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Abstract: Common beans (Phaseolus vulgaris) are an important source of protein for the
Brazilian population. They are cultivated all over the country, in three cropping sea-
sons/year, totaling 2.7 million tons, mostly for domestic consumption. Pest management is
a big challenge and is mostly carried out with the intensive use of pesticides. Integrated
pest management (IPM) is essential for sustainability. This technology is based on applying
insecticides only when the pest population reaches the Economic Threshold. For that,
it is necessary to monitor the crop for the occurrence of pests and beneficial arthropods.
Although the concept of IPM and its benefits have long been known and widespread, it is
not clear whether bean producers adopt the technology, since informal reports suggest that
preventive insecticide applications are still highly used in the crop. The objective of this
study was to survey the level of IPM adoption among bean producers in different regions
of Brazil, using a questionnaire, applied to 103 producers/consultants. The results show
that the estimated rate of IPM adoption by common bean producers in Brazil is 46.6%.
The main causes of the low adoption are a lack of understanding of IPM concepts, high
confidence in the efficiency of pesticides, and high costs of crop monitoring.

Keywords: Phaseolus vulgaris; pest management; technology adoption; sustainable agriculture;
survey; pesticides; preventive insecticide applications

1. Introduction

Common beans (Phaseolus vulgaris) are one of the most important sources of protein
for the population of developing countries, feeding over 300 million people daily world-
wide [1-3]. Common bean consumption is also part of the traditional food culture in many
places; common beans are a part of typical local recipes and people’s history. In Brazil,
common beans are consumed by people from all economic levels at least in one of the daily
meals, accompanied by rice, as a typical dish. Brazilian production was over 2.7 million
tons in 2024 and the 2025 production is estimated to be 3.4 million tons [4], currently
ranking at second in the world for dry bean production and consumption [5].

P. vulgaris is produced year-round in Brazil, in three cropping seasons: rainy season
(October—January), dry season (February—April), and winter season (May—August). An
important part of the common bean production in Brazil is carried out by small farmers,
like in other developing countries [6]. The average common bean yield is about 750 kg/ha
in these smallholder farms [7]. In contrast, a major part of the Brazilian production is
carried out in large areas, with the intensive use of technologies, such as central pivot
irrigation, mostly in the winter season, with average yield over 4000 kg/ha [7]. There is,
therefore, a variation in the cropping systems and technology adoption, which impact the
yield, quality, and the cost-benefit of the common bean production chain.
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As a crop heavily attacked by pests and diseases, one of the main challenges in
common bean production is pest management, which may reach 30% of the production
costs, depending on the climate conditions and pest infestation levels [7]. In some regions,
there are reports of up to 15 insecticide sprays per cropping season [8], which is a large rate,
considering that the common bean is an annual crop, with a life cycle of about 80-90 days.
It is well known that the intensive use of insecticides can be harmful to the environment
and human health. As most pesticides used to control agricultural pests are fossil-based,
the intensive use of pesticides might contribute to increasing the carbon footprint and all
the undesirable effects associated with climate change and global warming [9].

Integrated pest management (IPM) is the key to achieving the sustainable use of
pesticides. It basically consists of closely monitoring the crop to identify and count the
number of arthropod specimens (pests and natural enemies) at sampling points to make
decisions regarding the most appropriate time and management method. This monitoring
system consists in sampling the cropping area at random points to count the number of
arthropods that fell on a net or beating cloth and later processing these data to compare
the average infestation with a previously determined Economic Threshold (ET), to decide
whether it is time to apply a management method [10-12]. Although it seems simple,
different levels of difficulty might arise, from the laborious monitoring of large areas, which
need a higher number of sampling points, to the training of technicians to discriminate
between harmful and beneficial species of arthropods, for example. Despite this, the
benefits are clear: reducing the number of insecticide applications, aimed only at situations
where there is a risk of productivity loss, can benefit the environment and reduce production
costs [13,14].

