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Abstract

BACKGROUND: Agricultural pesticide use in sub-Saharan Africa has doubled over the past three decades, with a greater relative
increase for fungicides. As pesticide inputs continue to rise, so does the potential for the development of resistance. Here, we
report on a survey conducted to understand pesticide resistance awareness, pesticide-use knowledge and practices of growers
and agricultural extension officers (AEOs) in the cereals growing-belt of northern Ghana, with emphasis on fungicides. The
results may inform development of strategies for improving pesticide literacy including resistance awareness, extension ser-
vices and crop protection outcomes.

RESULTS: The survey revealed a low level of pesticide-use knowledge for AEOs and growers. This was more so for growers with
low education, predominantly women. Education level (and indirectly gender) influenced perceived effectiveness of fungicides
and levels of adoption of cultural and agrochemical best practices. Only 28% of growers and 11% of AEOs practiced crop and
fungicide rotations, respectively. More than half (53%) of the respondents indicated that fungicides used in northern Ghana are
not effective.

CONCLUSION: Given the low level of pesticide literacy of AEOs and growers, training programs on best practice for the use of
pesticides, with targeted initiatives for female growers, would improve crop protection outcomes and safety. The limited adop-
tions of crop rotation and repeated use of fungicides with the same active ingredients, along with>50% of respondents report-
ing ‘fungicides not working’ suggest the potential presence of fungicide resistance cases in growers' fields in the Northern
region of Ghana. Further work is needed to determine the incidence of resistance in the region. It is recommended that a
key policy priority should focus on understanding broader agrochemical-use practices, crop losses and household-level food
security in the presence of resistance risks.
© 2024 The Authors. Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Pesticides are important tools used in crop production globally to
manage pests and diseases, thereby reducing yield loss. Globally,
≈US$40 billion is spent annually on pesticides to manage differ-
ent kinds of pests.1 This magnitude of expenditure on crop pro-
tection measures indicates that biotic stressors such as insect
pests,2 weeds3 and plant pathogens4 remain significant limita-
tions to the production of crops globally. In spite of such a signif-
icant investment in crop protection chemicals, it is estimated that
≈45% of annual global food production is lost owing to infesta-
tion of pests.5 While the foregoing is the picture globally, in devel-
oping countries there is an indication that high crop losses have
led to an increasing use of pesticides,6,7 currently accounting for
some 30% of global consumption.8

In Sub-Saharan Africa including Ghana, most cereal growers
have adopted the use of pesticides as one of the measures to

manage pest infestations.9 In Ghana, for example, over the past
decade, the import of pesticides (insecticides, herbicides and fun-
gicides) for agricultural use have increased substantially, albeit
starting from a relatively low base.8 The increasing demand for
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pesticides indicates Ghanaian growers' interest in adopting strat-
egies to minimize yield losses from pest damage. For instance,
women growers in Ghana have adopted spraying of pesticides
on their own crops, a task that was formerly reserved for men.10

Although fungicides can and do protect crops against fungal
diseases, their use may come with associated risks, notably the
risk of pathogens developing resistance, and reduced return on
investment when not used appropriately. Inappropriate uses are
likely to pose safety risk when growers lack appropriate training
and have inadequate knowledge of pesticide management.11

Inadequate knowledge of pesticide use is more often seen in
women growers than in men in most developing countries.12 An
empirical study by Wumbei et al.13 found low knowledge levels
of pesticide use and application techniques among most growers
in Ghana, including the Northern region where most of the coun-
try's cereal crops are produced. This is despite a network of District
Agricultural Extension Officers (AEOs) providing growers with
guidance and advice on pesticide use, including application times
and doses, rotation of pesticide molecules as well as fundamental
cultural practices such as the importance of rotating crop
sequences to break pest cycles and build-up. There is thus a need
for a greater effort to improve the understanding and knowledge
of pesticide use and good practices adopted by growers. This is
necessary because pesticide resistance in agricultural fields has
become a global concern for several years now.14–19 Conse-
quently, the use of pesticides such as insecticides, fungicides
and herbicides has led to increasing cases of resistance in target
organisms.20 This increasing level of resistance globally is partly
driven by inappropriate pesticide-use practices to control pests.21

