (100%) su potvrdili dostupnost NSPRI
nacdina ¢uvanja povrca pod nadstreSnicom, dok je samo 14,3% bilo upoznato sa drugom
metod NSPRI, korpom za povrée. Vecina ispitanika izjavila je da u velikoj meri koristi
NSPRI metodu nadstresnice (85,7%) i korpu za povrée (83,3%). Kao glavni izazov u
koris¢enju NSPRI postzetvenih tehnologija, identifikovan je ograni¢eni kapacitet
skladistenja povrca (ponderisani srednji skor = 1,29).

Rezultati linearne regresione analize pokazali su da je nivo obrazovanja (t = 2,728**%*)
imao znacajan pozitivan uticaj na nivo koris¢enja NSPRI postzetvenih tehnologija.

Obzirom na vaznost obrazovanja kao kljucnog faktora u usvajanju tehnologija,
preporucuje se intenziviranje mera i programa koji podsticu sticanje kvalitetnog
obrazovanja. To bi doprinelo efikasnijoj primeni postzetvenih tehnologija, vecoj
produktivnosti i boljem ekonomskom povraéaju ulaganja.

Kljucne reli: NSPRI, postzetvene tehnologije, proizvodacii povréa, usvajanje
tehnologije, nivo obrazovanja, Nigerija.

Prijavljen:

Submitted: 13.10.2025.
Ispravljen:

Revised: 14.11.2025.
Prihvacen:

Accepted: 21.12.2025.



Univerzitet u Beogradu University of Belgrade

Poljoprivredni fakultet Faculty of Agriculture
Institut za poljoprivrednu tehniku Institute of Agricultural Engineering
Naucni ¢asopis Scientific Journal
POLJOPRIVREDNA TEHNIKA AGRICULTURAL ENGINEERING
Godina LI Year LI
Broj 1, 2026. No. 1, 2026.
Strane: 36 — 58 pp. 36 - 58

Original Scientific paper
Originalni naucni rad

DOI: 10.5937/POLJTEH26010361

ATTITUDE, KNOWLEDGE AND CONSTRAINTS ASSOCIATED
WITH THE CLIMATE SMART AGRO-PROCESSING
TECHNIQUES IN SIERRA LEONE
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Abstract: This paper examines the attitude, knowledge, and constraints associated with climate-
smart agro-processing techniques in Sierra Leone using binary logistic regression analysis. From
a list of 150 agro-processors, a simple random sampling technique was used to select 134
processors. Data were collected through a structured questionnaire, which was face validated
and demonstrated a reliability coefficient of 0.80.

Data were analyzed using the Statistical Package for the Social Sciences (SPSS), Version 26,
employing frequency counts, percentages, and binary logistic regression.

Findings revealed that most agro-processors are male, young, with no formal education, and
have from 5 to 10 years of operational experience. They exhibit low awareness and knowledge,
but a favorable attitude toward climate-smart agro-processing techniques. Radio, workshops,
and seminars were identified as the most common sources of information.

The most popular processed products include rice and rice-based products (41.8%) and cassava-
derived products (33.6%).

Significant predictor variables for attitude toward climate-smart agro-processing techniques
include: gender, age, education, business position, number of employees, years of operation,
types of economic activities, market orientation, access to financial support, information sources,
energy type, types of products, total by-products, and total number of agro-processing activities.
Significant predictor variables for knowledge of climate-smart agro-processing techniques
include: total by-product management, APCST constraints, APCST awareness, and APCST
use.These significant predictors highlight key intervention areas necessary for effective
application of agro-processing techniques aimed at promoting climate adaptation and mitigation.

Keywords: Climate-smart agro-processing, awareness, constraints, attitude.
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INTRODUCTION

Agro-processing companies contribute to GHG emissions from their direct energy use
(fossil fuels, electricity) and the broader supply chain, including raw material production,
Scope 1 (direct), Scope 2 (indirect from purchased electricity), and Scope 3 (indirect from
the entire value chain) according to Greenhouse Gas Protocol [1]. Agro-processing
contributes to greenhouse gas (GHG) emissions through energy consumption in factories,
waste generation, and emissions from pre- and post-production activities in the supply
chain.

GHG emissions from processing companies are primarily from energy use (burning fossil
fuels) and industrial processes (chemical reactions that transform materials), releasing
gases like €O, CH4, and N20. Greenhouse gases (GHGs) affect climate change
by trapping heat in the atmosphere, a process known as the greenhouse effect. The world-
total indirect emissions from energy use in cold chains were more than twice the direct
component from refrigerants as cold chains are essential components of agrifood system
activities, with household consumption and food processing represented the most
significant contributors to agrifood system emissions from cold chains [2].

Due to its location, fragile ecosystems, and reliance on climate-sensitive industries like
agriculture, Sierra Leone is especially vulnerable to the consequences of climate change.
Rising temperatures, prolonged dry spells, sudden flooding, and erratic rainfall have all
become more common in the nation [3].

Beyond agricultural output, the broader food system is impacted by climate change,
particularly the agro-processing industry, which is crucial to value addition, food
preservation, job development, and income generation. Agro-processing refers to the
physical, chemical, or biological transformation of raw agricultural inputs into semi-
processed or finished products. Common agro-processed products in Sierra Leone include
fruit juices, dried fish, palm oil, cocoa powder, milled rice, and gari and fufu derived from
cassava, which are essential products for ensuring food supply and nutritional security as
well as reducing post-harvest losses [4].

Climate-smart processing techniques focus on increasing agricultural productivity,
building resilience to climate change, and reducing greenhouse gas emissions. The key
mitigation practices to emission from agro-processing are improving energy efficiency,
transitioning to renewables, electrifying processes, sustainable supply chain practices
and adherence to ghg protocol standards [5]. Climate-smart agro-processing technologies
refer to a suite of innovations designed to minimize carbon emissions, enhance energy
and water efficiency, reduce waste, and improve product quality. Climate-smart agro-
processing technologies developed and available for adoption among agro-processors are
Solar Tunnel Dryers commonly applicable to dehydrating produce such as cassava chips,
vegetables, or fruits, eliminating the need for firewood and reducing drying time and offer
hygienic drying, better product quality, and reduced labor costs [6]. Energy-Efficient
Milling Machines, improves milling technologies, such as rice mills with rubber rollers
and adjustable sieves, reduced energy consumption and increase output quality compared
to traditional pounding or low-capacity diesel mills [7]. Solar-Powered Cold Storage
Units, improves storage techniques especially of perishable agricultural goods using
photovoltaic energy, thereby extending shelf life without reliance on grid electricity or
diesel-powered refrigeration [8].
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Biogas Digesters helps convert organic waste from processing (cassava peels, rice husks,
palm oil sludge) into biogas for heating or electricity generation, to reduce environmental
pollution, reduce fuel costs, and promote circular economies [9]. Improved Cookstoves
and Smokeless Ovens reduce fuelwood consumption and harmful emissions during food
processing (fish smoking or palm oil boiling), protect users from indoor air pollution [10].
Eco-Packaging Machines promotes the use of equipment for biodegradable or recyclable
packaging, reducing plastic use in food packaging. Eco-packaging is crucial for reducing
post-consumption waste and aligning with international food safety standards [11]. The
programs to increase capacity, financial incentives, public-private partnerships, and
legislative frameworks that promote the use of clean energy, efficient technologies, and
sustainable business practices are interventions to promote climate smart agro-processing
activities. Furthermore, attaining long-term food system resilience would require
incorporating climate-smart processing solutions into development frameworks, green
growth initiatives, and national climate action plans. The United Nations Sustainable
Development Goals (SDGs), which represent the global conversation on sustainable
development, emphasize the necessity of ensuring sustainable patterns of production and
consumption (Goal 12), promoting inclusive and sustainable industrialization (Goal 9),
and acting quickly to mitigate the effects of climate change (Goal 13).

As the intersection of industry, agriculture, and the environment, the agro-processing
sector is essential to this change. Sierra Leone can improve its food security, lower
poverty, generate green jobs, and strengthen its climate resilience by coordinating local
agro-processing methods with international sustainability goals.

According to [12] the use of solar dryers in cassava processing shortens drying times,
enhances product quality, and eliminates firewood use, which lowers emissions and labor
costs, while the use of solar mini-grid-powered peanut shellers and energy-efficient rice
mills, increases output while lowering expenses. Agro-processors are ill-prepared to meet
market needs and climate-related risks because the downstream segments, storage,
processing, packaging, and distribution, get relatively less attention [13]. The agro-
processing industry's competitiveness and sustainability are weakened by the continued
use of antiquated, ineffective, and environmentally damaging methods [11]. The absence
of clear policy guidelines, regulatory incentives, or national targets for climate-smart
processing has left a void in which processors operate without strategic direction or
environmental accountability. Even within climate-related initiatives such as the National
Adaptation Plan or the Climate Change Strategy and Action Plan, agro-processing is
scarcely mentioned [14]. The continued use of biomass fuels and manual methods not
only compromises productivity but also exposes them to climate and health risks [15]. In
2018, the Sierra Leone Agro Processing Competitiveness Project focussed on
strengthening agro-processing competitiveness, in terms of the ability of agro-processing
firms to generate new investments and increase market share in goods and services
through improved productivity objectives, improved business environment with a
obvious neglect of climate smart processing techniques [16].

This study explores the Knowledge, Attitude, and Practices (KAP) model in agriculture,
which is a framework used to study how a farmer's knowledge, beliefs, and actions relate
to agricultural practices like sustainable methods, new technologies, or specific inputs. It
assesses how a farmer's understanding of a concept (knowledge), their feelings about it
(attitude), and their actual behavior (practice) influence outcomes such as adoption of
new techniques, environmental impact, and productivity.



Oladele i sar..: Stav, znanje i ogranic¢enja povezana sa.../ Polj. Tehn. (2026/1) 36-58 39

This model helps identify gaps between what farmers know, how they feel, and what they
do, providing insights for designing more effective agricultural extension and education
programs [17-19]. This study demonstrate that attitudes, resource access, and structural
impediments facilitate the shift from awareness to practice, this work enhances
agricultural innovation systems theory. The requirement for heterogeneity-aware
extension tactics is implied by the advancement of farmer segmentation theory, since
adoption behaviors differ according to economic capability, education, and market
integration. By highlighting the necessity of enabling contexts, the persistent KAP gaps
also support Behavioral Change Wheel models.

Any agricultural technology's spread and uptake are impacted by farmers' attitudes
towards it, their familiarity with how it works, and the limitations they face in their
sociocultural environment. Adoption decision-making is heavily influenced by
information, attitudes, and perceptions [20]. Farmers' perspectives and attitudes are based
on their understanding of any agricultural technology, including its application, predicted
results, environmental benefits, hazards, and expenses. Based on their perceived needs
and past experiences, farmers' perceptions of innovations are strongly related to their
awareness and knowledge of such technologies, which may not always match reality.
Farmers' attitudes towards agricultural innovation are influenced by their views and
knowledge of it. Positive attitudes, a high degree of knowledge, and few barriers have
been identified in a number of studies on the adoption of agricultural technologies.
According to [21], smart agriculture technology adoption in Taiwan was positively
impacted by farmers' knowledge and attitudes. According to [22], favourable attitudes
towards technology have a substantial impact on the adoption behaviours of Litchi
farmers in China. According to [23], farmers in northeastern Nigeria's adoption of
enhanced pearl millet was greatly influenced by their knowledge and attitudes.

The attitude, knowledge, and constraints associated with agro-processing techniques are
intertwined, with knowledge and attitude often determining the adoption and success of
specific methods. A positive attitude and high knowledge level promote the uptake of
technologies, while various structural and financial constraints often hinder their
implementation. Attitude as an individual's disposition and evaluative affect toward a
particular technology or practice. Processors generally exhibit a positive attitude towards
technologies perceived to be useful, profitable, and capable of enhancing performance,
such as value-addition techniques. A positive correlation exists between attitude and
actual practice. Attitudes can be negatively influenced by a lack of awareness, risk
aversion, or prior negative experiences. For instance, a perceived complexity of operation
can lead to a poor disposition toward a new technology [24 — 29].

Knowledge encompasses the awareness, understanding, and technical proficiency
required to use a particular agro-processing technique effectively, and it has been reported
as a significant predictor of the successful adoption and effective utilization of
agricultural innovations and processing techniques often influenced by awareness with
sources of knowledge as training programs, extension agents, farm groups, and informal
information sharing [30, 25, 29]. While [31, 32, 29] noted that constraints are the
challenges and barriers that impede the ability of farmers and small-to-medium enterprise
(SME) agro-processors to deploy and utilize technologies effectively. Several authors
listed constraints to the use of agro-processing techniques to high costs of equipment, lack
of access to credit or suitable financing instruments, high interest rates, expensive
maintenance, inadequate on and off-farm infrastructure, unreliable power supply, and a
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lack of appropriate technologies suited to small-scale operations are common issues.
Similarly, lack of awareness of existing technologies, slow access to timely information
about the latest methods, insufficient liaison with processors or extension services acts as
significant barriers, challenges in the supply chain, raw material unavailability,
inadequate storage facilities, difficulty in maintaining consistent product quality, and
limited market avenues for processed products, are major constraints. The lack of skilled
manpower and technical expertise to operate complex machinery or analyze data can also
hinder adoption. According to [29], farmers in North Western Nigeria use mobile phone-
based applications poorly. Therefore, this study investigates the attitude, knowledge and
constraints to the use of climate smart agro-processing techniques in Sierra Leone.

MATERIAL AND METHODS

This study employed descriptive research design, with all agro-processors as the
population of the study. The majority of agro-processors are located in major cities in
Sierra Leone as the cities serve as the commercial, administrative, and economic hub of
Sierra Leone [4]. A wide range of agro-processing companies in the city transform key
crops such as cassava, rice, palm oil, maize, and cocoa into consumable and exportable
goods. The city’s strategic location, proximity to major transportation networks,
availability of skilled labor, and access to financial and technological resources make it
an ideal.
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Figure 1. Location of study area and Sierra Leone

From the list of 150 agro-processors in the Western Area Urban Business Registry and
the [33] a simple random sampling technique was used to select 135 processors. Data for
the study were collected with structured questionnaire developed based on the objectives
of this study. The questionnaire is made up of six sections. The questionnaire's sections
were designated A through F. Section A of the questionnaire collected socioeconomic
and demographic data from the agro-processors, while, Section B gathered information
awareness and adoption of climate-smart agro-processing techniques rated by
respondents on a 3-point scale of Aware, aware not adopted and adopted covering 50
techniques.
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Section C of the questionnaire ascertained attitudes toward agro-processing climate-smart
practices with a 5-point Likert scale Strongly Agree (5), Agree (4), undecided (3),
disagree (2), Strongly disagree (1) covering 35 attitudinal statements. Section D examined
information sources use among agro-processors, while Section E solicited information on
the constraints to adopting agro-processing climate-smart practices. A list of 25
constraints was rated by respondents on incidence and impact scales. The questionnaire
was face validated by experts in climate-smart agriculture, agro-processing, and food
science from School of Agriculture and Food science, while the split-half techniques gave
areliability coefficient with Cronbach's alpha of 0.80; and the Research Ethics Committee
of Njala University approved this study.

The data collected from the structured questionnaires were analysed using Statistical
Package for the Social Sciences (SPSS) Version 26 with frequency counts, percentages
and Binary logistic regression. The link between one or more explanatory variables
(independent variables) on a category or interval scale and the response variable
(dependent variable), which has two or more categories, was predicted using logistic
regression. According to [34], when the response variable is binary or dichotomous, the
logistic regression analysis characterizes the relationship between the response variable
(outcome or dependent) and a collection of predictor variables (explanatory or
independent) as described in Table 1. The response variable is dichotomous qualitative
data, where a value of 1 (one) denotes the occurrence of an event and a value of 0 (zero)
denotes its non-occurrence. The general form of the logistic regression equation model is
formulated as follows:

ePotPuoxi+pfrp+. 48X,

| 4 efotBoxi+pnj+ . +5 X,

ag =P =1X) =

The link function used is logit, with the logit of 7 ie;

T

logit(m) = log( ) = Po+ Bixj + Boxpp + ...+ Bpxjj (2)
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Table 1. Descriptions of variables in the study.

Variables Description Expected sign
Gender Dummy =1 if Male, 0 female +/-
Age Age in years +
Dummy =1 formal education, 0 +/-
Education otherwise
Position in the business Dummy =1 Employee, 0 otherwise +/-
No employees Number of persons +
Years of Operation Number of years +
Economic activities Dummy =1 Production, 0 otherwise +/-
Dummy =1 Production of raw materials, +/-
Production activity 0 otherwise
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Contin. Table 1.
Social responsibility Dummy =1 environmental, 0 otherwise +/-
Market orientation Dummy =1 local market, 0 otherwise +/-
Access to financial support Dummy =1 self-funded, 0 otherwise +/-
Info sources Dummy =1 radio, 0 otherwise +/-
Dummy =1 non-conventional, 0 +/-
Energy type otherwise
Energy use total Pooled energy score +
Types of products Dummy =1 rice, 0 otherwise +/-
Products total Pooled products score
By-product total Number of by-products generated +
total by-product Pooled by-products score +
management
No of activities Number of agro-processing activities +
Total no of activities Pooled agro-processing activities score +
Awareness of APCST Pooled awareness scores +
Knowledge of APCST Pooled use scores +
total attitude score on Pooled attitude scores +
APCST
total constraints score on Pooled constraints scores +
APCST
Energy use binary score Dummy =1 if high, 0 otherwise +/-
AWARE binary score Dummy =1 if aware, 0 otherwise +/-
Use of APCST binary Dummy =1 if use, 0 otherwise +/-
score
Attitude towards APCST Dummy =1 if favourable attitude, 0 +/-
binary score otherwise

RESULTS AND DISCUSSION

Table 2 present the demographic characteristics of agro-processors, and the findings
revealed that agro-processors are mainly males, less than 40 years, with no formal
education, having more than 10 employees, within 5 to 10 years of operation, having low
awareness, low knowledge, but favourable attitude. These results aligned with other
authors that women are the primary labor force in agro-processing (UN Women 2017),
male agro-processors predominate in Nigeria, South Africa and Zimbabwe [35-36].
Similarly, majority of agro-processors across Africa are young [37], have intermediate
level of education [38], most agro-processing enterprises last for only five years [39], and
agro-processing enterprises predominate rural areas [40].