However, although the concept of IPM and its benefits have long been known and
widespread, the advantages of adopting this technology were apparently not convincing
enough for its wide and spontaneous diffusion among farmers around the world, including
Brazil and other Latin America countries [15-19]. In Latin America, IPM programs have
faced challenges due to poor agricultural research and extension infrastructure as well as
limited public sector resources [20]. Informal reports from Brazilian consultants and farmers
indicate that preventive insecticide applications remain widely practiced in common bean
production. Similarly, during field visits, only a few producers reported using insect
population monitoring methods. Together, these observations suggest a low actual adoption
rate of IPM practices in this crop, despite many farmers claiming to use them. However,
given the informal nature of these reports, a formal survey was necessary to obtain a
data-driven estimate of IPM adoption. To our knowledge, there are no surveys on the level
of adoption of this technology in common beans in Brazil. For the development of research
and public policies to encourage the use of this technology; it is necessary to identify how
pest management has been carried out in the crop and to understand the reasons behind a
possible low adoption rate of IPM. The objective of this study was to survey the level of IPM
adoption among common bean farmers and consultants representing different production
systems and levels of technology adoption, from many regions of continental Brazil.

2. Materials and Methods
2.1. Common Bean Producing Regions Represented in the Study

This study was conducted between 2022 and 2024 in 11 Brazilian states, including
the main common bean producers in the country, in descending order: Parand, Minas
Gerais, Goids, Mato Grosso, Sao Paulo, and Bahia (Figure 1). States with smaller common
bean productions were also included in this study, to represent different cropping systems.
Piaui, Pernambuco, Maranhao, and Alagoas are states with smaller amounts of production,
mostly carried out by smallholders, with limited access and use of technologies and low
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Total common bean
production in 2022 (kt)

average yields. In contrast, the Federal District (DF) has a relatively low production of
common beans due to its limited land area. However, this production is predominantly
conducted by commercial producers on large-scale farms, where advanced agricultural
technologies are employed, resulting in high yields.

Figure 1. Common bean production (ha) in some of the largest bean-producing Brazilian states in
2022: PR: Parand, MG: Minas Gerais, GO: Goids, MT: Mato Grosso, SP: Sdo Paulo, BA: Bahia, PI: Piaui,
PE: Pernambuco, DF: Distrito Federal, and MA: Maranhao [4].

2.2. Sampling Procedure

An online anonymous survey consisting of 32 questions designed to assess how
producers and consultants approach pest management in common bean crops was created
and shared using Google Forms (File S1), so that every respondent could enter their answers
online, using a smartphone or a computer. The initial approach was to share the link to the
online questionnaire with discussion groups of producers/consultants in instant message
apps. As the response rate using this approach was lower than expected, an individualized
approach was adopted to increase responses, contacting interviewees one by one, by phone,
through instant messaging apps and at events related to common bean production in
different Brazilian regions. Then, a snowball sampling technique was implemented to
obtain answers from different regions of Brazil. The contact details of the first farmers
interviewed by our research team were obtained through personal communication with
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other farmers, groups of consultants, technicians, and researchers. From then on, each
interviewee indicated other potential respondents, which expanded the scope of application
of the questionnaire. Most of the responses were entered online. Some preferred to answer
in person, in interviews held at technical events, while others preferred to answer questions
over the phone.

2.3. Methodological Concerns

Sample representativeness: The sample includes 11 states but overrepresents Goids
(20.2%), because this state is where the investigators are based. However, this should not
affect the generalizability of the observed results, considering that the samples collected
from this state represent farmers who adopt different levels of technology and grow
common beans in areas of varying sizes, which also occur in other regions of the country.

Production systems vary more significantly with the farm size than between states.
Therefore, analyzing data based on farm size helps to reduce potential biases arising from
the overrepresentation of individual states.

Self-reported data: Potential social desirability bias may occur (e.g., farmers over-
reporting IPM adoption). Social desirability bias is the tendency for people to answer
questions in surveys or studies in a positive way, even if it does not reflect their true
opinions or behavior, thus potentially distorting the research results. However, our ques-
tionnaire was designed to present questions with similar meanings repeatedly, in different
ways, to cross-reference information that confirms the answers given by the interviewees,
thus capturing possible biases.

Snowball sampling technique: The snowball sampling technique may introduce cer-
tain biases, such as the overrepresentation of individuals with similar profiles, potentially
leading to distorted or non-representative results. To mitigate these biases, we sought refer-
rals from individuals with diverse profiles and geographical backgrounds. Nevertheless,
since the target population consisted exclusively of producers and consultants involved in
common bean production—who tend to share similar characteristics, there were inherent
limitations in diversifying respondent profiles beyond this crop.

2.4. Data Analysis

The answers’ dataset was revised and imported into IBM SPSS Statistics 27 [21] and
Microsoft Excel [22]. Most of the data analysis consisted of descriptive analysis, mainly
using frequency tables, to identify the main characteristics of bean growers and consultants
regarding adopting technologies related to IPM.