In developing countries, including Ghana, some of the factors
that drive inappropriate pesticide use and decision-making by
growers are the education level of growers,22,23 financial sta-
tus24,25 and access to agricultural extension services.26 For exam-
ple, most growers in Ghana are not educated;27 hence, they may

have less understanding of label rates, pesticide active ingredi-
ents and modes-of-action (MoAs), and effective application times
for pesticides. Additionally, if growers do not have the financial
resources to purchase the most effective product, which may be
more expensive, they may compromise by buying cheaper, but
less efficacious products. The accumulation of these pesticides
could lead to greater risk of pesticide resistance development.
Further compounding this, in the absence of good extension ser-
vices and advice, growers may lack the technical know-how in the
proper and effective use of pesticides. Additionally, if AEOs them-
selves are not knowledgeable enough, they may give incorrect
advice and propose inappropriate practices for growers to adopt.
To solve current challenges in the agricultural sector and better
contribute to innovation, extension officers require new capaci-
ties.28 It is also important to ensure that AEOs are well-equipped
with the appropriate logistics to deliver correct and up-to-date
information to growers.
This study seeks to understand the perceptions, common prac-

tices and knowledge levels of the growers and AEOs in the use of
fungicide in the Northern region of Ghana. This was achieved by
(i) assessing growers and AEO's awareness and knowledge level
of fungicide use, (ii) exploring the respondents' perspectives on
fungicide efficacy, and (iii) assessing the knowledge of AEOs and
the perceptions and practices of growers with regards to fungicide
use in northern Ghana. Results of the survey will help in designing
appropriate training on effective fungicide use and best manage-
ment practices in northern Ghana to maximize return on invest-
ment and reduce the risk associated with pesticide use.

2 MATERIALS AND METHODS
2.1 Survey design and location
The survey questions were structured using a mix of open- and
close-ended questions. Discrete and nonweighted questions

Figure 1. Map of Ghana (left) showing the position of the Northern region (yellow). Zoomed-in view of the Northern region (right), with the six surveyed
districts highlighted in green, including Nanton (1), Sagnerigu (2) and Tamale metro (3) in the northwestern part of the region, Yendi (4) and Tatale (5) in
the eastern part, and Nanumba-South (6) in the southern part of the Northern region.
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(‘select all that are applicable’, or ‘yes’ or ‘no’, or ‘choose only one
response’) were added to reduce bias in responses. We adminis-
tered the survey using QUALTRICS XM (Qualtrics, Provo, UT, USA)
between August and September 2021 in six district assemblies
in the Northern region of Ghana. The districts included Tatale-
Sanguli, Yendi, Nanumba South, Nanton, Sagnerigu and Tamale
metropolitan assembly (Fig. 1).

2.2 Participant recruitment and survey administration
Respondents targeted for the survey were cereal growers and
AEOs in the Northern region of Ghana. Before the administration
of the survey, the study's aim and the confidentiality of informa-
tion were clearly explained to each respondent. The survey ques-
tionnaire was administered to 26 AEOs and 297 growers. In
Ghana, most advisors (AEOs) are growers themselves, so there
was no need to alter the survey between the respondent groups.
These respondents were randomly selected from the database of
growers and agricultural extension staff in each district assembly.
An advertisement was made through e-mails and social media

platforms for respondents who were recruited to express their
interest to be part of the survey. Later, the survey questionnaire
was sent to interested respondents. All selected respondents vol-
untarily agreed to participate in the study without being offered
any incentives. It was not mandatory for respondents to answer
every question; hence, there are differences in the number of
responses. The survey was administered to respondents either
via an online survey (using the QUALTRICS platform, or via face-
to-face interviews for those growers who did not have internet
connectivity in their communities or may have challenges under-
standing the English language). The survey was administered
after obtaining ethics approval from Curtin University Human
Research Ethics Committee (HREC no. HRE2021-0484).