Furthermore, many small and medium agro-processing enterprises (SMEs) low rates of
energy access [41], use a mix of traditional and modern energy sources [42]. The agro-
processing enterprises revolve mainly around the food systems [43-44], and managed by-
products through circular economy [45].
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Table 2 Demographic characteristics of agro-processors

Variables Mean Std. o Variance Min. Max. | Remarks
Deviation
Gender NA NA NA NA NA Mainly males
Age 34.04 7.51 56434 | 23.00 | 67.00 Z/éa;‘;gsless than
Education NA NA NA NA NA ?ﬁgﬁf;ﬁwa on
Pos_ltlon in the NA NA NA NA NA Mainly
business employees
No employees 10 46.75 21.28 3.00 | 30.00 Ef;‘ln% mmore
Years of Operation | 6.23 3.26 10.67 2.00 | 20.00 I;g‘rrsﬂy >-10
Economic activities | NA NA NA NA NA xggﬂzﬁon
Production activity | NA NA NA NA NA ?gj‘v‘ﬁi ti‘:gl(’f
Social o NA NA NA NA NA Malnly environ.
responsibility impact
Market orientation | NA NA NA NA NA x:r‘lr:g local
Access to financial NA NA NA NA NA Mainly self-
support funded
Info sources NA NA NA NA NA Mainly radio
Energy type NA NA NA NA NA lggi‘jg onal
Energy use total 43.85 25.19 4.59 0.00 122.00 | Mainly solar
Types of products NA NA NA NA NA Mainly rice
Products total 1.16 0.99 0.98 000 | 600 | Mainly3
products
By-product total 1.38 1.28 1.65 0.00 9.00 &*};’rloydzc <
total by-product )58 229 56 0.00 11.00 Predominantly 3
management by-products
No of activities 2.60 3.07 9.42 0.00 | 11.00 Zcrfi‘i‘i’ﬁn;‘snanﬂy 3
Total no of 411 3.02 9.09 0.00 | 14.00 | Mainly3
activities activities
Awareness of Mainly low
APCST 2.79 5.68 32.36 0.00 29.00 AWareness
Knowledge of Mainly low
APCST 42.38 38.08 15.61 0.00 123.00 knowledge
total attitude score Predominantly
on APCST 86.39 4341 14.66 0.00 125.00 positive
total constraints Mainly high
score on APCST 4438 24.72 611.09 0.00 75.00 constraints
Energy use binary NA NA NA NA NA | Mainly low use

score
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Contin. Table 2.

Mainly not
AWARE binary NA NA NA NA NA aware
score
U.SG of APCST NA NA NA NA NA Mainly non use
binary score
Attitude towards Mainly
APCST binary NA NA NA NA NA favourable
score attitude

Table 3 presents the results on the sources of information on climate-smart agro-
processing techniques. The results show that radio, workshop & seminar are the most
common source of information with 67.2% and 44% of agro-processors respectively.
This dominance underscores the pivotal role of radio in information dissemination among
agro-processing enterprises in Sierra Leone. Radio remains the most accessible,
affordable, and widespread medium for communication, particularly in rural and semi-
urban communities where internet connectivity is limited. The results reveal that industry
and enterprise linkages is week as 80.6% of the agro-processors indicated that they do not
get information through industry. The same trend is applicable to National standards
organization (84.3%) and Newspapers (82.8%). These are followed by NGOs and
development partners (69.4%) and Farmer cooperatives or associations (69.4%). The
sustainability was significantly influenced by socioeconomic factors including
information sources among pineapple processors in Ghana [46], and [47] found a very
low awareness and level of exposure to agro-processing equipment among agro-
processors in Nigeria.

Table 3. Sources of information on climate-smart agro-processing techniques

Sources of information Yes No
Radio 90(67.2) 44(32.8)
Industry 26(19.4) 108(80.6)
National standards organization 21(15.7) 113(84.3)
Newspapers 23(17.2) 111(82.8)
Internet 41(30.6) 93(69.4)
Co-processors 21(15.7) 113(84.3)
Agricultural extension services 54(40.3) 80(59.7)
Mobile applications (e.g., WhatsApp 42(31.3) 92(68.7)
groups, AgriApps)

Workshops and seminars 59(44.0) 75(56.0)
NGOs and development partners 41(30.6) 93(69.4)
Farmer cooperatives or associations 41(30.6) 93(69.4)

Source: Field data, 2025.
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The results on products by small, medium agro-processing firms in Sierra Leone is shown
in Table 4. Rice and rice-based products (41.8%) and cassava and items produced from
cassava (33.6%) are the most popular products. These goods centre round the primary
commodities and food systems in Sierra Leone. This could be due to the fact that rice
milling is still the most well-established agro-processing sector in districts like Bo,
Bombali, and Tonkolili, where tiny mills run all year round. The development of locally
made milling machines and donor-supported mini-mills has significantly enhanced rice
processing. Due to the crop's versatility, year-round availability, and hardiness,
processing of cassava is common. Its high prevalence can be explained by the fact that it
requires very simple technology and offers a quick turnover for modest processors.
Additionally, the development of the cassava value chain has been aided by government
and non-governmental organisation initiatives that foster food self-sufficiency. On the
other hand, fruit-juice and jam processing (7.5%) and groundnut-based goods (5.2%)
have the lowest percentages. This could be as a result of the surveyed businesses'
comparatively immature groundnut oil extraction and peanut flour production processes.
Few businesses engage in formal juice or jam processing despite the abundance of fruit
output, including oranges, pineapples, and mangoes. Growth in this market is hampered
by high spoiling rates, a lack of cold-chain facilities, inadequate packaging technologies,
and difficult access to high-quality bottles or preservatives. Small and medium agro-
processing enterprises in West Africa generate a variety of products from local crops,
including processed grains like packaged maize and rice flours, processed root crops like
cassava flour, and oils from nuts such as palm, shea, groundnut, and cashew [48].

Other products include processed fruits and fruit juices, and non-food items like cotton
yarn and fabrics.

The processed food is mainly produced by Small and Medium Enterprises, for African
consumers for over 50 years [49].

Table 4. Products generated by small, medium agro-processing enterprises

Products Type Yes No

Milk 2(1.5) 132(98.5)
Yoghurt 7(5.2) 127(94.)
Groundnut oil 18(13.4) 116(86.6)
Poultry feeds 30(22.4) 104(77.6)
Rice milling 42 (31.3) 92(68.7)
Cassava flour 24(17.9) 110(82.1)
Palm kernel oil 11(8.2) 123(91.8)
Dried fruits (e.g., mango, 11(8.2) 123(91.8)
pineapple)

Cocoa butter 31(23.1) 103(76.9)
Tomato paste 11(8.2) 123(91.8)

Source: Field data, 2025.

Table 5 presents the results on agro-processors’ attitude towards climate-smart agro-
processing techniques, with agro-processors favourably disposed to most of the
statements with high percentages recorded.
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The prominent attitudinal statements are APCST require advanced technical knowledge
(58.2%), adopted when promoted by fellow processors (53.0%), more effective when
combined with digital tools for monitoring (53.0%), essential for improving
competitiveness in regional and international markets (53.0%), and require support from
government and NGOs for successful adoption (51.0%). This may be due to the fact that
agro-processors in Sierra Leone have low knowledge of Agro-processing Climate-smart
techniques (APCST), operate on a low-level economy of scale and rely on NGOs and
government for investments in the post-civil war era. Attitudes towards agro-processing
techniques are diverse, generally viewed positively for their potential in economic
development and food security, but often met with caution or neutrality by smallholder
farmers due to barriers like lack of knowledge, financial constraints, and limited access
to infrastructure and training [50]. A positive farmer attitude towards improved cassava
processing technology is strongly linked to its adoption, meaning farmers who believe
the technology is useful and feasible are more likely to use it. Key attitudinal factors
include perceiving the technology as beneficial and having the confidence (self-efficacy)
to use it, while negative attitudes, often linked to a lack of awareness or training, can
hinder adoption despite potential benefits [S1-53].

Table 5. Attitude to climate smart processing techniques by small, medium agro-processors

Statements on Agro- SD D U A SA
processing Climate-smart
techniques (APCST)

APCST require advanced
technical knowledge.

100.7) | 1007) | 2921.6) | 25(18.7) 78(58.2)

APCST are too expensive for
small enterprises.

APCST are difficult to use
without prior training.
APCST do not offer direct
financial rewards to adopters.
APCST are not supported by
strong policy frameworks.
APCST increase the cost of
production.

APCST impact the
environment negatively.

Contin. Table 5.

0(0) 322) | 32023.8) | 42(31.3) 57(42.5)

1007) | 43.0) | 3324.6) | 3727.6) | 59(44.0)

7652) | 967 | 3935.7) | 3223.9) | 4735.1)

215) | 43.0) | 3727.6) | 4936.6) | 42(31.3)

53.7) | 2(1.5) | 32(23.8) | 51(38.1) | 44(32.8)

7(5.2) | 15(11.2) | 32(23.8) | 28(20.9) 52(38.8)

APCST threaten traditional 3(2.2) 14(10.4) | 38(28.3) 39(29.1) 40(29.9)
agro-processing jobs.

APCST improve the shelf-life
of processed products.

Contin. Table 5.

43.0) | 7(52) | 34253) | 4332.1) 46(34.3)

APCST enhance food safety

Standurds. 0(0) 139.7) | 3022.3) | 53(39.6) 38(28.4)
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Contin. Table 5.

APCST are adopted when
promoted by fellow
processors.

32.2)

4(3.0)

28(20.9)

28(2.9)

71(53.0)

47

APCST face limited adoption
due to lack of awareness.

2(1.5)

1(0.7)

31(29.7)

45(33.6)

55(41.0)

APCST Can improve the
public image or branding of
agro-enterprises.

4(3.0)

3(2.2)

29(28.2)

45(33.6)

53(39.6)

APCST require financial
incentives for wider adoption.

2(1.5)

32.2)

32(30.4)

40(29.9)

57(42.5)

APCST reduce post-harvest
losses.

3(2.2)

4(3.0)

34(31.9)

52(38.8)

41(30.6)

APCST are critical to
mitigating climate change
impacts

4(3.0)

0(0)

34(31.9)

34(25.4)

62(46.3)

APCST encourage sustainable
use of natural resources.

0(0)

322

30(22.4)

47(35.1

54(40.3)

APCST improve profitability
of agro-processing businesses.

0(0)

3(2.2)

31(29.7)

41(30.6)

59(44.0)

APCST require support from
government and NGOs for
successful adoption.

1(0.7)

32.2)

28(27.4)

33(24.6)

69(51.5)

APCST may disrupt existing
agro-processing routines.

5(3.7)

12(9.0)

37(34.2)

43(32.1)

37(27.6)

APCST are not necessary for
small-scale agro-processors.

32.2)

14(10.4)

32(30.4)

43(32.1)

42(31.3)

APCST adoption is limited by
lack of access to equipment.

0(0)

1(0.7)

32(30.4)

34(25.4)

67(50.0)

APCST support
modernization of agro-
processing.

2(1.5)

1(0.7)

29(28.2)

50(37.3)

52(38.8)

APCST are more effective
when combined with digital
tools for monitoring.

0(0)

2(1.5)

31(29.7)

30(22.4)

71(53.0)

APCST are essential for
improving competitiveness in
regional and international
markets.

0(0)

1(0.7)

32(30.40)

30(22.4)

71(53.0)

Sources: Field Data, 2025.

The results in Table 6 cover knowledge of climate smart agro-processing techniques
among small and medium agro-processing enterprises in Sierra Leone, which reveal that
majority agro-processors have low knowledge of climate-smart agro-processing

techniques.
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Agro-processors have low knowledge on wuse of canning (61.9%), level of
homogenization (54.5%), level of pasteurization (52.2%), high hydrostatic pressure
processing (49.3%), level of irradiation applied (49.3%), use of fast-cooking crop
varieties (47.0%), types of packaging materials used (47.0%), use of biodigesters
(46.3%).

Due to institutional limitations, high costs, inadequate information, and restricted access
to technology, there is a lack of understanding regarding climate-smart agro-processing
processes [54].

Agro-climate smart technologies include solar energy methods for drying agricultural
products, greenhouse technology for cultivation, climate-resilient storage structures for
harvested grains, and efficient agricultural waste management and post-harvest
management operations such as proper harvesting, sun-drying, threshing, processing,
packaging, and transportation [55].

Table 6. Climate-Smart agro-processing techniques by small, medium agro-processing enterprises

Techniques True False

Blanching 44(32.8) 45(13.4)
Solar milling equipment 37(27.6) 36(26.9)
Solar cold storage 30(29.0) 34(25.4)
Solar water pumps 36(26.0) 61(45.5)
Use of biogas 31(26.0) 46(34.3)
Use of biodigesters 39(26.0) 62(46.3)
Use of fast-cooking crop varieties 34(26.1) 63(47.0)
Use of fossil fuels 31(26.0) 44(32.8)
Use of fuelwood 32(26.0) 49(36.6)
Use of coal 31(26.0) 24(17.9)
Use of gas 29(26.0) 50(37.3)
Recycling of waste materials 34(26.0) 50(37.3)
Heating mechanisms used 31(26.0) 53(39.6)
Types of freezing techniques/chemicals used 41(26.1) 58(43.3)
Level of irradiation applied 40(26.1) 66(49.3)
High hydrostatic pressure processing 43(26.1) 66(49.3)
Level of homogenization 37(26.8) 73(54.5)
Level of pasteurization 39(26.9) 70(52.2)
Level of heat treatment of foods 39(26.9) 57(42.5)
Use of canning 31(26.3) 83(61.9)
Use of chemical pickling 31(26.3) 20(14.9)
Types of packaging materials used 37(26.8) 63(47.0)

Source: Field data, 2025.
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Table 7 presents the results on constraints faced by agro-processors in the use of climate
smart agro-processing techniques. The most prominent constraints are inadequate access
to finance (72.4%) and unreliable electricity and high energy costs (63.4%). This may be
due to the inability of agro-processing enterprises to access finance due to lack of
collateral, business plans, credit history, high interest rates, short repayment periods, and
complex loan procedures. Similarly, frequent blackouts, voltage fluctuations, and
escalating diesel prices increase operational costs and reduce productivity, which narrow
profit margins, energy challenges severely limit expansion and sustainability. The
constraints to agro-processing as consisting of difficulties with supply chains for input
and output market, prevalence of obsolete processing and ancillary equipment, low
capacity and poor training, and lack of proper hygiene and sanitation practices [56].
Conversely, poor market information and linkages (17.2%) and limited skilled labour and
technical expertise (21.6%) were the least constraints identified by agro-processors. this
may be attributed to the lack of timely information and low technical know-how on
climate-smart processing techniques. Agro- processors encounter constraints such as high
financing rates, poor storage, few marketing routes, sluggish information access, and
expensive equipment maintenance and emerging agro-processors also had to deal with
marketing, high operational costs, and a lack of knowledge [32].

Table 7. Constraints faced in the use of climate smart agro processing techniques

Constraints Yes No Very Severe Not Severe
Severe

Inadequate access to
knowledge and information
on climate-smart
agricultural technologies.

100(74.6) 34(25.3) | 32(23.9) | 60(44.8) 8(6.0)

Insufficient information on

climate change initiatives. 99(73.9) 35(26.1) | 30(22.4) | 47(35.1) 22(16.4)

Lack of training on climate

monitoring equipment. 93(69.4) 41(30.5) | 35(26.1) | 45(33.6) 13(9.7)

Poor working conditions in

agro-processing facilities 34(25.4) | 10099.7) | 16(11.9) | 17(12.7) 1(0.7)

Weak collaboration between
extension services and 101(75.4) 33(31.2) | 31(23.1) | 56(41.8) 13(9.7)
meteorological agencies.

Limited mobility and

ransportation for field staff, | 19C%0) | 35(47.6) | 3022.4) | 38(284) 11(8.2)

Absence of climate change

subject matter specialists 96(71.6) | 38(34.9) | 37(27.6) | 47(35.1) 12(9.0)

Time constraints to attend
training or awareness 78(58.2) 56(41.7) 18(13.4) | 41(30.6) 19(14.2)
programs.

High personal expenses in
acquiring CSA-related 94(70.1) 40(36.4) | 39(29.1) | 44(32.8) 9(6.7)
skills.
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Contin. Table 7.

Lack of available training 96(71.6) 38(35.2) | 37(27.6) | 53(39.6) 6(4.5)

resources on CSA practices.

Poor organizational support
for climate-smart training 95(70.9) 39(35.7) | 36(26.9) | 50(37.3) 8(6.0)
programs.

CSA not integrated into
agricultural training 97(72.4) 37(34.2) | 44(32.8) | 43(32.1) 9(6.7)
curricula.

Absence of incentives for
climate-smart agriculture 97(72.4) 37(34.4) | 44(32.8) | 42(31.30 10(7.5)
training.

Limited access to funding
for green technology 97(72.4) 37(34.4) | 38(28.4) | 54(40.3) 5(3.7)
adoption.

Lack of skilled personnel to
operate CSA equipment.

Source: Field data, 2025.

98(73.1) | 36(33.4) | 40(29.9) | 51(38.1) 6(4.5)

Binary logistic regression

The study employed binary logistic regression analysis to predict how various socio-
economic and technological factors affected agro-processors’ likelihood of attitude, and
knowledge of climate-smart agro-processing techniques. The socio-economic and
technological factors were considered as the predictor variables influencing an agro-
processors’ decision to use, get aware and attitudinal disposition towards climate-smart
processing techniques. The dependent categorical variable coding was as follows;
knowledge and attitude (high = 1, low = 0; favourable attitude = 1 and unfavourable
attitude = 0). A Chi-square test was used to test the significance of the general regression
model and to check if the group of factors significantly explained the knowledge and
attitude towards climate-smart processing techniques.

The list and description of the predictor variables used in the binary logistic regression
and their respective coding are as shown in Table 1.

The overall binary logistic regression results showed that the tested predictor variables
(socio-economic and technological factors) significantly explained knowledge of climate-
smart processing techniques (p < 0.001), and attitude towards climate-smart processing
techniques (p < 0.001) by the agro-processors. Similar findings indicate that gender
influences food processing activities [57], women have low participation in core agro-
processing activities but only serve as labour [58], and inadequate financing limit adoption
of value addition practices [31]. In the investigation of the model on the attitude towards
climate smart processing techniques gave the values of Log likelihood (76.76), Cox &
Snell R Square (0.648), Nagelkerke R Square (0.771), Chi Square (139.986), df (22),

p (0.000) unfavourable (29) and favourable (105), which shows that the considered model
fit the data at the significance level. The significant predictor variables for attitude towards
climate smart agro-processing techniques are gender, age, education, business position, no
employees, years of operation, types of economic activities, market orientation, access to
financial support, info sources, energy type, types of products, by-product total,
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and total no of agro-processing activities as stated in Table 8. The significance of these
predictor variables aligns with other authors, gender influences food processing activities
[ 57], women have low participation in core agro-processing activities but only serve as
labour [58], inadequate financing limit adoption of value addition practices [31], limited
number of products among agro-processing enterprises [59], and agro-processing
activities influence agro-processors’ attitude [60].

In the investigation of the model on the knowledge of climate smart processing techniques
gave the values of Log likelihood (39.244), Cox & Snell R Square (0.614), Nagelkerke R
Square (0.826), Chi Square (127.404), df (20), p (0.000) high knowledge (92) and low
knowledge (42), which shows that the model fit the data at a suitable significance level.
The significant predictor variables for knowledge of climate smart agro-processing
techniques are total by-product management, APCST constraints, APCST Aware, and
APCST Use. The significance of these predictor variables aligns with other authors, such
as machinery, storage facilities, transportation and energy determine the use of agro-
processing techniques [36, 60], preservatives, irradiation, radio waves and microwaves are
not favored agro-processing techniques [61], level of education, years of experience,
income influence agro-processing techniques [62].