2.3 Data analysis
Descriptive and statistical analysis were conducted in the R statis-
tical environment, v4.1.0.29 A scale ranging from 0 to 4 was
assigned to responses such as perception, practices and knowl-
edge level (Table S1). It was established through Shapiro–Wilks

test that frequency data for some responses were not normally
distributed (P < 0.05). Consequently, nonparametric tests (χ2-test
of difference) were used to analyze the survey responses.

3 RESULTS
3.1 General characteristics of survey respondents
A total of 323 respondents (consisting of both growers and AEOs)
participated in the survey. Of the 323 respondents, 26 were AEOs.
The median age of the respondents across the six districts was
42 years old; however, the median age of respondents in Tamale
Metro and Sagnerigu districts was 50 years. On average, 21% of
the respondents were females, with Nanumba South having the
highest proportion of female respondents (43%), followed by
Tatale district (31%), whereas Sagnerigu district had no female
respondents (Table 1). The average farm size across the six dis-
tricts was 4 ha. More than half of the respondents (57%) had not
accessed formal education, whereas only 14% had attained ter-
tiary education. Greater proportions of the respondents from
Tatale and Nanton districts (77% and 63%, respectively) had no
prior access to formal education (Table 1). The education levels
among growers differed by gender. Specifically, 72% of female
respondents had no formal education compared to 55% of their
male counterparts. Furthermore, 9% of male growers reported
having attained tertiary education, whereas no female growers
reported reaching the tertiary level of education (Table 2). This
comparisonwas notmade for the AEOs owing to the limited num-
ber of female respondents. However, a χ2-test for association
revealed a significant difference (χ2 = 40.3, df =9, P < 0.001)
between educational level and pesticide knowledge of respon-
dents. This suggests that AEOs who have attained higher educa-
tional level may have higher knowledge in pesticide use.
Educational differences among growers were observed across

the six surveyed areas in the Northern region of Ghana (Table 2).
These differences were distinct between gender groups, ranging
from individuals with no formal education to those who have
attained tertiary education.

Table 1. Demographic characteristics, farm size and educational level of respondents from the six districts in the Northern region of Ghana

Variable

District/Municipal assembly

Tatale Nanton Tamale Metro Nanumba South Yendi Sagnerigu

Respondents n 35 85 46 68 24 65
Demographic characteristics
Median age Years 37 45 50 30 38 50
Gender M (%) 69 85 85 57 84 100

F (%) 31 15 15 43 16 0
Cereal production
Average farm size Ha 4.4 4.1 4.1 3 4.4 6.2

Educational level
No education n 27 54 15 39 11 35

% 77 63 33 57 46 53
Primary n 2 0 3 14 0 12

% 6 0 7 21 0 19
High school n 1 21 17 10 6 10

% 3 25 36 15 25 15
Tertiary n 5 10 11 5 7 8

% 14 12 24 7 29 13
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3.2 Key problems faced by cereal growers in northern
Ghana
Weedswere identified as themost problematic pest by 79% of the
growers across all of the surveyed districts (Table 3). Respondents
ranked diseases (55%) and insects (49%) as the second and third
most problematic pests, respectively.
Most respondents (58%) identified financial constraints as the

greatest limitation to pesticide use. This was followed by a lack
of knowledge about the correct product to use (28%), of how to
use the product (13.3%) and of where to get the product (0.6%)
(Table S2).

3.3 Perception, knowledge levels and fungicides use
practices between agricultural extension officers and
growers
There was a significant difference (χ2 = 231.71, df = 3, P < 0.001)
in respondents' perceptions concerning fungicide effectiveness.
More than half of the respondents (53%) thought that fungicides

used in the Northern region of Ghana are not effective at all. Con-
versely, only 3.5% believed that fungicides are effective (Fig. 2).
Among the 53% who considered fungicides to be ineffective, a
greater proportion (29%) of the respondents were from Nanumba
South district (Table 4).
In terms of the awareness and knowledge levels of fungicide

use, the study found that the overall awareness of fungicide use
was comparable between the gender groups. However, there
was a significant difference (χ2 = 595.56, df = 7, P < 0.001) in fun-
gicide knowledge levels between male and female respondents,
with womenmore likely to have lower levels of knowledge (Fig. 3).
The survey revealed that both male and female farmers utilize

pesticides in each season. However, the survey findings suggest
that pesticide-use practices among gender groups differed
depending on their knowledge levels. Nevertheless, regarding
the use of fungicides with the sameMoA, the survey revealed that
both genders tend to adopt similar practices every season. For
example, a significant proportion (78%) of male and female
respondents used the same fungicide with the same MoA multi-
ple times without switching to a different chemical activity group
(Table S3).
Regarding the timing of fungicide application on crops during

each season, a greater proportion of both gender groups opted
to apply fungicides at the first sign of disease infestation. Specifi-
cally, 77% of male and 48% of female growers followed this prac-
tice (Table S3). Only a small proportion, comprising 3% of male
and 2% of female growers, chose to apply fungicides before dis-
ease infestation. Notably, ≈15% of female growers applied fungi-
cides when the damage caused by the disease had already
become well-established, in comparison to 4% of male growers
(Table S3).
Furthermore, when examining the rotation of crops and fungi-

cides, both similarities and differences emerged between gender
groups. In some districts, a similar proportion of male and female
growers adopted crop and fungicide rotations as part of their
management practices. However, in other districts, significant dif-
ferences existed between the proportions of male and female
growers adopting crop and fungicide rotations. Nevertheless, in
Tatale-Sanguli district, regardless of gender, a similar proportion

Table 2. Gender-based differences in educational attainment among growers

Male (n = 236) Female (n = 61)

Educational level n % n %

No education 130 55 44 72
Primary 22 9 10 16
High school 63 27 7 12
Tertiary 21 9 0 0

Table 3. Rank of the major pest infestation problem faced by growers in the Northern region of Ghana

Pest Infestation

Ranking

Respondents (n)1st 2nd 3rd

Weeds 249 (79%) 54 (17%) 15 (4%) 318
Disease 59 (19%) 177 (55%) 83 (26%) 319
Insect 44 (14%) 119 (37%) 155 (49%) 318

Respondents perception of fungicide efficacy
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Figure 2. Perceptions of respondents on the efficacy of the fungicides
they use in cereals in the Northern region of Ghana.
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of male and female growers adopted crop and fungicide rotations
(Table 5).
First, ≈62 and 82% of AEOs and growers, respectively, did not

practice crop rotation in cereal production (Table 6), a practice
which may favor pest build-up and pose difficulties in controlling
pest infestations. Moreover, we also see that 81% of AEOs and
77% of growers repeatedly used the same fungicides with the
same MoA without alternations. This limited adoption of crop
rotations which together with repetitive use of fungicides could
potentially increase the risk of developing resistance.
In terms of fungicide application timing, half of the AEOs and a

majority of growers (68%) applied fungicides at the first signs of
disease infestation. However, there is a discrepancy when it
comes to the timing of application in relation to crop growth
stages. While 46% of AEOs apply fungicides during the active veg-
etative stage, most of the growers (80%) applied fungicides dur-
ing the reproductive stage (Table 6), highlighting a discord
between the practices of the advisors and the growers. The pre-
cise reason for this variation in practice (whether it is reflective
of low adoption by growers or knowledge differences between
AEOs and growers) is unclear. However, given that both the AEOs
and growers have similar practices with respect to crop and fungi-
cide rotations as well as fungicide application timing, it appears
that the difference in practices with respect to growth stage tim-
ing may indicate knowledge differences in differentiating crop
growth stages. A follow-up survey to understand why most
growers apply fungicides at reproductive growth stages is war-
ranted to devise appropriate extension to improve crop protec-
tion outcomes as well as product safety.

The results also indicate that 46% of AEOs and 26% of growers
found it difficult to control crop diseases because the fungicide
used no longer effectively controls the diseases. Only a small per-
centage, 4% of AEOs and 2% of growers, believed that fungicides
provide effective control. However, a larger proportion of growers
(68%) perceived that they achieve partial control of diseases in
their fields each season (Table 6).