Table 8: Determinants of attitude and energy use on climate smart processing techniques by SME
agro-processors

Attitude towards climate smart processing Knowledge of climate smart processing

Independent . . Exp
variables B Wald | Sig. Exp(B) B Wald | Sig. (B)
Gender 2.841 (11450367) | 0.000 | 1.000 | 17.126 0297 (1.117) | 0071 | 0.790 | 1346
Age -0.102 (1298.466) 0.000 | 1.000 | 0.903 0.029 (0.083) | 0.124 | 0.725 | 1.030
Education -3.792 (8379.932) 0.000 | 1.000 | 0.023 0.155(0.470) | 0.109 | 0741 | 1.168
Business 4292 (5770.714) 0.000 | 0.999 | 73.084 NA NA | NA NA
Position
No 0.094 (102.150) 0.000 | 0999 | 1.098 NA NA | NA NA
employees
Years of -0.392 (2211.094) 0.000 | 1.000 | 0.676 0333(0272) | 1.494 | 0222 | 1395
Operation
Economic 11.280 (10272279) | 0.000 | 0999 | 792337 | 1s61(1230) | 1610 | 0204 | 4762
activities 88
Froduction -5.433(11509.532) | 0.000 | 1.000 | 0.004 0.692 (1.159) | 0357 | 0.550 | 1.999
activity
Social

L 0.552 (3844.063) 0.000 | 1.000 | 1.737 0286 (1.268) | 0.051 | 0.822 | 1.331
responsibility
Market -4.661 (14859.824) | 0.000 | 1.000 | 0.009 0258 (0.361) | 0.508 | 0.476 | 1.294
orientation
Access to
financial -1.922 (5838.815) 0.000 | 1.000 | 0.146 -0.058 (0.183) | 0.099 | 0.753 | 0.944
support

14.766 2587180

Info sources | -0.009 (2151.818) 0.000 | 1.000 | 0.991 2614.438) 0000 | 0995 | * 0
Energy type | -2.956 (5343.120) 0.000 | 1.000 | 0.052 0.431(0.290) | 2213 | 0.137 | 0.650
Types of 2.068 (3589.784) 0.000 | 1.000 | 7.909 4938 (4357) | 1.284 | 0.257 | 139.49
products
Products total | 0.095 (22674.937) | 0.000 | 1.000 | 1.100 0.990 (1.704) | 0337 | 0.562 | 2.690
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Contin.
Table 8.
E)g’mdw -4.535(13211.872) | 0.000 | 1.000 | 0.011 0309 (0.314) | 0965 | 0326 | 0.735
total by-
product -1.324 (4158.721) 0.000 | 1.000 | 0.266 0.577 (0.341) | 2.871 | 0.090 1.782
management
No of 2.249 (5319.550) 0.000 | 1.000 | 9.479 0.052 (0.313) | 0.027 | 0.868 1.053
activities
Total no of
agro-
. 0.367 (6624.909) 0.000 | 1.000 | 1.444 NA NA NA NA
processing
activities
APCST NA NA NA 0.002 (0.066) | 0.001 | 0.970 1.002
attitude
APCST 0.897 (569.385) 0.000 | 0.999 | 2.452 0.163 (0.088) | 3.465 | 0.063 1.178
constraints
APCST NA NA NA | NA -0.126 (0.072) | 3.013 | 0.083 0.882
Aware
APCST Use NA NA NA | NA 0.067 (0.031) | 4.703 | 0.030 1.069
AWAREI1 -6.412 (12811.105) 0.000 | 1.000 | 0.002 NA NA NA NA
Use 11 11.279 (26275.792) | 0.000 | 1.000 [79149.585 NA NA NA NA
-38.915
Constant -20.105 (32234.581) (2614.478) 0.000 | 0.988 0.000
-2 Log
o 76.76 39,244
likelihood
Cox & Snell | ¢\q 0.614
R Square
Nagelkerke R |, 7, 0.862
Square
Chi Square 139.986 127.404
df 22 20
P 0.000 0.000
Non observer | 0(29) 0(42)
Observer 1 (105) 1(92)

CONCLUSIONS

This paper provides empirical evidence on the attitude, knowledge and constraints
associated with the climate smart agro-processing techniques in Sierra Leone using Binary
logistic regression analysis. This is predicated on the fact that the quantum of research
activities and publications on crops, water and soil activities and deserted the agro-
processing aspects, notwithstanding, the quantity of greenhouse gas associated with such
activities. Most of the agro-processors are mainly males, young, with no formal education,
having low awareness, low knowledge, but favourable attitude, using radio, workshop &
seminar are the most common source of information.
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The most popular products are rice and rice-based products and cassava-based products,
while prominent attitudinal statements are APCST require advanced technical knowledge,
adopted when promoted by fellow processors, more effective when combined with digital
tools for monitoring, essential for improving competitiveness in regional and international
markets, and require support from government and NGOs for successful adoption. Agro-
processors have low knowledge on use of canning, level of homogenization, level of
pasteurization, high hydrostatic pressure processing, level of irradiation applied, use of
fast-cooking crop varieties, types of packaging materials used, use of biodigesters. The
most prominent constraints are inadequate access to finance and unreliable electricity and
high energy costs. The significant predictor variables for attitude towards climate smart
agro-processing techniques are gender, age, education, business position, no employees,
years of operation, types of economic activities, market orientation, access to financial
support, info sources, energy type, types of products, by-product total, and total no of agro-
processing activities. However, the significant predictor variables for knowledge of
climate smart agro-processing techniques are total by-product management, APCST
constraints, APCST Aware, and APCST Use. These significant predictor variables
indicate the important areas of interventions for the proper application of agro-processing
techniques for climate adaptation and mitigation.
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STAV, ZNANJE I OGRANICENJA POVEZANA SA TEHNIKAMA
KLIMATSKI PAMETNE AGRO-PRERADE U DRZAVI SIERA LEONE

Oladimeji Idowu Oladele', Abu Bakarr Yomanda?
!University of Kwa-Zulu Natal, South Africa,
°’Njala University, Sierra Leone

Apstrakt. Cilj ovog istrazivanja je ispitivanje stavova, nivoa znanja i ogranifenja
povezanih sa primenom klimatski pametnih tehnika agroprerade (eng. smart agro-
processing), za drzavu Sijera Leone, uz upotrebu binarne logisticke regresione analize.
Istrazivacki uzorak obuhvatio je 150 preradivaca poljoprivrednih proizvoda, od kojih je
tehnikom jednostavnog slucajnog uzorka odabrano 134 ispitanika. Podaci su prikupljeni
primenom strukturisanog upitnika koji je prethodno validiran u pogledu sadrzaja i
pokazuje koeficijent pouzdanosti od 0,80.

Statisticka obrada podataka obavljena je koris¢enjem softverskog paketa SPSS (verzija
26), primenom frekvencijskih distribucija, procentualne analize i binarne logisticke
regresije.

Rezultati su pokazali da ve¢inu preradivaca ¢ine muskarci mlade starosne dobi, uglavnom
bez formalnog obrazovanja, sa 5 do 10 godina poslovnog iskustva, niskim nivoom svesti
i znanja, ali pozitivnim stavovima prema klimatski pametnim praksama.

Kao najzastupljeniji izvori informacija identifikovani su radio emisije, stru¢ne radionice i
seminari. NajéeS¢e preradivani poljoprivredni proizvodi su pirina¢ i proizvodi na bazi
pirinca (41,8%), kao i proizvodi od kasave (Cassava) (33,6%).

Analiza je pokazala da su znacajne prediktorske (ulazne, nezavisne) varijable za stav
prema klimatski pametnim tehnikama agroprerade: pol, starost, nivo obrazovanja,
poslovna pozicija, broj zaposlenih, godine poslovanja, tip ekonomskih aktivnosti, trzi$na
orijentacija, pristup finansijskoj podrsci, izvori informacija, tip energije, vrste proizvoda,
ukupan broj nusproizvoda i ukupan broj agropreradivackih aktivnosti.
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Sa druge strane, znaCajne (zavisne) prediktorske varijable za nivo znanja o ovim
tehnikama obuhvataju: upravljanje ukupnim nusproizvodima, ogranic¢enja klimatski
pametnih tehnika (eng. APCST Constraints), nivo informisanosti (eng. APCST Aware) i
stepen njihove primene (eng. APCST Use).

Dobijeni rezultati ukazuju na kljuéne oblasti intervencija koje su neophodne za efikasnu
implementaciju klimatski pametnih tehnika agroprerade, radi poboljSanja adaptacije i
ublazavanja posledica klimatskih promena u agro-preradivackom sektoru drzave Sijera
Leone.

Kljuéne rei: Klimatski pametna agro-prerada, svest, ogranicenja, stav
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EFFECT OF MOISTURE CONTENT AND LOADING
ORIENTATION ON STRENGTH PROPERTIES OF CORN COBS
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Abstract: This study investigated the effect of moisture content and loading
orientation on strength properties of corn cobs using the Testometric Universal Testing
Machine at crosshead speed of 10 mm/min. The strength properties investigated were bio
yield point, yield point, rupture point, bio yield strength, compressive strength, rupture
strength, modulus of stiffness, modulus of toughness, modulus of resilience and modulus
of elasticity. Results show that all the properties decreased with increase in moisture
content with values being higher at lateral loading than longitudinal loading, except for
the Modulus of resilience that gave higher values on longitudinal loading orientation.

In the moisture range of 5.87 to 28.4%, bio yield point decreased from 685 to 220 N and
570 to 150 N at the lateral and longitudinal loading orientation, respectively.

Yield point decreased from 2223.6 to 800 N and from 1200 to 600 N, while rupture point
decreased from 2130 to 1120 N and from 1280.7 to 576 N on lateral and longitudinal
loading, respectively.

Biofield strength decreased from 9.5 to 2.9 N/mm? and 5.5 to 2.6 N/mm?, compressive
strength from 3010 to 800 N/mm? and 2550 to 650 N/mm2, and rupture strength from
2500 to 600 N/mm? and 2000 to 300 N/mm? in the above moisture range and loading
orientations.
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Modulus of elasticity decreased from 2500 to 320 N/mm? and 2200 to 150 N/mm?,
Modulus of stiffness from 2600 to 420 N/mm and 2300 to 120 N/mm, Modulus of
toughness from 240 J to 100 J and 210 J to 80 J, while Modulus of resilience decreased
from 440 to 100 J and 500 to 150 J, for lateral and longitudinal loading respectively, in
the above moisture range. Regression equations that could be used to express the
relationship existing between the strength properties and cob moisture content were
established and these yielded very high coefficients of determination.

Key words: Bio yield point, moisture content, loading orientation, corn cobs,
strength properties, compressive strength, modulus of elasticity

INTRODUCTION

Corn with the scientific name of Zea mays L. is a valuable grain crop that forms the major
component of the staple food of many people groups across all the geopolitical zones of
Nigeria. Corn has been an important food crop for the people for up to 4500 years now
[2]. It is one of the most notable crops and a great means of capturing and storing energy
and nutrient for human consumption. The grains therefore, the primary sources of food for
mankind. The grains are attached to cobs which at maturity and plucked from the stalks,
dehusked and shelled. During the shelling operation, forces are applied to detach the grains
from the cobs. The system that is employed must be designed to function with minimum
grain damage. A considerable amount of damage to the grains during shelling operations
can lead to reduction in quality and economic value. This constitutes such a major
bottleneck that has made the reduction of pre and post-harvest losses to now be a common
food strategy throughout the world [3]. In some cases, the grains are stored on cobs in silos
and cribs. The loading orientation of the material normally determines the behavior it will
exhibit in storage. The response of a material to the action of forces on it during the
operation of technological processes is governed by its mechanical properties. Mechanical
properties can be defined as those characteristics that have bearing with the behaviour of
the material under applied forces [4]. Mechanical properties that are time dependent are
considered as rheological [4]. Aviara et al. [5] noted that the moisture content of the
product being handled has effect on the adjustment and performance of the handling
equipment and that a range of moisture content normally exists within which optimum
performance is usually achieved. Therefore, in order to design and develop the equipment
for handling, conveying, separating, drying, storing and processing the corn crop, the
understanding of the mechanical properties of the cobs as affected by moisture content
and loading orientation is necessary.

Several studies have been conducted on the physical and mechanical properties of
agricultural materials.

Examples are [6] and [7] Tiger nut, [8] and [9] Balanites aegyptiaca nut, [10] Conophor
nut, [11] Mucuna flagellipes nut, [12] Brachystegia eurycoma seed, [13] Sweet corn plant,
[14] Millet stem, [15] Corn grains and [16] Bell pepper fruit. In the study of the mechanical
properties of biological materials, it is normally assumed that the techniques employed in
evaluating the behavior of conventional engineering materials will be applicable.
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Linear elastic theory is normally assumed although agricultural materials being composed
of solid and fluids do not act in a purely elastic manner, rather, their resistance to applied
load is a combination of elastic, plastic and viscous behaviours [4]. The aim of this study
is to determine the mechanical (strength) properties of corn cob as a function of moisture
content and loading orientation using the Universal Testing Machine (UTM).

MATERIAL AND METHODS

Sample Procurement and Preparation

The bulk sample of corn cob used in the study was obtained from the main market in Biu
town, Biu LGA of Borno State, Nigeria. The cobs were already dehusked and dried. Whole
and unshelled cobs were selected and used for the experiments. Broken and shelled or
partially shelled cobs were discarded. The useable samples were divided into four portions
each packaged in a hessian bag, and transported to the Processing Laboratory of the
Department of Agricultural and Bioenvironmental Engineering, Federal Polytechnic Bida,
Bida LGA, Niger State, Nigeria, for the experiments.

Samples at different moisture levels were produced by conditioning different packaged
portions of cobs using the method of soaking the product in clean water for given periods
of time. The first sample (A) was left at the market storage condition and the moisture
content was determined without soaking in water. A specified mass of the second sample
(B) was soaked in clean water for the period of forty-five minutes (45min), the third
sample (C) was soaked for a period of one-hour thirty minutes (1h 30min) and the fourth
sample (D) was allowed to soak for a period of two hours (2h). The samples were removed
and spread on different platforms at room temperature with no fan blowing to allow the
water drain for 20min. Each sample was packaged in a polythene bag and stored in a
desiccator for a period of 24 hours to enable uniform moisture content to be attained
throughout the sample. By this exercise, four samples at different moisture conditions
were obtained. Sample moisture content was determined using oven drying method as
described by [17] with modifications. This involved breaking cobs down to uniform
particle size and placing a known mass of sample in weighed sample can, and oven drying
at 105°C to constant weight. Weight loss was monitored using an electronic weighing
balance on hourly basis to give an idea of the time at which weight loss began to remain
constant. Constant weight was taken to have been attained when three consecutive
weighing gave identical readings. The moisture content was determined using the formula
_ wi-w,

MC

x 100% (1

1

Where:

MC = Moisture content (%),

W, = Initial mass of the sample before oven drying (g) and
W, = Final mass of the sample after oven drying (g).

The experiment was replicated thrice on each of the four samples and their average
moisture contents were recorded.
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Compression Tests on Corn Cobs using Universal Testing Machine (UTM)

Samples of corn cob at specified moisture content were compressed using the Universal
Testing Machine (UTM) running at crosshead speed of 10mm/min. Each sample was
loaded either in the vertical (longitudinal) orientation (Figure 1A) or in the horizontal
(Lateral) orientation (Figure 1B). As the compression operation began and progressed, a
load — deformation curve was plotted automatically in relation to the response of each
sample. Compression tests were replicated ten times at each moisture content and loading
orientation. A typical force-deformation curve obtained during the compression operation
is pr—sented in Figure 2. The force-deformation curves obtained were analyzed for
different mechanical properties at each moisture content using the ten replicates and the
average values were recorded.

(A)
Figure 1. Loading orientations of corn cob in the UTM, (A) Longitudinal loading
and (B) Lateral loading

Figure 2. Typical force-deformation curve of corn cob during compression
in Universal Testing Machine (UTM)
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Evaluation of Strength Properties of Corn Cobs from Force-Deformation Curves
Bioyield point was taken as the point (x) on the force-deformation curve (Figure 2) at
which the compressed corn cob weakened and failed internally without cracking
outwardly [9]. At this point, an increase in deformation resulted from either a decrease or
no change in force [4], and the cob could be said to have failed in its internal cellular
structure [18]. Yield point was the point (y) on the force-deformation curve at which the
visible failure of the cob became initiated and it just began to tear [19]. Rupture point was
the point (z) on the force deformation curve at which the cob completely became broken
and torn with the internal structure exposed [4, 18]. Bioyield strength was taken as the
stress at which the cob failed in its internal cellular structure and is given by x/A, where x
is the bioyield point (N) and A is the cross-sectional area (m?) of the sample during
loading. Compressive strength was the stress given by y/A at which the visible failure of
the cob was initiated so that it began to tear. Rupture strength was taken as the stress given
by z/A at which the cob got completely broken. Modulus of elasticity was taken as the
ratio of stress to strain up to bioyield point in the force-deformation curve. Modulus of
resilience was taken as area under the force-deformation curve up to bioyield [19] and was
determined from the force-deformation curve of the cob using the method that was
followed by [20]. Modulus of stiffness was taken as the ratio of the average maximum
force to the average maximum deformation of the cob at failure [21, 10]. It was calculated
from the force-deformation data of the cob following the method employed by [8, 19].
Modulus of toughness was taken as area under the force-deformation curve up to failure
[11] and was determined from the force-deformation curve using the method that was
followed by [20].

Data obtained from the computations of the mechanical properties were regressed against
moisture content and their trends and the mathematical expressions relating them to
moisture content, with the coefficients of determination were established at the lateral and
longitudinal loading orientations.

RESULTS AND DISCUSSION

The average moisture content of corn cob at market storage and varied conditionings were
found to be 5.87, 9.8, 18.26 and 28.4%, respectively. The strength properties in the above
moisture range under lateral and longitudinal loading orientations are presented as follows.

Bioyield Point

The variation of the bioyield point of corn cobs with moisture content when subjected to
compression under lateral and longitudinal loading orientations is presented in Figure 3A.
From the Figure, it can be seen that on the lateral and longitudinal loading orientations,
the bioyield point decreased from 685 to 220 N and from 570 to 150 N, respectively, as
the moisture content of the cob increased from 5.87 to 28.40%. Bioyield point was higher
on lateral than longitudinal loading, showing that the cob more readily fails in its internal
cellular structure during longitudinal loading than at lateral loading. The relationship
existing between the bioyield point of the cobs with moisture content for lateral and
longitudinal loading orientations can be expressed with equations (2) and (3), respectively.
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BYP(Lat) = 2221.3M~0708 R2=0.9712 2)
BYP (Long) = 2235.9M 0824, R2=10.968 3)
Where:

BYP (Lat) is bioyield point on lateral loading (N),
BYP (Long) is bioyield point on longitudinal loading (N) and
M is moisture content of cob (% wb).

Equations (2) and (3) show that the bioyield point of corn cob decreased as a power law
function of moisture content when it is compressed at both lateral and longitudinal
orientations.

Yield Point

Figure 3B shows the effect of moisture content on yield point of corn cobs under
compression in lateral and longitudinal loading orientations. It can also be seen from the
Figure, that yield point decreased with increase in moisture at both lateral and longitudinal
orientations. In the moisture range of 5.87 — 28.4%, yield point decreased from 2223.6 to
800 N for lateral loading, and from 1200 to 600 N under longitudinal loading showing that
yield point is higher on lateral loading than at longitudinal loading.

This indicates that the force at which the visible failure of the cob becomes initiated and
it just begins to tear, would occur earlier under load in the longitudinal orientation than in
lateral loading. The relationship between yield point and moisture content at both lateral
and longitudinal loading, expressed using equations (4) and (5) show that yield point
decreased as a quadratic function of moisture content in both loading orientations.