4 DISCUSSION
Our survey findings indicate that both growers and AEOs are
aware of using pesticides to manage common pests in cereals
production in the Northern region of Ghana. However, their level
of knowledge is generally low. Additionally, growers and AEOs
have similar pesticide-use perceptions and practices. The survey
also revealed that ≈53% of the respondents perceive that fungi-
cides used in northern Ghana are not effective. These findings
provide a rationale for stakeholders in the agricultural sector to
design appropriate training on pesticide use, and crop manage-
ment for both growers and AEOs.

4.1 Pesticide awareness, knowledge and educational
levels of respondents
Agricultural pesticide use in Ghana has increased over the years.30

This study aimed to determine whether the growers in northern
Ghana are aware of pesticides use and their knowledge of how
these products are used. We found that nearly all respondents
(98.7%) in the surveyed districts of the Northern Ghana are aware
of pesticides/fungicides as pest control measures (Table S5).
Given that they are aware of pesticides, it is expected that most
growers are likely to use pesticides to control pest infestation.
However, several constraints prevented a significant proportion
of the respondents from using pesticides. The predominant factor
identified in this survey is financial constraint which has also been
reported in some sub-Saharan African countries.31,32 Over 50% of
the respondents surveyed were unable to buy the correct pesti-
cide at the right time, or apply it when needed, and at the appro-
priate dose. Consequently, they compromised by buying cheaper
and less effective products, thereby getting a lower return on
investment. A low level of knowledge of the appropriate product
to use was identified as the second constraint preventing respon-
dents from purchasing or using pesticides. This is consistent with
the findings of Ntow et al.11 who observed that most vegetable
growers in Ghana practice inappropriate methods in pesticides
application as a consequence of their low knowledge levels.
Therefore, it was recommended by Ntow et al.11 that training pro-
grams should be organized for such a category of growers.
Even thoughwomen growers inmost developing countries play

a vital role in agriculture, they typically go through less training
regarding pesticide management than their male counterparts.12

Table 4. Percentage of respondents reporting fungicides efficacy issues across the districts

District Not effective Somewhat effective Effective NA

Tatale-Sanguli 13 5 8 28
Nanton 24 32 25 17
Sagnerigu 15 26 25 11
Nanumba South 29 9 25 39
Yendi 10 4 0 5
Tamale Metro 9 24 17 0

Respondents pesticide use knowledge level
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Figure 3. Knowledge levels of pesticides use between gender groups in
northern Ghana.
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Furthermore, in the districts surveyed here, female growers had a
lower level of education than their male counterparts. This creates
a disparity in knowledge level about pesticide use between the
gender groups. Consequently, female growers are more likely to
record a reduction in productivity resultign from their limited
technical expertise in implementing recommended practices.
These findings align with the research conducted by Wang
et al.33 in China, where male growers demonstrated significantly
greater knowledge about pesticide use compared to their female
counterparts. Likewise, in Nepal, Atreya34 observed that male
growers tend to have better educational backgrounds than
female growers within each household. Atreya34 attributes this
disparity to male growers often receiving a larger share of limited
household resources, enabling them to attain a higher level of
education and consequently possess more knowledge about pes-
ticide use than female growers.
The limited knowledge among female growers on pesticide use

can pose health risks to themselves and consumers because they

actively participate in food crop production and utilize pesticides
throughout each season. Often, they may participate in activities
such as planting, weeding and harvesting as farm hands.35 When
they enter fields that have already been sprayed with pesticides
while the restricted-entry interval is still in effect, as has been prac-
ticed by some growers in Ghana,11,36 they come into direct con-
tact with pesticides when performing the aforementioned tasks,
owing to their low knowledge levels. If female growers lack
knowledge on pesticide application, they may apply pesticides
at the wrong time, and this could result in residues remaining
on harvested food crops, posing a potential health risk to
consumers.
The low levels of knowledge on pesticide use observed in this

survey can be partially reflective of the educational level of
respondents. For example, this survey has shown that ≈62%
(Table S6) of growers had no formal education, which compares
to the 67% reported by Imoro et al.27 also from northern Ghana.
In such regions, where most of the growers lack formal education,

Table 6. Responses of agricultural extension officers (AEOs) and growers regarding their practices of crop rotations, fungicide use and perceptions
of efficacy of the fungicide products they use in their cereal crop production

Variable Practice

AEOs growers

n % n %

Crop rotation Rotation 10 38 53 18
No rotation 16 62 244 82

Fungicide same/change chemical group Same 21 81 229 77
Change 5 9 68 13
Before infestation 5 19 4 1.5

Fungicide application time First sign of infestation 13 50 203 68
When I see damage 6 23 74 25
When damage is established 2 8 16 5.5
Seedling stage 6 23 2 1

Fungicide application at crop growth stages Active vegetative stage 12 46 22 7
Reproductive stage 8 31 240 80.5
A week before harvest 0 0 34 11.5

Disease control difficulty No control 12 46 77 26
Partial 8 31 203 68
Good 5 19 10 3.5
Effective 1 4 7 2.5

Note: Total number of respondents = 323.

Table 5. Percentage of males and females adopting good management practices in the surveyed district

Change of fungicide MoA Adoption of crop rotation

Male Female Male Female

District n % n % n % n %

Tatale-Sanguli 23 57 12 58 23 26 12 25
Nanton 72 7 13 0 66 5 9 0
Sagnerigu 63 23 0 0 63 2 0 0
Nanumba South 41 5 29 7 39 59 31 29
Yendi 20 45 4 25 20 85 5 20
Tamale Metro 39 28 7 43 39 5 7 14

Abbreviation: MoA, mode of action.
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it is important that guidance on fungicide use practices (e.g. label
rates, application times) is available in ways that can be readily
understood by growers. This approach reduces the potential for
exposure of consumers to long-term health effects from product
misapplication. There are further benefits of delivering
fungicide-use guidance in ways growers who are not able to read
can understand it. For example, if growers with low knowledge
levels invest in pesticides for managing crop diseases, the possi-
bility of having a lower return on their fungicide investment is
high. This is because they may face challenges in understanding
product label rates, correct application timings, FRAC codes, and
which product to use. Consequently, there could be yield losses,
which will affect household income, nutrition and food security.
By contrast, when growers have higher levels of education, they
are more likely to be knowledgeable about pesticide use, and
hence, enabling them to make informed decisions regarding the
adoption of recommended practices.37

4.2 Perspective of respondents on fungicide efficacy
Smallholder growers in Ghana are usually identified with lower
farm yields and high poverty levels.38 As they allocate the limited
funds available in the household to buy fungicides to manage dis-
eases in their farms, they expect that these fungicides will reduce
disease infestation and improve their yield. If their expectations
are not met, it tends to discourage them from further use of these
fungicides. Our survey revealed variations in growers' perceptions
regarding the effectiveness of fungicides used, with the majority
of respondents indicating that the fungicides used are ineffective
in controlling fungal diseases. We found that≈53% of the respon-
dents perceived that the fungicides available in the Ghanaian
market have lost their efficacy and are therefore ineffective for
managing common fungal diseases such as rice blast and maize
rust. Some of the respondents reported that after using the fungi-
cides, they had partial or no control of disease in their fields. These
are consistent with reports of Nuwamanya et al.39 that the major-
ity of growers (81%) surveyed in Kenya perceive a decline in the
efficacy of some fungicide applied to control early blight in
tomato. Likewise, some vegetable growers in Ghana expressed
concern about the ineffectiveness of some pesticides.11 Factors
that could contribute to the ineffectiveness of some pesticides
include the use of expired products, inappropriate doses, nonop-
timal spray coverage, and wrong application timing. For example,
our survey results indicated that 73% of growers and 1% of AEOs
did not check the expiration dates of products before usage
(Table S4). This may impact growers' return on investments, sub-
sequently discouraging many from using fungicides. Conse-
quently, the resulting crop losses exacerbate the food insecurity
situation in the country.
The fungicide ineffectiveness reported by respondents in this

research can also be indirectly linked to growers' management
practices, such as mono-cropping, and potentially directly to their
repeated use of fungicides with the same active ingredients year
after year which may contribute to fungicide resistance develop-
ment.40,41 For example, the survey revealed that ≈62% of AEOs
and 82% of growers did not practice crop rotation while >75%
the respondents (growers and AEOs alike) did not rotate fungi-
cides. The combination of poor practices (no crop rotations plus
use of the same fungicides) that most of the surveyed growers
and AEOs follow creates increased risk for pathogen (disease) load
build-up and potential for resistance selection. The challenges
related to fungicide efficacy, regardless of their underlying causes,
can significantly influence and/or potentially limit the use of

fungicides by growers. Therefore, these concerns may be realistic
reflections of disease control failures, and thus have broader
implications for food security.