YP (Lat) = 1.2552M?% — 108.75M + 2864.3, R?2=0.9916 4)
YP (Long) = 0.5664M? — 45.955M + 1448.7, R?>=0.9999 %)
Where:

YP (Lat) is yield point on the lateral loading (N),
YP (Long) is yield point on longitudinal loading (N) and
M is moisture content of cob (% wb).

800 2500 )
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Figure 3: Variation of bioyield point (A) and yield point (B) of corn cob with moisture content
and loading orientation
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Rupture Point

The variation of the rupture point of corn cobs with moisture content when subjected to
compression under lateral and longitudinal loading orientations is presented in Figure 4A.
From the Figure, it can be seen that on lateral and longitudinal loading orientations, the
rupture point decreased from 2130 to 1120 N and from 1280.7 to 576 N, respectively, as
the moisture content of the cob increased from 5.87 to 28.40%. Rupture point was higher
on lateral than longitudinal loading, showing that the cob more readily breaks up during
longitudinal loading than at lateral loading. The relationship existing between the rupture
point of the cobs with moisture content for lateral and longitudinal loading orientations
can be expressed with equations (6) and (7), respectively. While rupture point varied as
polynomial of second order with moisture content at lateral loading, it varied as an
exponential function with moisture content on longitudinal loading.

RP (Lat) = 1.0522M? — 80.3M + 2554.6, R?=0.999 (6)
RP (Long) = 1560.7EXP(0.035M), R?=0.9985 @)
Where:

RP (Lat) is rupture point on the lateral loading (N),
RP (Long) is rupture point on longitudinal loading (N).

Bioyield Strength

Figure 4B shows the variation of bioyield strength of corn cob with moisture content for
lateral and longitudinal compressive loading. Bioyield strength decreased from 9.5 to 2.9
N/mm? and from 6 to 2.6 N/mm? as the moisture content of the cob increased from 5.87
to 28.4% under lateral and longitudinal loading orientation, respectively. From the Figure,
it can be seen that bioyield strength was higher on lateral loading than at the longitudinal
orientation indicating that the failure of the cob in its intercellular structure will occur
under lesser pressure in the longitudinal loading orientation than at lateral loading. The
relationship existing between bioyield strength and moisture content at both loading
orientations could be expressed by equations of the logarithmic form presented as
equations (8) and (9).

BYS (Lat) = —4.23Ln(M) + 16.995, R%=0.9993 ()
BYS (Long) = —2.129Ln(M) + 9.6837, R?2=10.9963 9
Where:

BYS (Lat) is bioyield strength on the lateral loading (N/mm?), and
BYS (Long) is bioyield strength on longitudinal loading (N/mm?).
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Figure 4: Effect of moisture content and loading orientation on (A): rupture point and (B): bioyield
strength of corn cob

Compressive Strength

The variation of compressive strength of corn cob with moisture content when subjected
to compression under lateral and longitudinal loading orientations is presented in Figure
5A. Compressive strength of the cob decreased from 3010 to 800 N/mm? and from 2550
to 650 N/mm? as the moisture content increased from 5.87 to 28.4% in the lateral and
longitudinal loading orientation, respectively. In the above moisture range, it can be seen
that the compressive strength of the cob is higher on lateral loading than on the
longitudinal orientation. This shows that the corn cob will fail more readily under
longitudinal loading than at lateral loading, and will be of important consideration in the
design of the shelling mechanism and compartment of a corn shelling machine. The
relationship existing between compressive strength and cob moisture content was found
to be logarithmic and can be expressed using equations (10) and (11).

CS (Lat) = —1363Ln(M) + 5342.1, R? = 0.9906 (10)
€S (Long) = —1195Ln(M) + 4604.9, R%=0.9941 (11)

Where: CS (Lat) is compressive strength on the lateral loading (N/mm?), and

CS (Long) is compressive strength on longitudinal loading (N/mm?).

Rupture Strength

Figure 5B shows the variation of rupture strength of corn cob with moisture content on
both lateral and longitudinal loading orientations. The Figure shows that the rupture
strength decreased with increase in moisture content in the moisture range of 5.87 - 28.4%
(wb).

In the lateral loading orientation, rupture strength decreased from 2500 to 600 N/mm?,
while on the longitudinal loading orientation, it decreased from 2000 to 300 N/mm?, in the
above moisture range.
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This shows that rupture strength on the lateral orientation is higher than it is on the
longitudinal orientation, indicating that the cob will easily break into pieces on
longitudinal loading. The relationship existing between rupture strength and cob moisture
content on both lateral and longitudinal loading orientations was found to be polynomial
of the second order and can be represented by equations (12) and (13).

RS (Lat) = 0.9958M? — 116.15M + 3106.1, R?=10.9955 (12)
RS (Long) = 0.9869M?% — 108.59M + 2591.2, R2=10.9995 (13)

Where: RS (Lat) is rupture strength on the lateral loading (N/mm?), and
RS (Long) is rupture strength on longitudinal loading (N/mm?).
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Figure 4. Effect of moisture content and loading orientation on (A): compressive strength
and (B) rupture strength of corn cob

Modulus of Elasticity

The variation of modulus of elasticity of corn cob with moisture content and loading
orientation is presented in Figure 6A. Modulus of elasticity decreased from 2500 to
320N/mm? on the lateral loading orientation, and from 2200 to 150 N/mm2 on the
longitudinal loading orientation as cob moisture content increased from 5.87% to 28.4%.
This indicates that the modulus of elasticity of the cob is higher on lateral orientation than
on longitudinal orientation, implying that the cob has higher capacity to recover strain due
to the application of forces during loading and transportation when it is loaded in the lateral
orientation. The relationship existing between modulus of elasticity and moisture content
for both lateral and longitudinal loading orientations was found to be logarithmic and can
best be described by equations (14) and (15), respectively.

E (Lat) = —1364Ln(M) + 4885.5, R2=0.9984 (14)

E (Long) = —1276Ln(M) + 4449.7. R?=0.9976 (15)

Where: E (Lat) is modulus of elasticity on the lateral loading (N/mm?), and
E (Long) is modulus of elasticity on longitudinal loading (N/mm?).
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Modulus of Stiffness

Figure 6B shows the variation of modulus of stiffness of corn cob with moisture content
at lateral and longitudinal compressive loading orientations. From the Figure, it can be
seen that the modulus stiffness decreased with increase in moisture content, from 2600 to
420 N/mm, and from 2300 to 120 N/mm on lateral and longitudinal loading orientation,
respectively, in the moisture range of 5.87 - 28.4%. This shows that the modulus of
stiffness of the cob is higher on lateral loading than on longitudinal loading orientation,
indicating that the cob exhibits more resistance to bending and buckling under the
impingement of force when loaded laterally, and implies that in the lateral loading
orientation, the cob will resist breakage better than it would do under longitudinal loading.
The relationship existing between modulus of stiffness and cob moisture content was
found to be polynomial of the second order for both lateral and longitudinal loading
orientations. The relationship can be adequately represented by equations (16) and (17),
respectively.

MS (Lat) = 2.1416M? — 168.77M + 3492.2, R?=0.9988 (16)
MS (Long) = 2.6199M? — 185.93M + 3290.1, R2=0.9998 an

Where: MS (Lat) is modulus of stiffness on the lateral loading (N/mm),
MS (Long) is modulus of stiffness on longitudinal loading (N/mm).
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Figure 6: Effect of moisture content and loading orientation on (A) modulus of elasticity
and (B) modulus of stiffness of corn cob

Modulus of Toughness

Figure 7A shows the variation of modulus of toughness of corn cob with moisture content
and loading orientation. On the lateral loading orientation, modulus of toughness
decreased from 240 to 100 J as the cob moisture content increased from 5.87 to 28.4%,
and in the above moisture range under longitudinal loading, the modulus of toughness
decreased from 210 to 80 J, showing that the modulus of toughness of the cob was higher
for lateral loading than for longitudinal loading.
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The implication of the above finding is that under lateral loading orientation, the cob will
exhibit higher capability to resist impact and absorb or dissipate deformation energy,
hence it will be able to absorb more impact and deformation energy before fracturing and
this could make the lateral loading orientation as the one to be considered when the cobs
are being stored in a crib.

During shelling operation, loading on the lateral orientation will require more force and
energy to release the grains from the cob, so the longitudinal loading orientation which
gave lower modulus of toughness stands the better chance of rendering better performance
when employed during shelling operation.

The relationship existing between modulus of toughness and cob moisture content at each
loading orientation was found to be polynomial of the second order and it can be
adequately expressed with equations (18) and (19), respectively.

MT (Lat) = 0.1094M? — 9.9058M + 293.37, R?=0.9995 (18)
MT (Long) = 0.0723M? — 8.204M + 254.87, R?=0.9997 (19)
Where:

MT (Lat) is modulus of toughness on the lateral loading (J), and
MT (Long) is modulus of stiffness on longitudinal loading (J).

Modulus of Resilience

The variation of modulus of resilience of corn cob with moisture content on lateral and
longitudinal loading orientations is presented in Figure 7B. From the Figure, it can be seen
that the modulus of resilience decreased from 440 to 100 J in the lateral loading
orientation, and from 500 to 150 J in the longitudinal orientation, as the cob moisture
content increased from 5.87 to 28.4%. This indicates that modulus of resilience was higher
on the longitudinal orientation than on the lateral, implying that the maximum amount of
energy that the cob can absorb per unit volume without permanent deformation, and
therefore, its ability to store strain energy in the elastic range, is higher when it is loaded
on the longitudinal orientation. Higher modulus of resilience also indicates that the
longitudinal loading orientation may be the one at which the cob could withstand
mechanical hysteresis under static loading in bin or crib during storage. As a result, the
quality of the cob could be better preserved when it is stored in the longitudinal loading
orientation. The modulus of resilience was found to be a power function of cob moisture
content at lateral loading orientation, and on longitudinal loading, it was found to relate
with moisture content as a polynomial of the second order. The relationship existing
between modulus of resilience and cob moisture content can be described using equations
(20) and (21) for the lateral and longitudinal loading orientation, respectively.

MR (Lat) = 659.85 exp(—0.066M), R2=10.9989 (20)
MR (Long) = 0.2248M? — 23.182M + 627.35, R%=0.9999 (21)
Where:

MR (Lat) is modulus of toughness on the lateral loading (J), and
MR (Long) is modulus of stiffness on longitudinal loading (J).
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Figure 7. Effect of moisture content and loading orientation on modulus of resilience of corn cob

CONCLUSIONS

The investigation of the strength properties of corn cob at different moisture contents and
loading orientations using the UTM showed that all the properties (bioyield, yield and
rupture points, bioyield, compressive and rupture strengths, modulus of elasticity,
modulus of stiffness, modulus of toughness and modulus of resilience) decreased with
increase in moisture content and varied with loading orientation.

The strength properties with the exception of modulus of resilience were higher on the
lateral loading orientation than at the longitudinal orientation.

The relationship between the properties and cob moisture content was mainly nonlinear
and could be described by regression models that range from polynomials of the second
order through logarithmic functions to expressions of the power form.
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UTICAJ SADRZAJA VODE I PRAVCA OPTERECENJA
NA MEHANICKE OSOBINE KLIPA KUKURUZA
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Abstract: U ovom radu ispitivan je uticaj sadrzaja (%) vlage i pravca opterecenja na
mehanicke osobine klipova kukuruza koriséenjem uredaja Testometric Universal Testing
Machine (UTM), pri brzini pomeranja glave uredaja od 10 mm/min.

Analizirane su osobine: bioloska tacka popustanja materjala, granica teCenja, tacka
loma, bioloska Cvrstoca, pritisna ¢vrstoca, ¢vrstoca pri lomu, modul krutosti, modul
elsticnosti, modul elasti¢ne energije.

Rezultati su pokazali da sva analizirana svojstva opadaju sa poveéanjem sadrzaja vlage.
Uopsteno, vrednosti su bile vece pri bo¢nom (lateralnom) optere¢enju nego pri uzduznom
(longitudinalnom), osim kod modula elasti¢nosti, koji je imao vise vrednosti u uzduznom
pravcu opterecenja.

U opsegu vlage od 5,87 do 28,4 %, bioloska tacka Cvrstoe materijala se smanjila sa
685na220 N isa 570na 150 N za bo¢no i uzduzno opterecenje, redom. Granica tecenja
se smanjila sa 2223,6 na 800 N (bocno) i sa 1200 na 600 N (uzduzno), dok se tacka loma
smanjila sa 2130 na 1120 N i sa 1280,7 na 576 N za odgovarajuée pravce opterecenja.

Bioloska tacka ¢vrstoce je opala sa 9,5 na 2,9 N/mm? (bo¢no) i sa 5,5na 2,6 N/mm?

(uzduzno), pritisna ¢vrstoca sa 3010 na 800 N/mm? i sa 2550 na 650 N/mm?, dok je
¢vrstoca pri lomu bioloskog materijala smanjena sa 2500 na 600 N/mm? i sa 2000 na 300
N/ mm?, respektivno.
Modul elasti¢nosti je smanjen sa 2500 na 320 N/mm? i sa 2200 na 150 N/mm?; modul
krutosti sa 2600 na 420 N/mm 1 sa 2300 na 120 N/mm; modul Zilavosti sa 240 Jna 100 J i
sa 210 Jna 80 J. Modul elasti¢ne otpornosti je opao sa 440 Jna 100J i sa 500 Jna 150 J za
boc¢no i uzduzno opterecenje, respektivno.
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Empirijske regresione jednacine razvijene su za opis odnos izmedu sadrzaja vlage u klipu
i njegovih mehanickih osobina.

Dobijeni modeli su pokazali visoke koeficijente determinacije (R?), §to ukazuje na dobru
prilagodljivost i visoku prediktivnu tacnost (predvidanje) ishoda testa.

Kljuéne reci: Bioloska tacka cvrstoce; sadrzaj vlage; pravac opterecenja; kukuruzni
klip;, mehanicka svojstva; pritisna cvrsto¢a; modul elasticnosti.
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WATER STRESS AND ITS SYNERGISTIC EFFECTS
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Abstract: Water stress—manifesting as either drought or waterlogging—poses

significant challenges to irrigated agriculture by disrupting plant physiological defenses
and creating favorable conditions for pest and pathogen proliferation. This study examines
the complex interactions between water stress, crop health, and pest—disease dynamics in
the Somnyamekodur community, Twifo Hemang Lower Denkyira District, Central
Region, Ghana.A quantitative survey approach was adopted, involving 100 randomly
selected farmers engaged in irrigated agriculture. Data were collected using structured
questionnaires covering farmer demographics, irrigation practices, effects of water stress,
management strategies, and economic outcomes.Results indicated that the farming
population is predominantly older (60% above 46 years) and characterized by low formal
education levels (84% with primary or no education), which limits technology adoption.
Traditional irrigation methods dominated (92%), while adoption of efficient systems such
as drip (2%) and sprinkler (3%) irrigation remained low.
Water stress dramatically increased fungal infections (68%) and insect pest infestations
(90%), resulting in severe yield reductions, with 96% of farmers reporting high negative
impacts and 72% experiencing income losses exceeding 50%. Despite 98%
acknowledging that sustainable practices could mitigate water stress, only 10%
implemented water-saving measures like mulching, primarily due to financial constraints
(44%) and knowledge gaps (30%).
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The study demonstrates that water stress creates synergistic pest-pathogen-plant
interactions that disproportionately affect smallholder farmers lacking access to modern
irrigation technologies and extension services. Climate change was identified as the
primary driver (92%), yet technology adoption remained low (76% unwilling) due to cost
barriers. These findings underscore the urgent need for integrated approaches combining
affordable irrigation technologies, targeted farmer training, financial incentives, and
collaborative water management strategies to enhance resilience in climate-vulnerable
agricultural systems.

Keywords: Water stress, irrigated agriculture, pest-disease dynamics, smallholder
farmers, climate change adaptation, Ghana

INTRODUCTION

Global food security faces unprecedented challenges from climate variability, with water
stress emerging as a principal constraint to agricultural productivity, particularly in
smallholder farming systems that constitute the backbone of food production in
developing nations[1], [2]. Water stress, encompassing both deficit (drought) and excess
(waterlogging) conditions, fundamentally alters plant physiological processes,
compromises defense mechanisms, and creates ecological conditions that favor pest and
pathogen proliferation [3], [4]. These biotic-abiotic stress interactions generate synergistic
effects that produce disproportionate yield losses compared to individual stressors acting
in isolation, yet remain inadequately addressed in contemporary agricultural management
paradigms.

Drought stress impairs stomatal conductance, reduces photosynthetic efficiency, and
triggers resource reallocation from growth to survival mechanisms, consequently
weakening plant resistance to biotic challenges [5], [6]. Simultaneously, water-stressed
plants accumulate elevated concentrations of soluble sugars and amino acids in phloem
tissues, rendering them preferential hosts for sap-feeding insects including aphids and
whiteflies [7], [8]. This nutritional enhancement paradoxically occurs alongside
suppressed jasmonic acid and salicylic acid signaling pathways, creating windows of
vulnerability for pathogen invasion, particularly vascular wilt organisms such as Fusarium
and Verticillium species [9], [10]. Conversely, waterlogging establishes anaerobic soil
conditions that suppress beneficial microbial communities while favoring root rot
pathogens including Pythium and Phytophthora, simultaneously disrupting root oxygen
supply and undermining systemic plant immunity [11], [12].

Climate change amplifies these challenges through increased frequency and intensity of
extreme weather events, creating environments where plants experience sequential or
cumulative stresses that exponentially increase disease and pest vulnerability [13], [14].
Historical evidence demonstrates the catastrophic potential of such interactions: the 2012
United States Midwest drought facilitated unprecedented spider mite infestations and
Fusarium infections that devastated maize yields [15].

Despite advances in irrigation technology and crop improvement, existing management
strategies rarely account for complex water stress-pest-pathogen interactions.
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Precision irrigation techniques can reduce disease pressure through controlled leaf wetness
and soil moisture [16], [17], yet inappropriate scheduling may inadvertently stress plants
and enhance pest attractiveness [18]. Similarly, crop breeding programs typically target
individual stressors, leaving protection gaps against combined abiotic-biotic challenges
due to growth-defense trade-offs and antagonistic regulatory pathways [19], [20].
In Sub-Saharan Africa, where smallholder farmers dominate agricultural landscapes and
climate vulnerability is acute, these knowledge and practice gaps have profound
implications for food security and rural livelihoods [21], [22], [23], [24]. The Central
Region of Ghana exemplifies this vulnerability, experiencing increasing climate
variability that intensifies both drought episodes and waterlogging risks within single
growing seasons. However, empirical understanding of how water stress modulates pest-
disease dynamics in this context, and how farmers perceive and respond to these
challenges, remains limited.
This study addresses critical knowledge gaps by investigating water stress impacts on pest
and disease dynamics in Somnyamekodur community, examining farmer perceptions,
management practices, and economic consequences. The research novelty lies in its
holistic integration of plant physiological responses, pest-pathogen ecology, farmer
indigenous knowledge, and socioeconomic constraints within a climate-vulnerable
smallholder system. Specific objectives include: (1) characterizing farmer demographics
and irrigation practices; (2) assessing water stress impacts on crop health and farming
practices; (3) exploring management strategies for mitigating water stress effects; and (4)
analyzing economic impacts on farming livelihoods. Findings will inform targeted
interventions combining water management optimization with integrated pest-disease
management strategies tailored to resource-constrained farming systems facing escalating
climate pressures.