4.3 Perception and practices between agricultural
extension officers and growers on fungicide use
The goal of agricultural extension, a type of informal education, is
aimed at raising the living standards of smallholder growers;42

hence, AEOs, by virtue of their roles, are responsible for providing
guidance to growers on adopting agronomic practices geared
towards enhancing their productivity. Consequently, growers
are expected to adopt the practices recommended by their advi-
sors. However, if AEOs lack adequate knowledge of disease man-
agement, it can hinder their ability to offer appropriate advice on
crop protection issues. As a result, growers may be exposed to
risks when it comes to protecting their crops, ultimately impacting
productivity and income levels. For example, one AEO in Ghana
sometimes provides services to as many as 706 growers43 in a sea-
son, although the recommended extension officer to farmer ratio
is 1: 200–500.44 If this AEO, who lacks adequate knowledge of dis-
ease management, gives incorrect advice or recommends inap-
propriate pesticide application method to 706 growers, one
could imagine the negative impact it would have on the income,
productivity and health of smallholder growers, and subsequently
the cascading effect on the region and the country as a whole.
Our survey revealed similar practices between AEOs and

growers in regard to perceptions and practices that could contrib-
ute to fungicide resistance in northern Ghana. For example, most
AEOs and growers (81% and 77%, respectively) use fungicides
with the same MoA multiple times year after year. Also, they are
unable to determine the FRAC code or chemical activity group
of the fungicides they are using, which is critical for resistance
management. Such repeated use of the same active ingredients
from the same MoA fungicide, particularly single site active ingre-
dients, can lead to selection of a resistant pathogen population45

that results in difficulties in controlling disease and subsequent
yield loss.
The findings from this research have shown that factors such as

incorrect timing of fungicide application (e.g. after the disease has
already advanced), repeatedly using the same MoA, using incor-
rect label rate or dose, and using incorrect products, are being
practiced in northern Ghana, and could render fungicides ineffec-
tive and make it challenging to manage diseases in the future. As
a result, growers who invest their limited household income in
pesticides that fail to control pest infestations in their fields may
experience a considerable financial burden. Consequently, this
situation may lead to severe negative impact, including hunger,
poverty and food insecurity within communities, potentially
extending to the state or national level.

5 CONCLUSION AND POLICY
IMPLICATIONS
This research aimed to examine the perceptions, common prac-
tices and knowledge levels of growers and AEOs regarding pesti-
cide use, specifically focusing on fungicide use and potential
resistance cases in the cereal belt of northern Ghana. The study
revealed similarities in perceptions and practices among growers
and AEOs. Low levels of knowledge regarding pesticide use were
observed among both groups, primarily influenced by their lim-
ited educational background. Therefore, an in-depth training pro-
gram for AEOs and growers to enhance their knowledge on best
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pesticide-use practices and the introduction of cultural and bio-
logical means of managing pests, with targeted initiatives for
female growers, would be very beneficial. Some indicators, such
as the absence of crop rotation and the repeated use of fungicides
with the same MoA, suggest the potential existence of fungicide
resistance cases in growers' fields in the Northern region of
Ghana. Further research is needed to determine the incidence
of pesticide resistance in the region. Additionally, in some cases,
late pesticide application practices may result in high concentra-
tions of pesticide residues in end-products, necessitating careful
monitoring to safeguard the impact of produce on the health
and safety of consumers. Therefore, a key policy priority should
focus on understanding broader agrochemical use, crop losses
and household-level food security in the presence of resistance
risks.
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