MATERIALS AND METHDOS

2.1 Study Area Characteristics

The research was conducted in Somnyamekodur community, Twifo Hemang Lower
Denkyira District, Central Region, Ghana (Figure 1), located between latitudes 5°50N-
5°51'N and longitudes 1°50'W-1°10"W at elevations of 60-200 meters above sea level. The
area experiences a semi-equatorial climate characterized by bimodal rainfall distribution
with peaks in June and October, mean annual precipitation of 1,750 mm, and relatively
uniform temperatures ranging from 26°C (August) to 30°C (March). Relative humidity
remains consistently high throughout the year (70-80% during dry season, 75-80% during
wet season). The natural vegetation comprises semi-deciduous forest, substantially
modified by anthropogenic activities including agriculture, logging, and mining. Soils
developed over granite parent material exhibit free-draining characteristics, respond
favorably to phosphorus fertilization, and support diverse cropping systems including tree
crops (cocoa, oil palm, citrus) and annual food crops (plantain, cocoyam, banana, cassava).
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Figure 1. Map of the study area

Research Design and Sampling

The study employed a quantitative cross-sectional survey design to assess farmer
understanding of irrigation practices and water stress impacts on agricultural productivity.
A sample size of 100 farmers was determined adequate for capturing variability in
practices and perceptions within the community while remaining logistically feasible.
Participants were selected through simple random sampling to ensure representativeness
across age groups, gender, farm sizes, and cropping systems. Inclusion criteria required
active engagement in irrigated agriculture during the preceding growing season. The
sampling frame was developed in collaboration with local agricultural extension officers
who maintained farmer registries.

Data Collection Procedures

Primary data collection utilized structured questionnaires administered through face-to-
face interviews conducted in local dialects to facilitate comprehension and ensure response
accuracy. The questionnaire instrument comprised five thematic sections: (1)
sociodemographic characteristics (age, education, farming experience); (2) irrigation
practices and water sources; (3) water stress experiences and impacts on crop health; (4)
pest and disease incidence patterns; and (5) management strategies and economic
consequences.
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Questions employed multiple response formats including closed-ended categorical items,
Likert scales for perception assessment, and semi-structured items allowing elaboration
on specific experiences.

Interviews were conducted at participants' farms and households between planting and
harvest periods to capture real-time observations of crop conditions and ongoing
management practices. Behavioral observations during interviews provided contextual
insights into farmer knowledge and attitudes. Each interview lasted approximately 45-60
minutes. To enhance data quality, questionnaires were pre-tested with 10 farmers outside
the study area, and modifications were made based on feedback regarding question clarity
and cultural appropriateness.

Ethical Considerations

The research protocol adhered to established ethical standards for agricultural social
science research. All participants provided informed verbal consent after receiving clear
explanations regarding study objectives, voluntary participation, right to withdraw without
consequences, and confidentiality protections. No identifying information was recorded;
respondents were assigned numerical codes to maintain anonymity. Data were used
exclusively for academic research purposes, with results presented in aggregate form
preventing individual identification. The study design prioritized beneficence and non-
maleficence, avoiding questions that could cause psychological discomfort or social harm.
Findings aim to generate actionable knowledge benefiting agricultural communities
through improved water and pest management strategies.

Data Analysis

Quantitative data were processed and analyzed using IBM SPSS Statistics version 24.
Descriptive statistics including frequencies, percentages, means, and standard deviations
were computed for all variables to characterize the sample and summarize response
distributions.  Cross-tabulations examined relationships between demographic
characteristics and adoption of water-saving practices. Chi-square tests assessed
associations between categorical variables where appropriate. Graphical presentations
including bar charts and pie diagrams were generated using Microsoft Excel to visualize
key findings. Tables were formatted in Microsoft Word to present multivariate results
systematically. Analysis focused on identifying patterns, constraints, and opportunities
related to water stress management in the study population, with findings interpreted in
the context of existing literature on smallholder agriculture, climate adaptation, and
integrated pest management.

RESULTS AND DISCUSSION

3.1 Farmer Demographics and Irrigation Practices
Demographic analysis revealed a predominantly aging farmer population, with 60% of
participants aged 46 years and above (Table 1).
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Table 1. Farmers’ age groups, educational level and their years of farming.

Demographic Frequency(N) Percentage (%)
Age Group

26-35 years 14 14
36-45 years 26 26
46-55 years 30 30
56 and above 30 30
Educational Level

Higher education 3 3
No formal education 33 33
Primary 51 51
Secondary 12 12
Years Of Farming

11-20 years 28 28
5-10 years 12 12
Less than 5 years 3 3
More than 20 years 57 57

This age distribution, showing 30% in each of the 46-55 and 56+ categories, reflects a
global trend where agriculture increasingly depends on older practitioners, raising
concerns about knowledge transfer and innovation adoption capacity [25], [26].
Educational attainment proved severely limited, with 84% having either primary education
(51%) or no formal schooling (33%), while only 3% achieved higher education. This
educational deficit constrains farmers' ability to comprehend technical information,
evaluate technological risks and benefits, and adopt complex innovations—a pattern
consistently documented in developing-country agricultural systems [27]. Farming
experience was extensive, with 57% cultivating for over 20 years and an additional 28%
practicing for 11-20 years, suggesting strong reliance on indigenous knowledge but
potentially limited exposure to modern practices.

Crop selection patterns (Figure 2) demonstrated that vegetables dominated production
(46%), followed by cereals (35%), fruits (11%), and pulses (8%).

8%

m Vegetables ®Cereals ® Fruits © Pulses

Figure 2. Types of Crops Grown by the Farmers
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The preference for vegetables and cereals reflects their dual importance for household
food security and market income generation, characteristics particularly valuable for
resource-constrained smallholders requiring short-cycle, high-turnover crops.

However, these crop categories exhibit high water demands and sensitivity to moisture
stress, intensifying vulnerability to water scarcity.

Irrigation practices revealed severe technological underdevelopment, with 92% of farmers
employing rudimentary methods including watering cans, buckets, and informal channels
(Figure 3).

2% 3% /—3%

H Drip irrigation ™ Sprinkler systems Surface irrigation Others

Figure 3. Irrigation Practices Used by the Farmers

Modern efficient technologies showed minimal penetration: drip irrigation (2%), sprinkler
systems (3%), and surface irrigation (3%). This overwhelming reliance on traditional
methods, while minimizing capital requirements, results in substantial water losses
through evaporation and poor application efficiency. Similar patterns characterize
smallholder systems throughout Sub-Saharan Africa, where high installation costs, limited
technical expertise, weak extension support, and credit constraints prevent adoption of
water-efficient technologies [28], [29]. The dominance of water-intensive vegetables and
cereals combined with inefficient irrigation creates acute vulnerability to water stress
episodes.

Water Stress Impacts on Crop Health and Pest-Disease Dynamics
Water stress generated severe biotic challenges, with fungal infections affecting 68% of
farmers (Figure 4), followed by viral diseases (20%) and bacterial infections (4%).
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Figure 4. Types of Pathogens Encountered by Farmers as a Result of Water Stress.

The fungal disecase predominance aligns with established physiological mechanisms:
water stress creates microclimate fluctuations and compromises plant defense signalling,
particularly salicylic acid pathways crucial for fungal resistance [30], [31], [32].
Alternating drought and irrigation cycles generate humidity conducive to fungal spore
germination and mycelial growth, while stressed plants exhibit reduced capacity for
synthesizing antifungal compounds [33], [34], [35]. The relatively lower bacterial
incidence likely reflects reduced free water availability for bacterial movement and
infection establishment during drought periods, though waterlogging episodes can
dramatically elevate bacterial diseases [36], [37]. Insect pest pressures proved even more

severe, with 90% of farmers reporting significant problems (Figure 5), while rodents and
weeds each affected 4%.

Binsects MRodents WWeeds FNone

Figure 5. Problematic Pests Faced by Farmers as a Result of Water Stress.

This overwhelming insect predominance reflects well-documented stress-induced changes
in host plant suitability. Water-stressed plants accumulate elevated phloem concentrations
of soluble sugars and amino acids, enhancing nutritional quality for sap-feeding insects
including aphids, whiteflies, and planthoppers [38], [39].
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Simultaneously, drought often suppresses jasmonic acid-mediated anti-herbivore defenses
while plants prioritize abscisic acid-regulated stress tolerance, creating physiological
trade-offs that compromise pest resistance [40], [41]. Additionally, stressed plants emit
altered volatile organic compound profiles that can attract rather than repel herbivorous
insects [42], [43].

Yield impacts proved catastrophic, with 96% of farmers reporting high negative effects
from water stress and only 1% documenting increases (Table 2).

Table 2. Impact of Water Stress on Crop Yield and Pests Infestation

Water Stress on Crop Yield Frequency(N) Percentage (%)
High Impact 96 96
Moderate Impact 4 4

Increase In Crop

Yield Due Water Stress

Yes 1 1

No 99 99

Pest Infestation

Changed Due to Water Stress

Increased 99 99
Decreased 1 1

Income losses reflected this productivity collapse, with 72% losing over half their farm
income and 93% experiencing decreased earnings (Table 3).

Table 3. Economic Impact of Water Stress on Overall Farm Income.

How Has Water Stress Affected Your Frequency(N) Percentage (%)
Overall

Farm Income

Decreased 93 93
Increased 7 7
Percentage of Income

Affected

0-10% 2 2
11-25% 2 2
26-50% 23 23
More than 50% 72 72
Additional Resources

Invested?

No 16 16
Yes 84 84
If Yes, What

Resources Have You

Invested In?

Irrigation system 23 23
Other 77 77
Perception on Long- term Economic

Viability of Farming under Water Stress

Not viable 68 68
Somewhat viable 6 6
Very viable 26 26
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Contin. Table 3.

How Concerned are you about Future
Water Availability for Agriculture

Somewhat concerned 3 3

Very concerned 97 97
Importance on

Collaboration on

Water Management

Strategies

Not important 8 8

Somewhat important 29 29
Very important 63 63

These severe economic consequences align with global evidence demonstrating water
scarcity as a primary driver of smallholder yield losses, particularly in rainfed and poorly-
managed irrigated systems [44], [45]. Pest infestations intensified under water stress for
99% of farmers, confirming synergistic interactions where abiotic stress simultaneously

reduces plant defenses while enhancing pest population growth and damage potential.

Management Strategies and Adoption Barriers
Adaptive management proved severely limited despite urgent need. Only 10% of farmers
implemented water-saving practices like mulching, while 90% employed no formal

conservation measures (Table 4).

Table 4. Strategies Used by Farmers to Mitigate Water Stress

STRATEGIES TO Frequency(N) Percentage (%)
CONSERVE WATER

Efficient irrigation

practices

mulching 10 10
None 90 90
EFFECTIVENESS OF THE

STRATEGIES

Crop rotation

Not effective 86 86
Somewhat effectiveness 6 6
Very effective 8 8
TRAINING ON WATER

MANAGEMENT

TECHNIQUES

No 26 26
Yes, occasionally 65 65
yes, regularly 9 9
INFORMATION SOURCE

Agricultural extension 21 21
Online resources 5 5
Peer farmers 21 21
None 53 53
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This minimal adoption occurs despite mulching's effectiveness for moisture retention,
temperature moderation, and weed suppression at relatively low cost [46], [47].

The adoption deficit reflects multiple interacting constraints documented across
smallholder systems globally [48], [49].

Farmer perceptions of existing strategies proved largely negative, with 86% rating crop
rotation as ineffective against water stress. While rotation provides benefits for nutrient
cycling and certain pest management objectives, its limited direct impact on water
availability explains this perception. More concerning, only 9% received regular training
in water management techniques, while 65% obtained occasional training and 26%
received none. This extension service weakness leaves farmers dependent on informal
knowledge sources: 53% had no reliable information access, 21% relied on peer farmers,
21% on agricultural extension when available, and only 5% on online resources. Such
information poverty severely constrains technology adoption and practice improvement.
Barriers to implementing water-saving practices (Figure 6) were dominated by financial
constraints (44%) and knowledge gaps (30%), with limited technology access contributing
20%.

Percentage(%)

Financial Constraints  Lack of Knowledge Limited Access to Others

Techn

Barriers Faced by Farmers
Figure 6. Barriers Faced by Farmers to Implement Water Saving practices.

These findings mirror patterns across developing-country agriculture where capital
requirements for irrigation infrastructure exceed smallholder capacity, while inadequate
extension services prevent effective utilization even of affordable technologies [50], [51].
The financial barrier manifests despite 84% of farmers investing additional resources to
cope with water stress, indicating that available capital remains insufficient for
transformative changes. When asked about adoption motivations (Table 5), 55%
emphasized financial incentives including subsidies, credit, and insurance, compared to
25% citing peer recommendations and 18% proven effectiveness.

Table 5. Role of Climate Change, Motivations, Adoption of New Technologies, Sustainable
Farming Practices to Mitigate Water Stress

Role of Climate Change Frequency(N) Percentage (%)
in Water Stress
Major role 92 92

Moderate role 8 8
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Contin. Table 5.

Adopt New Technologies for
Managing Water Stress

Not likely 76 76
Somewhat likely 15 15
Very likely 9 9
Motivation in Adopting New

Technologies

Recommendations from peers 25 25
Proven effectiveness 18 18
Financial incentives 55 55
Others 2 2

Can Sustainable

Farming Practices help

Mitigate Water Stress?

Yes 98 98
No 2 2

Economic Consequences and Future Viability

Water stress generated severe economic hardship extending beyond immediate yield
losses. While 93% experienced income declines, the magnitude proved extreme, with 72%
losing over half their income and an additional 23% losing 26-50% (Table 3). Such
dramatic economic shocks directly threaten household food security, asset accumulation,
and intergenerational welfare—consequences extensively documented in climate
vulnerability literature [52], [53]. Despite majority investment in coping resources (84%),
farmers predominantly perceived long-term farming under water stress as non-viable
(68%), with only 26% viewing it as very viable and 6% as somewhat viable. This
pessimistic outlook reflects accumulated experience with escalating climate variability
overwhelming adaptive capacity.

Climate change attribution proved near-universal, with 92% identifying it as playing a
major role in water stress intensification (Table 5), consistent with scientific understanding
of anthropogenic climate impacts on regional hydrology [54], [55]. Future water
availability concerns were nearly unanimous (97% very concerned), while 63% rated
collaborative water management strategies as very important, suggesting recognition that
individual farmer actions prove insufficient. However, willingness to adopt new
technologies remained low (76% not likely), primarily due to cost and uncertainty despite
98% agreeing that sustainable practices could help mitigate stress.

Water source dependencies (Figure 7) revealed reliance on rivers (36%), groundwater
(30%), and various combinations, with only 10% depending solely on rainfall.
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Figure 7. Primary source of water Used by Farmers.

This diversity suggests vulnerability to both surface water variability and groundwater
depletion. Farm sizes proved predominantly small (91% under 10 acres), limiting
individual investment capacity and economies of scale—a pattern reinforcing the need for
collective approaches through cooperatives or water user associations [56], [57], [58].
Legal water rights concerns remained minimal (10%), possibly reflecting weak
enforcement or communal access traditions, though emerging scarcity may intensify
future competition.

Table 6. Legal Issues and Concerned Regarding Water Usage, and Farm Size.

Legal Issues Frequency(N)  Percentage (%)
Regarding Water Right and

Usage

No 90 90
Yes 10 10
Biggest Concerned

Regarding Water

Right and Usage

Access to water 7 7
Competition with other users 3 3
other 90 90
Farm Size

10 to 20 acres 7 7
20 to 30 acres 2 2
Less than 10 acres 91 91

Critical factors for addressing water stress (Figure 8) prioritized technological innovation
(50%) and farmer education (40%), with community engagement (9%) and policy changes
(1%) receiving less emphasis.
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Figure 8. Critical Factors for Addressing Water Stress in Agriculture.

This prioritization reflects practical farmer orientation toward tangible solutions over
institutional reforms, though successful intervention requires integrated approaches
combining all elements.

Support needs (Figure 9) emphasized financial assistance (48%), technical training (30%),
and resource access (20%), reinforcing that effective adaptation requires simultaneously
addressing capital, knowledge, and infrastructure constraints rather than isolated
interventions.

60
50 F
40 F

30 F

N I I I
0 I

Financial Assistance Technical training Access to resources Others

Percentage(%)

rJ
o
T

Additional Supportto Manage Water Stress
Figure 9: Additional support needed to manage water stress more effectively.

The Way Forward: Integrated Pathways for Sustainable Water-Stress Management
Addressing water stress impacts on pest-disease dynamics in Ghana's smallholder farming
systems requires integrated, multi-dimensional interventions that simultaneously tackle
technological, institutional, financial, and knowledge constraints identified in this study.
Technological transformation must follow a phased approach, beginning with low-cost
interventions like mulching (currently adopted by only 10% despite proven effectiveness)
before progressing to capital-intensive systems.
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Community-based procurement models can reduce drip irrigation costs by 40-60%
through collective purchasing, as demonstrated in Kenya where cooperative arrangements
increased adoption from 3% to 28% within five years [59]. Smart irrigation technologies
integrating low-cost sensors with mobile phone connectivity offer frontier opportunities
for precision water management that simultaneously reduces pest-disease risks [60], [61],
[62].

Capacity building represents perhaps the most critical intervention, given that 53% of
farmers lack reliable information sources and only 9% receive regular training. Pluralistic
extension approaches combining video-mediated learning, farmer-to-farmer networks,
and lead farmer models have achieved 30-40% higher technology adoption rates compared
to conventional extension in similar contexts [63], [64]. Training curricula must integrate
pest-disease-water stress interactions rather than addressing these factors in isolation,
enabling farmers to implement coordinated management responses.

Financial mechanisms beyond traditional credit are essential, as 44% of farmers cited cost
as the primary adoption barrier. Index-based weather insurance bundled with irrigation
loans reduced default rates from 18% to 4% in Kenya's Kilimo Salama program [65], while
performance-based subsidies conditioning support on verified adoption of integrated
practices achieved 45% higher water productivity in Mexico [66], [67]. Pay-as-you-go
financing models leveraging mobile money platforms offer additional pathways for
overcoming upfront cost barriers.

Germplasm improvement through participatory breeding integrating drought tolerance,
pest resistance, and pathogen defense addresses the synergistic stress interactions
documented. Marker-assisted selection enables simultaneous tracking of multiple
favourable traits, while participatory varietal selection ensures varieties meet farmers'
multiple production constraints, achieving 30% adoption rates versus under 10% for
conventionally-released varieties [68], [69], [70].

Institutional reforms establishing water user associations and farmer producer
organizations enable collective action critical for smallholders farming 91% of land below
10 acres. Successful associations in Morocco reduced water losses from 45% to 22%
through participatory management [71], [72]. Policy coherence across fragmented
institutional landscapes requires cross-sectoral coordination mechanisms integrating
agriculture, water, climate, and rural development agencies.

Climate information services translating seasonal forecasts into actionable irrigation and
pest management recommendations can reduce climate-related losses by 15-30% [73],
[74]. Integrating soil moisture monitoring with pest surveillance enables anticipatory
interventions, as demonstrated by Ghana's fall armyworm early warning systems that
reduced crop damage from 35% to 12%.

Integrated pest-disease management must explicitly account for water stress interactions
through precision irrigation scheduling, biological control agents showing enhanced
efficacy under stress conditions, and push-pull strategies simultaneously addressing pest
pressure and soil water retention [75], [76]. Implementation requires robust participatory
monitoring systems enabling adaptive learning and continuous program refinement based
on farmer experiences and emerging evidence.
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Success demands simultaneous progress across all dimensions rather than isolated
interventions, recognizing that technological solutions alone prove insufficient without
complementary investments in human capacity, financial access, institutional
development, and enabling policy environments.

CONCLUSIONS

This study provides comprehensive evidence that water stress creates synergistic pest-
disease-plant interactions generating disproportionate impacts on smallholder irrigated
agriculture in the Central Region of Ghana. The predominantly aging, minimally educated
farmer population employing rudimentary irrigation methods proves highly vulnerable to
climate-driven water stress intensification. Water scarcity simultaneously compromises
plant physiological defenses while creating favorable conditions for fungal pathogens and
insect pests, resulting in severe yield losses affecting 96% of farmers and income
reductions exceeding 50% for 72% of participants. Despite near-universal recognition that
sustainable practices could mitigate impacts (98%), adoption remains minimal (10%) due
to intersecting financial constraints (44%) and knowledge gaps (30%), compounded by
weak extension services leaving 53% without reliable information access.

The research demonstrates that addressing water stress-pest-disease dynamics requires
integrated interventions combining affordable irrigation technologies, targeted farmer
capacity building, financial incentives, and collaborative governance structures.

Priority actions include: expanding access to efficient irrigation systems through subsidies
and credit mechanisms; strengthening extension services to deliver practical training in
water-efficient practices and integrated pest management; establishing farmer field
schools enabling peer learning and technology demonstration; developing climate-
informed early warning systems linking water stress forecasts with pest-disease risk alerts;
promoting water user associations facilitating collective resource management; and
breeding crop varieties combining water stress tolerance with pest-disease resistance to
mitigate physiological trade-offs.

Future research should investigate specific mechanisms underlying water stress-pest-
pathogen interactions in locally important crops, evaluate cost-effectiveness of alternative
irrigation technologies under smallholder constraints, and assess policy instruments for
incentivizing adoption. Long-term monitoring of climate adaptation trajectories will prove
essential for understanding how farming systems evolve under intensifying environmental
pressures and identifying pathways toward sustainable resilience.
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VODNI STRES I NJEGOVI SINERGIJSKI EFEKTI
NA DINAMIKU STETOCINA I BOLESTI U POLJOPRIVREDI
NA MALOM POSEDU SA PRIMENOM NAVODNJAVANJA:
-DOKAZI 1Z CENTRALNOG REGIONA GANE

Frank Kwekucher Ackah!, Elijah Eduful?, Emmanuel Afutu!,
Josiah Wilson Tachie-Menson !, Ransford Opoku Darko?

!Department of Crop Science, School of Agriculture, University of Cape Coast,
Cape Coast, Ghana

’Department of Agricultural Engineering, School of Agriculture,

University of Cape Coast, Cape Coast, Ghana.

Apstrakt. Vodni stres, koji se manifestuje u obliku suse ili zadrzavanja vode u
zemljiStu, predstavlja ozbiljan izazov za poljoprivredu zasnovanu na primeni
navodnjavanja, jer narusava fizioloske odbrambene mehanizme biljaka i stvara povoljne
uslove za razmnoZavanje Stetocina i patogena.

Ovaj rad ispituje sloZzene medusobne odnose izmedu vodnog stresa, zdravstvenog stanja
useva i dinamike Steto¢ina i bolesti u zajednici Somnjamekodur, okruzima Tvifo Hemang
i Donji Denkjira, u centralnom regionu Gane.

Istrazivanje je sprovedeno primenom kvantitativnog pristupa, pri ¢emu je anketirano 100
nasumi¢no odabranih poljoprivrednika koji se bave proizvodnjom sa sistemom za
navodnjavanje.

Podaci su prikupljeni pomocu struktuiranog upitnika koji je obuhvatio demografske
karakteristike ispitanika, prakse navodnjavanja, efekte vodnog stresa, primene mera
upravljanja i ekonomske posledice.

Rezultati su pokazali da je ve¢ina poljoprivrednika starijeg zivotnog doba (60% ima preko
46 godina) i sa niskim nivoom formalnog obrazovanja (84% ima osnovno obrazovanje ili
uopsSte nema osnovno obrazovanje), Sto ograni¢ava mogucénost usvajanja savremenih
tehnologija.

Tradicionalni sistemi navodnjavanja dominiraju (92%), dok su savremeni i efikasniji
sistemi poput tehni;kog Sistema kap po kap (2%) i Sistema prskalica (3%) izuzetno slabo
zastupljeni.

Vodni stres znac¢ajno povecava pojavu gljivicnih infekcija (68%) i napade insekata (90%),
$to dovodi do velikih gubitaka prinosa — ¢ak 96% ispitanih poljoprivrednika prijavilo je
izraZene negativne efekte, a 72% gubitke prihoda vece od 50%.
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I ako 98% poljoprivrednika smatra da odrzive poljoprivredne prakse mogu ublaziti efekte
vodnog stresa, samo 10% zaista primenjuje mere poput maléiranja.

Kao klju¢ne prepreke istaknute su: finansijska ogranicenja (44%) i nedostatak stru¢nog
znanja (30%). Klimatske promene su identifikovane kao glavni uzro¢nik (92%), ali ¢ak
76% ispitanika negativno iskazuje usvajanje savremene tehnologije zbog visokih
troskova.

Rezultati istrazivanja ukazuju, da, vodni stres prouzrokuje sinergijske interakcije izmedu
biljaka, Stetocina i patogena, koje nesrazmerno pogadaju poljoprivrednike sa malim
posedima, koji nemaju pristup savremenim tehnikama navodnjavanja i poljoprivrednim
savetodavnim sluzbama.

Ovaj rad naglasava hitnu potrebu za integrisanim pristupom koji bi objedinio pristupacne
tehnike navodnjavanja, edukaciju poljoprivrednika, finansijsku podrsku i kolektivno
upravljanje vodnim resursima u cilju povecanja otpornosti poljoprivredne proizvodnje na
klimatske promene.

Kljuéne reci: Vodni stres, navodnjavana poljoprivreda, dinamika Stetocina i bolesti,
poljoprivrednici na malom posedu, prilagodavanje klimatskim promenama, Gana
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MAPPING YOUTH ROLES IN THE CIRCULAR ECONOMY FOR
SUSTAINABLE DEVELOPMENT GOALS (SDGS) 8, 12, AND 13,
GLOBAL EVIDENCE AND AFRICAN GAPS: -A REVIEW
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Abstract: The circular economy (CE) has emerged as a transformative framework for
achieving sustainability through resource efficiency, waste reduction, and innovation.
Youth, representing the largest generation in history, are uniquely positioned to drive CE
practices that advance Sustainable Development Goals (SDGs) 8 (decent work and
economic growth), 12 (responsible consumption and production), and 13 (climate action).

This review synthesizes literature from 2020 to 2025 to map how youth engagement
in the CE contributes to these SDGs at global and regional scales. Evidence indicates that
young people play critical roles as innovators, entrepreneurs, activists, and change agents
in CE-related sectors such as agriculture, renewable energy, waste valorization, and digital
platforms.

Despite growing global recognition of their contributions, significant research and
policy gaps persist in African contexts, where structural barriers, weak institutional
support, and limited access to finance constrain youth potential. By integrating insights
from cross-regional studies, this article not only highlights the transformative potential of
youth-led CE initiatives but also interrogates the uneven geography of evidence,
illustrating how Africa’s underrepresentation in CE scholarship risks perpetuating global
sustainability asymmetries.

The review advances a research agenda emphasizing context-specific data, capacity
building, the integration of indigenous knowledge, and inclusive policies to unlock youth
agency in CE transitions.
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Ultimately, the study underscores that achieving SDGs 8, 12, and 13 depends on
moving beyond the rhetorical inclusion of youth toward building enabling ecosystems
where their innovation and resilience can reshape production and consumption systems
for a just and sustainable future.

Keywords: Circular economy, youth, sustainable development goals, decent work
and economic growth, responsible consumption and production, climate action

INTRODUCTION

The urgency of global sustainability challenges climate change, biodiversity loss,

resource scarcity, and widespread unemployment has intensified calls for transformative
development pathways. The circular economy (CE) has gained prominence as a viable
strategy for reconfiguring economic systems by decoupling growth from resource
depletion, reducing waste, and generating inclusive opportunities for innovation and
employment [1,2]. Unlike the traditional linear model of “take, make, dispose,” the CE
emphasizes restoration, regeneration, and long-term resilience, aligning closely with the
targets of the United Nations 2030 Agenda for Sustainable Development. Youth, who
constitute the largest generation in history at 1.2 billion people aged 15years —24years,
represent both a demographic challenge and a unique opportunity for sustainability
transitions [3,4]. They are disproportionately affected by unemployment and climate
change, yet they also bring creativity, digital fluency, and entrepreneurial drive that are
essential for advancing CE practices. Globally, youth have demonstrated growing
involvement in green enterprises, sustainable consumption, and climate advocacy,
positioning them as pivotal actors in advancing multiple SDGs simultaneously.
This review is situated at the intersection of CE and youth engagement with particular
attention to three SDGs where these contributions are most visible and impactful. SDG 8
seeks to promote sustained, inclusive economic growth and decent work; SDG 12
emphasizes sustainable consumption and production patterns; and SDG 13 underscores
urgent climate action. Together, they represent domains where youth participation in CE
can deliver tangible outcomes for sustainable development [5,6].

Despite global recognition of these synergies, evidence indicates uneven
participation. In high-income regions, youth are often integrated into CE transitions
through supportive policies, financing, and educational programs. By contrast, African
youth remain constrained by systemic barriers, including limited institutional support,
weak policy frameworks, inadequate financing, and low levels of CE literacy, despite high
rates of youth unemployment and pressing climate vulnerabilities [7,8]. This imbalance
risks perpetuating global inequalities in sustainability transitions.

The objective of this paper is therefore to map the roles youth play in CE globally and
examine their contributions to SDGs 8, 12, and 13, while critically analyzing the African
context to highlight gaps in evidence, policy, and practice. The scope covers peer-
reviewed literature and policy reports published between 2020 and 2025, synthesizing
insights from both developed and developing regions. By adopting a comparative lens, the
article contributes to ongoing debates on how youth can be empowered to drive CE and
proposes directions for future research and policy, with particular emphasis on Africa.
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MATERIAL AND METHODS

This review adopts a narrative synthesis approach to explore how youth participation
in circular economy (CE) initiatives contributes to the achievement of SDGs 8, 12, and 13
globally, while identifying gaps in African contexts.

A narrative review was deemed appropriate because the literature on youth and CE
is still emerging, fragmented across disciplines, and often situated in policy reports rather
than consolidated empirical studies. This approach allows for integration of diverse
sources and thematic analysis of patterns, barriers, and opportunities.

Data Sources and Search Strategy

Relevant publications were identified through searches of academic databases
including Scopus, Web of Science, ScienceDirect, and Google Scholar, complemented by
organizational repositories from the United Nations [9,10]. The search covered the period
January 2020 to March 2025, to capture recent developments and align with the surge of
CE research within the last five years.

Inclusion and Exclusion Criteria

Studies and reports were included if they:

Were published between 2020 and 2025.

2. Explicitly addressed youth (aged 15-35, consistent with African Union’s extended

youth definition).

Focused on CE practices relevant to SDGs 8§, 12, or 13.

4. Were peer-reviewed journal articles, systematic/narrative reviews, or authoritative
policy documents.

—_—

W

Sources were excluded if they:

e Focused solely on CE without any youth dimension.

e  Were published prior to 2020, unless highly cited and directly relevant background
references.

e  Were opinion pieces, blogs, or non-peer-reviewed content lacking methodological
rigor.

Data Extraction and Analysis

A total of 60 high-quality publications were retained after screening for relevance and
credibility. Data were extracted on key variables such as type of youth role (innovator,
entrepreneur, consumer, advocate), sectoral focus (agriculture, waste management,
renewable energy, digital platforms), and linkages to SDGs 8, 12, and 13. Publications
were then analyzed thematically, with findings organized into global trends and African-
specific evidence.

Scope and Limitations

The review focuses primarily on academic literature but integrates grey literature
(e.g., UN reports, NGO briefs) to capture African evidence where peer-reviewed
publications remain scarce.
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While the narrative approach provides flexibility and inclusivity, it does not allow for
statistical meta-analysis, meaning findings are interpretive rather than quantifiable.
Nevertheless, the synthesis offers a robust overview of global patterns and highlights
critical evidence gaps in Africa.

Youth Roles in Advancing SDG 8: Decent Work and Economic Growth

Global evidence underscores that the circular economy (CE) provides significant
opportunities for youth employment and entrepreneurship. By shifting production systems
toward resource efficiency and waste reduction, CE sectors such as waste management,
renewable energy, green manufacturing, and sustainable agriculture are opening new
frontiers for labor markets and enterprise creation [3]. The International Laboure
Organization estimates that the transition to greener economies could generate millions of
jobs worldwide, many of which are particularly suited to the skills and adaptability of
young people. In high-income regions, youth-led startups illustrate how circular
enterprises foster inclusive growth and job creation. For example, in Europe, youth
entrepreneurs in the sustainable fashion sector are reducing textile waste through
upcycling and digital resale platforms, creating jobs while reshaping consumer culture
[11]. In Asia, young innovators in India and China are launching CE-based enterprises in
renewable energy and e-waste management, sectors that have rapidly expanded with
government incentives and private investment [12]. These cases highlight how supportive
ecosystems combining access to finance, incubation programs, and strong policy backing
enable youth to actively contribute to SDG 8 (Decent Work and Economic Growth).

In Africa, however, the picture is more constrained. While youth show strong interest
and creativity in CE enterprises, structural barriers often limit the scalability of their
initiatives. Poor access to affordable finance, inadequate technical and business skills, and
weak institutional support reduce opportunities for growth [7,8]. [8] for instance,
document how Nigerian youth engage in palm-oil byproduct recycling and agro-waste
valorization, creating jobs at the micro-enterprise level, but face challenges of market
access, infrastructure, and regulatory recognition. Similar patterns are evident in Kenya,
where young innovators in renewable energy have developed low-cost solar and biogas
solutions but struggle to scale due to fragmented policy and financing ecosystems.

These contrasting realities reveal that while CE presents a promising pathway for
youth employment globally, Africa’s ability to harness its demographic dividend for CE
transitions depends on addressing systemic gaps. Policies that expand access to green
financing, embed CE skills in vocational training, and strengthen institutional support are
essential if African youth are to fully realize their potential in driving inclusive and
sustainable economic growth.

Youth Roles in Advancing SDG 12: Responsible Consumption and Production

Youth engagement is pivotal in reshaping consumption and production systems,
making them more sustainable and aligned with the principles of the circular economy
(CE). Globally, young people have demonstrated a willingness to embrace alternative
consumption models, from zero-waste lifestyles to the use of digital platforms for sharing
and reuse.

Their preferences exert pressure on producers and retailers to adopt environmentally
responsible practices, directly advancing SDG 12 (Responsible Consumption and
Production) [13,14].
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In Europe, student-led campaigns have successfully influenced universities and
municipalities to ban single-use plastics and implement campus-wide circular waste
systems. Similarly, in Japan and South Korea, youth movements have popularized eco-
labeling and circular consumption platforms, creating ripple effects across regional
markets. These examples highlight how youth-driven consumer trends and activism
reshape supply chains and promote accountability in production.

African contexts present a more complex picture. On one hand, limited CE awareness
and weak consumer education have constrained large-scale adoption of sustainable
practices [10]. On the other hand, youth initiatives demonstrate significant potential. In
Nigeria, young entrepreneurs are promoting agro-waste upcycling into compost and
animal feed, while in Ghana, youth cooperatives engage in plastic recycling and resale for
construction materials. In Kenya, digital platforms run by youth groups facilitate the resale
of electronics and secondhand clothing, embedding CE principles into urban consumer
culture.

These examples suggest that African youth are not passive consumers but active
agents influencing local production and consumption systems. However, without systemic
interventions such as embedding CE education into schools, incentivizing circular supply
chains, and supporting youth-led sustainable enterprises their contributions will remain
fragmented. Strengthening the consumer voice of African youth could transform markets
while aligning local production systems with global sustainability agendas.

Youth Roles in Advancing SDG 13: Climate Action

The intersection of youth participation in the circular economy (CE) and climate
action is particularly significant for SDG 13 (Climate Action). CE practices such as
reducing waste, enhancing resource efficiency, and promoting renewable energy directly
contribute to both climate mitigation and adaptation. Youth, as frontline actors, are
increasingly recognized as catalysts in linking circularity to climate resilience.

Globally, youth movements have eclevated the climate debate, with advocacy
networks such as Fridays for Future framing climate justice as a generational imperative
[15]. Beyond activism, young innovators are translating CE principles into practical
climate solutions. For example, youth-led renewable energy start-ups in India and
Southeast Asia are deploying off-grid solar technologies, reducing carbon emissions while
expanding energy access [16]. In Europe, youth-driven enterprises in sustainable
construction and low-carbon transport are reducing emissions across urban systems [17].

African youth are also linking CE practices with climate action, though within
challenging structural contexts. In Kenya, young innovators are producing biogas from
agricultural waste, reducing dependence on fossil fuels while addressing rural energy
insecurity. In South Africa, youth advocacy groups are integrating CE into climate justice
campaigns, pressing for renewable energy adoption and waste-to-value initiatives as part
of national climate strategies. Nigerian youth have similarly engaged in agro-waste
valorization, producing bio-briquettes as clean alternatives to firewood, thereby mitigating
deforestation and emissions [8].

Despite these promising initiatives, African youth face hurdles such as limited climate
financing, policy fragmentation, and weak institutional backing [7,18].
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Unlike in Europe and Asia, where youth-led climate innovations often receive
government and private-sector support, African efforts tend to remain small-scale and
under-resourced. Strengthening access to climate finance, scaling youth innovations, and
mainstreaming CE in national climate strategies would significantly enhance Africa’s
contribution to SDG 13.

Overall, youth engagement in CE not only contributes to climate mitigation but also
builds resilience against climate-related shocks, positioning them as essential actors in the
global climate agenda.

RESULTS AND DISCUSSION

African Gaps and Challenges

Although youth participation in the circular economy (CE) is gaining global
recognition, African contexts remain underrepresented in both research and practice. The
review highlights four interrelated challenges that explain this imbalance: policy gaps,
financial constraints, educational deficits, and institutional weaknesses.

Policy Gaps. While Europe and Asia have established clear policy frameworks that
mainstream CE into national sustainability agendas, African policies are often fragmented
or remain at the pilot stage [2,19]. For instance, the European Union’s Circular Economy
Action Plan provides a comprehensive roadmap with explicit youth inclusion strategies
[20], while China’s circular economy law mandates resource efficiency across industries
and promotes green skills training for young professionals. In contrast, many African
governments only reference CE indirectly through waste management, climate adaptation,
or green growth policies [7]. For example, South Africa’s 2020 Circular Economy
Roadmap outlines principles of resource recovery and industrial symbiosis but lacks
strong mechanisms for youth capacity-building and entrepreneurship. Similarly, Nigeria
has embedded elements of circularity in its National Policy on Solid Waste Management
(2020) and the Energy Transition Plan (2022), but these documents remain fragmented
and do not provide a coherent national CE strategy. Efforts by state governments such as
Lagos State’s ban on single-use plastics and Oyo State’s digital waste management app
illustrate localized action, but they are yet to be harmonized into a national framework.
This lack of coherent policy direction limits opportunities for youth to access structured
support, funding, and training, and reduces the visibility of CE as a viable career pathway.
By comparison, youth in Europe and Asia benefit from institutionalized programs that
integrate CE into education, entrepreneurship incubation, and job creation initiatives.

Strengthening African policy coherence around CE is therefore critical for unlocking
the demographic dividend of youth and ensuring that circular strategies contribute
meaningfully to SDGs 8, 12, and 13.

Financial Constraints. Access to finance remains one of the most persistent barriers
for African youth in CE. Unlike regions where venture capital, impact investing, and green
financing instruments are expanding rapidly, African youth entrepreneurs often rely on
small grants, family networks, or informal savings groups [21]. This reliance on micro-
finance mechanisms restricts the scalability, innovation, and long-term sustainability of
youth-led circular initiatives.
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For example, while youth start-ups in Europe benefit from robust support through
incubators, accelerator programs, and blended finance instruments that de-risk green
ventures (World Economic Forum, 2021), similar mechanisms remain rare or underfunded
across much of Africa [7,22]. In Nigeria, youth circular start-ups such as Pakam and
Ecobarter have struggled to scale without access to consistent investment, depending
largely on donor-backed competitions, crowdfunding, or prize funding. National
development banks and commercial lenders have yet to mainstream CE financing, with
most loan products still designed for conventional agriculture or manufacturing. Some
progress is emerging. The African Development Bank’s Youth Entrepreneurship and
Innovation Multi-Donor Trust Fund and the African Circular Economy Facility (ACEF)
are piloting targeted financing schemes, but their reach is limited relative to the scale of
youth demand. Similarly, Nigeria’s YouWin Connect and Tony Elumelu Foundation
entrepreneurship programs occasionally fund circular enterprises, though not as a strategic
priority. Without institutionalized green finance pipelines such as concessional loans, tax
incentives, and venture partnerships youth entrepreneurs across Africa remain at a
disadvantage compared to their global peers.

Addressing this financing gap is essential for unleashing the full potential of youth
in CE, as it directly impacts their ability to create sustainable jobs, reduce waste, and drive
climate-friendly innovation, thereby advancing SDGs 8, 12, and 13. Educational Deficits.
Youth engagement in CE is closely tied to education and skills development. In Asia and
Europe, CE concepts are being mainstreamed into curricula at vocational, tertiary, and
professional levels, equipping young people with the technical knowledge required to lead
CE transitions [23, 24]. In contrast, most African education systems have been slow to
integrate CE into formal curricula, leaving many young people without the green skills
demanded by emerging CE industries [25,10]. The absence of targeted CE training
contributes to a gap between youth enthusiasm for sustainability and their practical
capacity to engage meaningfully.

Institutional Weaknesses. Finally, weak institutional support undermines youth
participation in CE across Africa. While youth-led cooperatives and grassroots initiatives
exist in waste valorization, agriculture, and renewable energy, they often operate
informally, without adequate infrastructure, regulatory recognition, or market linkages
[26,8]. This contrasts sharply with other regions, where enabling ecosystems including
research centers, innovation hubs, and multi-stakeholder platforms facilitate youth
engagement in CE transitions [1,27].

Taken together, these challenges underscore a structural imbalance: Africa possesses
one of the world’s largest youth populations and faces some of the most urgent
sustainability threats, yet its youth remain marginal in CE transitions. Unless systemic
reforms are undertaken through coherent policies, targeted financing, educational
integration, and institutional strengthening African youth risk being excluded from global
CE opportunities, perpetuating sustainability asymmetries between regions.

Future Directions and Research Gaps
This review identifies three priorities:

1. Empirical evidence from Africa: More field-based studies are needed to document youth
contributions to CE and SDGs in African contexts.
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2. Policy-focused research: Comparative studies on enabling environments could guide
African governments.
3. Interdisciplinary approaches: Integration of indigenous knowledge, digital innovations,
and CE practices could strengthen youth-led initiatives [28].

CONCLUSIONS

This review has examined the multifaceted roles of youth in advancing circular
economy (CE) practices and their contributions to Sustainable Development Goals
(SDGs) 8 (decent work and economic growth), 12 (responsible consumption and
production), and 13 (climate action).. The synthesis of global evidence demonstrates that
young people act as innovators, entrepreneurs, consumers, and advocates in driving CE
transitions. Their participation has fostered job creation, promoted sustainable production
and consumption, and contributed to climate action through both grassroots activism and
enterprise innovation. These roles underscore the transformative potential of youth as
agents of systemic change in sustainability pathways.

However, the analysis also reveals sharp global asymmetries. While youth in Europe,
Asia, and parts of Latin America benefit from supportive ecosystems that integrate policy,
finance, and education, African youth face persistent structural barriers. Limited access to
finance, weak policy frameworks, inadequate integration of CE into education systems,
and fragile institutional support constrain their ability to scale innovations. This
underrepresentation not only reduces Africa’s contribution to global CE transitions but
also risks deepening sustainability inequalities between regions. The review makes three
key contributions. First, it maps youth roles in CE across multiple contexts, aligning them
explicitly with Sustainable Development Goals (SDGs) 8 (decent work and economic
growth), 12 (responsible consumption and production), and 13 (climate action). Second,
it identifies critical gaps in African contexts, highlighting the need for context-specific
research and policy. Third, it advances a future agenda that emphasizes building enabling
ecosystems through coherent policies, inclusive financing, integration of indigenous
knowledge, and targeted capacity building.

Ultimately, the achievement of Sustainable Development Goals (SDGs) 8 (decent
work and economic growth), 12 (responsible consumption and production), and 13
(climate action) depends not only on technological or policy innovation but also on
recognizing and empowering youth as central actors in CE transitions. For Africa, this
requires moving beyond rhetorical inclusion to practical action investing in youth
capacities, expanding opportunities for green employment, and embedding CE in
educational and institutional systems. Doing so will not only unlock the demographic
dividend but also position African youth as co-creators of a just and sustainable global
future.
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MAPIRANJE ULOGA MLADIH U CIRKULARNOJ EKONOMIJI
U OSTVARIVANJU CILJEVA ODRZIVOG RAZVOJA-COD 8,12,13:
-PREGLED GLOBALNIH DOKAZA SA FOKUSOM
NA NEDOSTATKE U AFRICI

Adeola Sylvester Adams*!, Adetunji Lawrence Kehinde?

12Global Affairs and Sustainable Development Institute, GASDI,
Osun State University, Osogbo, Nigeria

Apstrakt: Cirkularna ekonomija (CE) pojavila se kao transformativni okvir za
postizanje odrZivosti kroz efikasno koris¢enje resursa, smanjenje otpada i inovacije.
Mladi, kao najveca generacija u istoriji, jedinstveno su pozicionirani da podsti¢u prakse
cirkularne ekonomije koje doprinose ostvarivanju Ciljeva odrzivog razvoja-COR, (eng.
SDGs) 8 (Dostojanstven rad i ekonomski rast), 12 (Odgovorna potrosnja i proizvodnja) i
13 (Akcija za klimatske promene).

Ovaj pregled sintetizuje nauc¢nu literaturu iz perioda od 2020 do 2025. godine, kako bi
mapirao-pokazao na koje nacine angazovanje mladih u CE doprinosi ovim ciljevima na
globalnom i regionalnom nivou.

Dokazi pokazuju da mladi imaju kljuéne uloge kao inovatori, preduzetnici, aktivisti i
akteri promena u sektorima povezanim sa CE, kao $to su poljoprivreda, obnovljivi izvori
energije, valorizacija otpada i digitalne platforme.

Uprkos rastu¢em globalnom prepoznavanju njihovog doprinosa, znacajne istrazivacke i
politicke praznine i dalje postoje u africkim kontekstima, gde strukturne prepreke, slaba
institucionalna podrska i ograni¢en pristup finansijama ograni¢avaju potencijal mladih.
Integracijom uvida iz meduregionalnih studija, ovaj rad ne samo da istice transformativni
potencijal inicijativa mladih u okviru CE, vec¢ i problematizuje ne ujednacenu geografiju
dokaza, pokazujuéi, kako nedovoljna zastupljenost Afrike u oblasti CE istrazivanja moze
doprineti odrzavanju globalnih nejednakosti u odrzivosti.

Pregled predlaze istrazivacku agendu koja naglasava potrebu za kontekst-specifi¢nim
podacima, izgradnjom kapaciteta, integracijom autohtonog znanja i inkluzivnim
politikama koje mogu osloboditi agenciju mladih u tranzicijama ka cirkularnoj ekonomiji.
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Konacno, studija naglasava da postizanje COR (Ciljeva odrzivog razvoja, eng. SDGs) 8,
12 1 13 zahteva prelazak sa retorickog ukljucivanja mladih na stvaranje podsticajnih
ekosistema u kojima njihove inovacije i otpornost mogu preoblikovati sisteme proizvodnje
i potro$nje u pravcu pravedne i odrzive buduénosti.

Kljucne reci: Cirkularna ekonomija, mladi, ciljevi odrzivog razvoja, dostojanstven
rad i ekonomski rast, odgovorna potrosnja i proizvodnja, klimatska akcija
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DESIGN AND CONSTRUCTION OF THE IMPACT OF JET
APPARATUS FOR THE FLUID MECHANICS LABORATORY
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Abstract: The design and construction of the impact of the jet laboratory apparatus
have been completed. The design analysis was carried out for the apparatus's significant
components: the pipe, the cylinder, the flat plate, the curved cup, and the spring. The areas
of the big elbow PVC and nozzle pipe are 0.0010752 and 0.0004908 m?, respectively. The
area and volume of the transparent PVC cylinder are 0.5026 m? and 0.4021 m>
respectively. The area and volume of the flat plate and the hemispherical cup are 0.000625
m? and 0.134 m?, respectively. The maximum weight the spring can carry was determined
to be 70.1 N, while the highest mass was 7.1 kg. The deflection of the spring was
calculated to be 4.3 m. The jet impact efficiency was 92 %. The results from the flat plate
experiment with the nozzle at 90° showed that the mass increased from 0.05 to 0.5 kg,
with a corresponding increase in discharge from 0.3162 to 0.7257 m®/s. The results from
the curve cup for the nozzle at 180 ° showed that the mass increased from 0.05 to 0.2 kg,
with the same increase in discharge from 0.156 to 0.1891 m?s, while the discharge
decreased from 0.189 to 0.1766 m?/s, as the mass increased from 0.25 to 0.5 kg.

Keywords: Design and construction; PVC pipe; nozzle; flat plate and curved cup;
spring; straight iron rod.

INTRODUCTION

The jet's impact is utilized to rotate the turbine, namely the Pelton wheel, in the
generator as noted by [1]. The water jet exerts a tangential force on the wheel. The
tangential forces of the water jet produce maximum torque on the wheel, thus enhancing
the mechanical energy of the wheel, which is then turned into electrical energy.
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Additionally, another application of water jet technology is the water jet cutter. A water
jet cutter can slice through metal and other materials using high-pressure, high-velocity
water jets, a process akin to natural water erosion but accelerated and concentrated [3].
This apparatus measures the force produced by a water jet impacting a flat plate or a
hemispherical cup and compares the findings with the calculated momentum flow rate of
the jet [8,9]. The design and building of the jet laboratory apparatus is intended for
demonstration purposes in a laboratory setting. The operation of this apparatus
incorporates several geometries (flat plate, curved, and hemispherical). The target is
encircled by a rod, a top which is a cup that can accommodate weights, supported by a
spring, with the jet impacting the cup to provide force measurement [9-12]. The jet
laboratory apparatus facilitates experiments on the vane. The examination of these
response forces is a crucial phase in fluid mechanics and applies to hydraulic machinery
such as the Pelton wheel and the impulse turbine [10]. Currently, the force of water jets is
extensively utilized in many mechanical applications, including surface cleaning and
treatment [8]. The primary issue with conventional mechanical cutting tools is their
significant wear from direct contact with the workpiece, which rapidly increases cutting
temperature. Degraded tools generate elevated cutting forces. This critical issue can be
resolved using water-jet force technology, which avoids thermal complications such as
recast layers and thermal distortion while exerting minimal stress on the work material
[12]. This process is accomplished by generating a high-velocity stream of water, with or
without abrasives, that removes material primarily through erosion. The erosive impact of
water-jet forces has been used since the early 1930s in the tunnelling and mining sectors.
At that time, it was feasible to generate a pump pressure of around 10 MPa [11]. The
consistent application of water jet technology commenced circa 1975 for the cutting of
newborn nappies using pure water. The essential expansion of potential applications
occurred around 180, with the incorporation of abrasives such as sand (garment) or
corundum (aluminum oxide), resulting in a notable enhancement in cutting performance
[14]. Recent advancements in water jet force technology enable its application across
nearly all production processes involving a diverse array of materials. Unlike mechanical
cutting processes, the waterjet cutting tool is not a rigid body but rather a stream of fluid.
Throughout the process, its geometric dimensions and fluid flow are variable. The system
encompasses the intricacies of jet formation and the fluid dynamics in the free air space,
where mass and energy are transported [13]. [13] asserted that water exists from a
combination of orifices and traverses within the beam stream. It is comparable to a river,
where the stream remains constant, although the flowing water displays geographically
and temporally varying flow rates. Furthermore, at the orifice of a jet nozzle, the beam
width and length may remain constant over time. [ 13-16] elucidated that a fluid jet consists
of a stream of fluid ejected from the nozzle at high velocity, resulting in elevated kinetic
energy. A jet striking a plate or vane puts a force on it due to a change in momentum [16].
[8] observed that chondrules may have originated in environments abundant in dust (high
dust-to-gas ratio), resembling impact plumes more than conventional depictions of the
solar nebula. These concepts employed turbulence to aggregate dust and proposed that
shock waves or high-energy collisions supply the energy for melting. [9] approached the
issue from an alternative perspective and suggested that the dust was highly concentrated,
accumulating into substantial formations, so creating dust piles upon which one can stand.
A significant impact disrupts their objectives, as previously discussed.
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The initial phase of an effect entails intense pressure and energy, resulting in the total
melting of material at the interface between the impactor and the target body, which is
then ejected at high velocity. Both theoretical and experimental evidence indicate that in
the early phases of a high-velocity impact, a jet of molten material emanates radially from
the point of impact and disperses from both bodies [16].

MATERIALS AND METHODS

The components listed below were used to design the impact of the jet apparatus.

(1) A stem or connecting rod; (2) Loading pan or scale or weight pan; (3) Deflectors
(vane); (4) PVC Nozzle; (5). Helical Spring; (6). Meter rule; (7). Pointer; (8). Three (3)
binding or holding rods; (9). Nuts; (10). Base plate (top and bottom); (11). Supply and
inlet connection; (12). Drain connection or discharge; (13). three (3) Iron legs stand [4,
5, 14].

Tools used for the construction of the project

(1). A tape; (2). A steel rule; (3). Venier-calliper; (4). Gum; (5). Spanner;
(6). Scriber; (7). Spanner (8). Rubber fittings; (9). Washer [6].

Design considerations

The following were considered for using the materials [9].

A transparent cylinder to see the impact of jets

A nozzle designed for producing a jet

Spring assisting in compression and supporting the weight pan

The apparatus can be positioned on the hydraulic bench.

Drainage or discharge part for expelling water post-readings

The flow rate and, consequently, the impact force must be modified from the

supply.

N e

These were the assumptions made [14].

1. The interaction between water particles and the target surface is free of friction.
2. When water molecules impact the target surface, they will maintain a consistent
angle with the water jet, ensuring that the target surface remains stationary.

3. The collision between water molecules and the target surface is fully elastic.
The kinetic energy and linear momentum of the water jet are consequently
conserved.

4. The size of the water jet's force remains constant as it exits the nozzle and
impacts the target.

5. The aircraft is positioned as near as feasible to the water jet's acceleration.

APPARATUS SET-UP [16].

Detach the upper plate of the equipment and clear the enclosure.

Assess the diameter of the nozzle.

Fix the flat target to the bar linked to the weight pan.

Reassemble the device and position it in the bench channel.

Attach the device hose to the water supply.

Adjust the apparatus base to a level position utilizing the black feet.

Align the pointer with the datum line on the weight pan, reducing friction in the
spring by oscillating the weight pan.

Nk
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Description of the apparatus [11].

Once the apparatus is assembled (see the setup procedure above), connect the feed
tube of the hydraulics bench to the rear base of the jet impact apparatus, and install the
0.37m nozzle along with the flat target. Activate the pump or tap to initiate water flow,
directing nozzle discharge at the target. Once the target has stabilized, deactivate the
pump to halt the supply, pause the stopwatch, and record your measurements before
discharging the water for the subsequent experiment.

1. Position a 50g mass on the weighing pan.

2. Activate the electricity at the wall outlet.

3. Activate the pump at the bench control panel and open the red valve to initiate
the water delivery. The pump must be deactivated while the water supply is not
in use; otherwise, it may overheat and fail.

4. Regulate the flow rate via the red valve until the datum line on the weight pan
aligns with the pointer once more (slightly jostle the pan to mitigate friction in
the spring).

5. Measure the flow by lowering the ball plug and measuring volume rise with
time using the top volume indicator on the side of the bench. Initiate the
stopwatch upon the level reaching zero.

6. Persist in adding 50g weight and reiterate the procedure until you obtain ten
measurements.

7. Experiment again, utilizing the 1200 and hemispherical targets.

Weight pan

=i - Level gauge
Spring —

Knurled screw

___ Target plate

—— Nozzle

Inlet pipe
- Adjustable feet

Fig.1. Impacts of jets laboratory apparatus.
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DESIGN EQUATIONS
The area of the PVC Nuzzle, according to [3-6], is given by equation (1).
Diameter of nuzzle di = 37mm (0.037m); d> = 25mm (0.025m)

2
Area; = % (1)
2
Area, = % ()
The volume of the transparent cylinder is stated by [10] in equation (3).
Volume, V = nr?h 3)

Where: D = outer diameter; d = inner diameter; r = radius; h = height
D = 80mm (0.8m), r = 40mm = (0.4m), h = 800mm (0.8m)

2

Area Ac= % (4)
The volume of the hemispherical cup,

3
V=2 (5)
The area of the Flat cup.
Area = lenght X width (6)

The maximum load the spring can carry, according to [7], is given in equations
(7-13).
The parameters of the Helical Spring:
D = 60mm (0.60m),d = 6mm(0.06m),n = 20mm (0.2m), W = 800N
Where, D = Outer diameter; d = inner diameter; n = number of springs;
W = Loaded mass

2

Area of the spring, % @)
C = Spring index = % ®)
Shear stress factor k, = 1 + 21_c 9
Maximum shear stress T = kg X % (10)

(neglecting the effect of wire curvature)
The maximum load the spring can carry,
From shear stress t
Txmxd3
= ksx8xD an
Therefore, the maximum weight the spring can carry = 7.1k,
The modulus of rigidity for the spring material, G (N/mm?)

Force

12)
area
The deflection (8) of the spring because of an axial load,
_sw.p? 13
=—0 13)

The efficiency of Impact of Jets (77,.,) as given by [15] is stated in eqn. (14).

The input diameter of a straight iron bar is 55mm; the output diameter of the spring
is 60mm.
Input

Met = 2% % 100 (14)

output
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Newton’s Second Law of Motion

This law states that “The net forces are equal to the rate at which momentum
changes” or

The force acting on an object is equal to the mass of that object times its
acceleration.

F =ma (15)

Where, F = force; M = mass; a = acceleration

Newton’s Third law of motion [12].

This law states that for every action, there is an equal and opposite reaction.”

MOMENTUM EQUATION

Newton’s second law states that “the sum of forces acting on an element of fluid to
its acceleration is equal to the rate of change of momentum [8-10].

p=mv (16)

Where, P = momentum of the body; m = mass; v = velocity of the body.

Mathematical derivations.

Applying the momentum equation in the y-direction, the force exerted by the vane,
F;, is given by [12-16] and is presented in equation (17).

Fy = pQWVour — Vin) (17)

Where Vout is the velocity of the jet before striking the plate, and Vin is the velocity
of the plane after striking the plate.

Force on a flat plate

F = pQ(Vout - Vin) (18)

The velocity of the jet after striking the plate is equal to zero (Vix=0).

Fi = pQVous — 0)

Fy = pQV

Force on a curved plate

F, = pQV(cos6 +1) (19)
6 = (180 —§)

- fluid flow deflection.
Where, Q = Discharge from the nozzle; V = velocity of jet; A, = area of the nozzle

v=2< (20)

An
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(a) Front view (b) 3D-view

Fig. 2. The three 3D Impact of Jet (a) and (b).
(b). 3D-view. 1-the mass (kg); 2- the meter rule (m); 3- the PVC pipe inside the

172.55

Fig. 3. The autographic drawing of the Impact of Jets.
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CONSTRUCTION PROCEDURES

The construction procedures in this project involve measuring, marking out, cutting,

bending, and assembling.

Table 1. Construction Procedures.

s/n Operation Tools used Description

1 Measuring, marking, and Tape, steel rule The mild steel rod was placed in the vice and
cutting out the required vice, hawk saw. tightened firmly. The required length is measured
length for the binding rods and marked with the steel rule and scriber, then cut.
and the legs.

2 Measuring, marking out, Tape, steel rule, The steel plate was placed correctly, measured out,
cutting off, and bending the | vernier caliper, and marked. Then the marked-out part was punched
base plate vice, hawk saw, round and gently removed and filed for smoothing,

scriber then re-measured

3 Measuring, marking, and Vernier caliper, The top and bottom plates were placed correctly,
perforating scriber, drilling measured, marked out, and drilled (a hole was

machine made) to the diameter of the binding or holding rod.

4 Assembling the round steel | Soldering The steel round iron was soldered on top of the base
irons on the base plate, both | machine plate
the top and bottom.

5. | Fitting the nozzle and the Screw in the nozzle pipe to the base plate, then
discharge pipe on the insert the nozzle, secure it to the discharge pipe, and
bottom plate test the flow rate, etc.

6 Fitting the metre rule, the Plier, welding Place the meter rule on the base plate after bending
steam, spring, weight pan, machine and tack it up by welding it lightly; screw in the
and pointer. pointer by the side, fit in the weight pan on the

stem, put in the spring on the top base plate, push in
the stem, and ensure it is free to move up and down.

7 Fitting in the legs Hand only The legs with the fitting rubbers were first fixed at

one end, and the other end was screwed into the
base plate.

8 Assembling the Spanners Place the above set bottom plate; as it's firm, check
components to produce the it first, gently fit the transparent glass, and check for
work leaks. Connect the binding rods, place the top plate,

and check leakages. If none, then fix in the vanes
and go for testing.

9 Experiment
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Table 2. Bill of Quantity of Materials.
S/N Material Part No Unit cost Total
1 Spring 1 400 400
2 Meter rule 1 300 300
3 Round plate 2 2000 4000
4 Weight pan 1 1000 1000
5 Vanes or target 2 4000 4000
6 Nozzle 2 1000 2000
7 Stem 1 1000 1000
8 Transparent glass 1 65000 65000
9 Binding rods 3 1200 3600
10 Legs 3 1000 3000
11 Rubber 3 200 800
12 Washer 6 20 200
13 Nuts 6 200 200
14 Discharge pipe 1 600 600
TESTING APPARATUS

The primary components of the testing apparatus consisted of a hydraulic bench and
a 120-gallon tank. The supplies for the testing apparatus comprise a clear cylinder for
observing jet impact, a stopwatch, a measuring bucket, a flat plate, a curved plate, and
masses of varying kilograms for the experiment. A distinct target plate was secured in the
opposite orientation to the nozzle, with the water jetting nozzle affixed to a tank. The tank
was opened, and the machine was activated for jet flow to assess performance. After the
mass in the spring achieves a stable position, and the fluid jet impacts the flat plate or
curved cup, measurements on the meter rule will be recorded, along with time, mass, and
water volume. The experiments will persist until ten (10) readings are completed [2, 19].

RESULTS ANALYSIS AND DISCUSSION

The results from the design and construction of the jet's impact are in Table 3 and

Figs. (4-5).
Tab. 3. the Impact of Jet design results
Meter | Area(A) | Volume | Ratio | Mass Weight | Efficiency
(m) m’ V)ym’ (kg) N) (%)
Area of the 0.0010752
bigger pipe
Area of the 0.0004908
nozzle pipe
The 0.5026 0.4021
transparent
cylinder
Hemispherical 0.134
cup
Flat plate 0.000625
Spring weight 70.1
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Maximum
mass the
spring can
carry

Contin. Tab.3.

7.1

Spring
deflection

43

Impact of Jet
performance

92

Table 3 shows the results of the design analysis of the impact of the jet laboratory
apparatus. The areas of the big elbow PVC and nozzle pipe are 0.0010752 and 0.0004908
m2, respectively. The area and volume of the transparent PVC cylinder are 0.5026 m? and
0.4021m> respectively. The area and volume of the flat plate and the hemispherical cup
are 0.000625 m2 and 0.134 m3, respectively. The maximum weight the spring can carry
was determined to be 70.1 N, while the highest mass was 7.1 kg. The deflection of the
spring was calculated to be 4.3 m. The jet impact efficiency was 92 %. Most of the results
from this design analysis are consistent with or similar to those of [10,21].

0.6

05}

T

—a—Different Masses [kg]

04 045

05 O055_ 06 065 07 07 08

Q; [Ms]

Fig.4. Mass vs. discharge (flat plate for nozzle at 90 °)

Figure 4 is the graph of mass vs. discharge (flat plate for nozzle at 90 °). The mass is
directly proportional to the discharge. The increase in mass during the laboratory
experiment led to a corresponding increase in discharge. The mass increases from 0.05 to
0.5 kg, while the discharge rises from 0.3162 to 0.7257 m%/s [4,5].
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Fig. 5. Mass vs. discharge (curve cup for nozzle at 180 °)

Fig. 5 shows mass vs. discharge (curve cup for the nozzle at 180 °). The graph is
curved. This signifies that the experiment conformed to the shape of the curve cup used in
the apparatus. At first, as the mass increased, the discharge increased too, but at a certain
point in the experiment, the discharge decreased as the mass increased. The mass increased
from 0.05 to 0.2 kg, while discharge rose from 0.156 to 0.1891 m3/s [15]. Conversely, the
discharge decreases from 0.189 to 0.1766 m3/s, while the mass increases from 0.25 to 0.5
kg, as seen in Table 4 below.

Tab. 4: Flat Plate for nozzle at 90 ° and curved cup for nozzle at 180

Flat Plate Hemispherical (curved) cup 180
mass on pan m Velocity (V) Q (m’/s) Velocity (V) Q (m’/s)
(kg) (m/s) (m/s)
0.050 2.208 0.3162 3.19 0.156
0.100 3.128 0.3212 4.512 0.1857
0.150 3.825 0.3974 6.38 0.1893
0.200 4.417 0.4590 7.14 0.1891
0.250 4.938 0.5131 7.82 0.189
0.300 5.410 0.5621 8.44 0.187
0.350 5.843 0.6072 9.025 0.1856
0.400 6.246 0.6491 9.57 0.1833
0.450 6.625 0.6885 10.09 0.1768
0.500 6.984 0.7257 10.10 0.1766
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CONCLUSION

The design and construction of the impact of the jet laboratory apparatus have been
completed. The areas of the big elbow PVC and nozzle pipe are 0.0010752 and 0.0004908
m?, respectively. The area and volume of the transparent PVC cylinder are 0.5026 m? and
0.4021m> respectively. The area and volume of the flat plate and the hemispherical cup
are 0.000625 m? and 0.134 m?, respectively. The maximum weight the spring can carry
was determined to be 70.1N, while the highest mass was 7.1 kg. The deflection of the
spring was calculated to be 4.3m.

The jet impact efficiency was 92 %. The results from the flat plate experiment with
the nozzle at 90° showed that the mass increased from 0.05 to 0.5 kg, while the discharge
rose from 0.3162 to 0.7257 m?/s. The results from the curve cup experiment at 180° for
the nozzle showed that the mass increased from 0.05 to 0.2kg, with the same increase in
discharge from 0.156 to 0.1891 m?/s, while the discharge decreased from 0.189 to 0.1766
m?®/s as the mass increased from 0.25 to 0.5 kg.
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PROJEKTOVANJE I KONSTRUKCIJA APARATA ZA ISPITIVANJE
UDARA MLAZA U LABORATORIJI MEHANIKE FLUIDA

Johnson E. Igwe!, Uduma L. Okoro!, Chijioke Igwe!.

!Mechanical Engineering Department, Michael Okpara University of Agriculture,
Umudike, Nigeria.

Apstrakt: Projektovanje i izrada laboratorijskog aparata za ispitivanje udara mlaza su
uspesno realizovani. Proracunska analiza sprovedena je za klju¢ne komponente — delove
ovog aparata: cev, cilindar, ravnu plo¢u, zakrivljenu (poluloptastu) ¢aSicu i oprugu.
Povrsine velikog PVC kolena i mlaznice iznose 0,0010752 m? i 0,0004908 m?,
respektivno. PovrSina i zapremina providnog PVC cilindra iznose 0,5026 m? i 0,4021 m®.
Povrsina i zapremina ravne ploCe i hemisferi¢ne lopte iznose 0,000625 m? i 0,134 m°.
Maksimalna sila koju opruga moze da podnese odredena je na 70,1 N, dok je maksimalna
masa 7,1 kg. Deformacija opruge izracunata je na 4,3 m. Efikasnost udara mlaza iznosila
je 92%.

Rezultati ogleda sa ravnom plo¢om pri uglu mlaznice od 90° pokazali su da se masa
povecava od 0,05 kg do 0,5 kg, uz odgovarajuée povecanje protoka sa 0,3162 m3/s na
0,7257 m?s. Rezultati za poluokruglu diznu pri uglu mlaznice od 180° pokazuju da se
masa poveéava od 0,05 kg do 0,2 kg, uz povecanje protoka sa 0,156 m*/s na 0,1891 m?/s,
dok se protok te¢nosti smanjuje sa 0,189 m3/s na 0,1766 m>/s pri porastu mase od 0,25 kg
do 0,5 kg.

Kljuéne reci: Projektovanje i konstrukcija; PVC cev, mlaznica,
ravna ploca i zakrivljena casica; opruga; prava celicna Sipka.

Prijavljen:

Submitted: 27.01.2026.
Ispravljen:

Revised: 15.02.2026.
Prihvaéen:
Accepted:19.03.2026.


https://www.scribd.com/presentation/263891559/Different-Types-of-Rocket-Nozzles
https://www.scribd.com/document/71328788/Impact-of-a-Jet

CIP Karanoruzanuja y myoauKanuju

Haponna 6ubnmorexa Cpouje, beorpas

631(059)

MNOJbOMNMPUBPEJIHA TEXHUKA : nayunu gacomnuc =
Agricultural Engineering : Scientific Journal /

onroBopuu ypenuuk Muho B. Omaua — T'og. 1, 6p. 1, (1963)
beorpan; 3emyH: MTHCTUTYT 3a MOJBONIPUBPEAHY TEXHHKY,
1963 - beorpan. (ltammapuja: DUGA MOTIV ,

11030 beorpan). - 25 M

Tpomeceuno. — Ilpexkun y uznaxemy oa 1987-1997. ronune
ISSN 0554-5587 = ITosponipuBpeIHA TEXHUKA
COBISS.SR-ID 16398594




	00 Korice 01-2-3-4  PT_01-2026 END.pdf
	00 PT_04-2020 Korice 1-2-3-4.pdf
	New Korice PT_03-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	Sadrzaj FINAL - PT_01-2019

	00 Sadrzaj  END PT_03-2019 - DOI oznake 01
	01 Petrovic_Simboli_END 02
	02 Bracanovic et al._END 02
	03 Zivkovic M. et al. END 02
	04 Nigeria Nwakuba_END 02
	05 Chineze Okeke_END 02
	06 Oduma Nigeria 02_END 02
	07 Oluwasun EROSION Nigeria_END 02
	Zadnja CIP  DRUID Radionica  CIP
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018


	00 Sadrzaj - PT_04-2020
	01. Popovic et al NEW PRIJAVA The Importance END 00 
	02. Trisovic, Koprivica i sar END
	03. Ukachi and Sylva .....CHIPPING MACHINE - END1
	04. Augustine PRIJAVA _African Star Apple .... Physical Properties - END...
	05. PETER Vindis_et_al PRIJAVA - END
	06. Ntunde et al - END
	07. Ide Patrick et al - END
	08 Zadnja CIP  PF Zemun
	000 PT_04-2019 END Korice 1-2-3-4.pdf
	PT_04-2019 END.pdf
	1.New Korice PT_04-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf


	www Journal  - NOVO Urednici ENG .pdf

	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 




	PT   Str 3  Matrica

	Sadrzaj END - PT_04-2019
	00 Petrovic_Simboli_4deo FINAL
	01 Mago Laslo FINAL
	02 Darko Opoku FINAL
	03 ODUMA Antropometrija FINAL
	04 Amos Umaru FINAL
	05 Paprike susenje FINAL
	06 Zlata Bracanovic FINAL
	Zadnja CIP  PRINT-M
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018



	00 PT_01-2026_Sadrzaj DOI 
	01. Busari et al
	02. Oladiran et al
	03. Ormafo et al
	04. Oleide et al
	05. Aviara et al
	06. Ackah et al
	07. Adams et al
	08. Igwe et al
	9. PT_02-2026 Zadnji list korica
	Korice 01-2-3-4  PT_03-2021.pdf
	00 PT_04-2020 Korice 1-2-3-4.pdf
	New Korice PT_03-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	Sadrzaj FINAL - PT_01-2019

	00 Sadrzaj  END PT_03-2019 - DOI oznake 01
	01 Petrovic_Simboli_END 02
	02 Bracanovic et al._END 02
	03 Zivkovic M. et al. END 02
	04 Nigeria Nwakuba_END 02
	05 Chineze Okeke_END 02
	06 Oduma Nigeria 02_END 02
	07 Oluwasun EROSION Nigeria_END 02
	Zadnja CIP  DRUID Radionica  CIP
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018


	00 Sadrzaj - PT_04-2020
	01. Popovic et al NEW PRIJAVA The Importance END 00 
	02. Trisovic, Koprivica i sar END
	03. Ukachi and Sylva .....CHIPPING MACHINE - END1
	04. Augustine PRIJAVA _African Star Apple .... Physical Properties - END...
	05. PETER Vindis_et_al PRIJAVA - END
	06. Ntunde et al - END
	07. Ide Patrick et al - END
	08 Zadnja CIP  PF Zemun
	000 PT_04-2019 END Korice 1-2-3-4.pdf
	PT_04-2019 END.pdf
	1.New Korice PT_04-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf


	www Journal  - NOVO Urednici ENG .pdf

	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 




	PT   Str 3  Matrica

	Sadrzaj END - PT_04-2019
	00 Petrovic_Simboli_4deo FINAL
	01 Mago Laslo FINAL
	02 Darko Opoku FINAL
	03 ODUMA Antropometrija FINAL
	04 Amos Umaru FINAL
	05 Paprike susenje FINAL
	06 Zlata Bracanovic FINAL
	Zadnja CIP  PRINT-M
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018



	00 Sadrzaj - PT_03-2021 - DOI oznake 
	01 Ikechukwu et al END
	02 Ehiomogue et al END
	03 Laszlo MAGO et al END
	04 Lemenkova et al END
	05 Nnaemeka et al END
	06 Akpan et al END
	07 Petrovic et al END
	Korice  zadnja PT_03-2021
	00 PT_04-2020 Korice 1-2-3-4.pdf
	New Korice PT_03-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	Sadrzaj FINAL - PT_01-2019

	00 Sadrzaj  END PT_03-2019 - DOI oznake 01
	01 Petrovic_Simboli_END 02
	02 Bracanovic et al._END 02
	03 Zivkovic M. et al. END 02
	04 Nigeria Nwakuba_END 02
	05 Chineze Okeke_END 02
	06 Oduma Nigeria 02_END 02
	07 Oluwasun EROSION Nigeria_END 02
	Zadnja CIP  DRUID Radionica  CIP
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018


	00 Sadrzaj - PT_04-2020
	01. Popovic et al NEW PRIJAVA The Importance END 00 
	02. Trisovic, Koprivica i sar END
	03. Ukachi and Sylva .....CHIPPING MACHINE - END1
	04. Augustine PRIJAVA _African Star Apple .... Physical Properties - END...
	05. PETER Vindis_et_al PRIJAVA - END
	06. Ntunde et al - END
	07. Ide Patrick et al - END
	08 Zadnja CIP  PF Zemun
	000 PT_04-2019 END Korice 1-2-3-4.pdf
	PT_04-2019 END.pdf
	1.New Korice PT_04-2019.pdf
	New Korice_No1_str_1-2-3-4-Dodati novi Sadrzaj No1 SRP -ENG_2019_NEW.pdf
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf


	www Journal  - NOVO Urednici ENG .pdf

	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 




	PT   Str 3  Matrica

	Sadrzaj END - PT_04-2019
	00 Petrovic_Simboli_4deo FINAL
	01 Mago Laslo FINAL
	02 Darko Opoku FINAL
	03 ODUMA Antropometrija FINAL
	04 Amos Umaru FINAL
	05 Paprike susenje FINAL
	06 Zlata Bracanovic FINAL
	Zadnja CIP  PRINT-M
	New Korice_No4_str_1-2-3-4-Dodati novi Sadrzaj No3 SRP -ENG_2018_NEW
	00 Korice No2 str 1-2-3-4-Sadrzaj  2018 NEW .pdf
	00 Korice No2 str 1-2  2018 NEW .pdf
	00 Korice PT 1-2 END
	Korice PT 1-2-3.pdf
	01 PT  XLIII  br 1 , 2018  Korice 1  Matrica.pdf
	www Journal  - NOVO Urednici SRP 

	CIP Кatalogizacija No1- 2018

	www Journal  - NOVO Urednici ENG .pdf

	00 PT  XLIII  br 2 , 2018  Strana 3  Matrica
	00 PT  2018 Urednici - Izdavacki Savet 04 strana 2018 

	00 Sadrzaj FINAL - No2-2018

	00 Sadrzaj SRP-ENG  FINAL - No4-2018
	01 Drag MARKOVIC et al. FINAL 
	02 Slob Popovic FINAL
	03 Joksim., Markovic, Simonovic FINAL
	04 Boris Stojic, Postupak ispitivanja tr pneum
	05 The Drones MiO et. al
	Zadnje korice PAZI STAMPARIJA unutra CIP Кatalogizacija No4- 2018