For the questions about IPM adoption, the use of preventive insecticide applications,
cooperative membership, and willingness to spend on a technology that reduced insecticide
use, the distribution of respondents across farm size classes was compared using the chi-
square test. When significant differences were detected, adjusted standardized residuals
were analyzed to identify which specific groups contributed to the observed differences.
These statistical analyses were performed using R software (version 4.5.0, 2025-04-11
ucrt) [23].

2.5. Concepts Used in the Analysis

IPM adoption: In this study, integrated pest management (IPM) is considered adopted
when the producer monitors pest population levels prior to making decisions regarding
the application of control measures, such as chemical pesticides or biological agents. This
definition aligns with core IPM principles, which emphasize informed, threshold-based
interventions. Preventive insecticide applications: These refer to insecticide treatments
applied according to a fixed calendar schedule, often synchronized with the application
of other agricultural inputs such as herbicides and fungicides. Typically performed on
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pre-determined dates, this practice is intended to optimize the use of spraying equip-
ment and labor. However, such applications are conducted without a prior assessment
of pest population levels and thus do not confirm whether pest thresholds necessitate
control actions.

3. Results
3.1. Respondents Profile

In total, we received 103 responses, most of them (64.1%) directly from common
bean producers. A smaller number of interviewees (35.9%) were agronomists responsible
for technical assistance in the common bean production area on large and small farms.
Most respondents were males (94.3%), common bean producers and declared to have
technical assistance in the crop production (Figure 2). The percentage of respondents
who are cooperative members (~51%) was not significantly different than that of non-
members. Although the number of IPM adopters among the cooperative members was
higher, there was no significant effect of cooperative membership on the IPM adoption rate.
The percentage of respondents participating in a cooperative did not differ significantly
across farm size classes, ranging from 42% to 60%. Interestingly, although most of the
respondents own their land, it has become common in different Brazilian regions for farm
owners to not live on the farm, but rather in a nearby town.

We received responses from producers/consultants from 11 Brazilian states (Figure 3)
and 64 towns (Table S1). Most of the respondents were from the state of Goids (20.2%),
(Figure 3). This percentage includes the farmers from the region around the Federal District
(DE). In general, the number of respondents was evenly distributed among the other great
common bean producer states (Minas Gerais—MG, Parand—PR, Mato Grosso—MT, Sao
Paulo—SP, and Bahia—BA).

The study sample includes different sizes of common bean cultivation areas, from
1 ha to more than 500 ha (Table 1). Within this heterogeneous sample, there are interesting
patterns related to the main sources of technical knowledge in agriculture. The family
tradition in growing beans is important regardless of the cultivated area size. However,
for farmers with bean cultivation areas larger than 101 ha, know-how obtained by family
tradition is usually combined with other sources (e.g., professional training in agriculture).
Indeed, professional training in agriculture is pointed out as an important source of techni-
cal knowledge by all cultivation area size groups, with an increasing importance for larger
cultivation areas. Other sources of information like magazines, newspapers, and TV are
also relevant in all cultivation area size classes. The interaction with other farmers is also a
relevant source of information, especially for farmers with cultivating areas of 11 to 50 ha
and for those with 500 ha and more.

Table 1. Sources of technical knowledge in agriculture by the size of area (ha) cultivated with common
beans in Brazil (2022-2024). The percentages presented in the columns reflect multiple responses and
therefore do not sum to 100%, except for the percentage of farmers within each farm size class, which
represents a single-response category.

Size of Bean Cultivation Area (ha) (% Respondents)

Sources of Technical
Know How (%)

1to5(13.6%) 6t0o10(9.7%) 11to50(18.4%) 51 to 100 (13.6%) 101 to 500 (21.4%) >500 (23.3%)

Family tradition 71.4 60 57.9 4.8 50 54.1
FT only 285 30 36.8 143 45 42
Professional training 35.7 40 63.6 57.1 86.4 79.2

in agriculture PTA
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Table 1. Cont.

Size of Bean Cultivation Area (ha) (% Respondents)

Sources of Technical

o 1to5(13.6%) 6to10(9.7%) 11to 50 (18.4%) 51 to 100 (13.6%) 101 to 500 (21.4%) >500 (23.3%)
Know How (%)

Books, magazines,
newspapers, 35.7 30 36.4 429 409 41.7
television etc.

Socializing with

35.7 30 63.6 50.0 31.8 54.2
local farmers

o
(=)

s

Producer Consultant
Female Male (farmer) (technical assistant)
5.7 94.3 64.1 35.9

%

Producer Cooperative Member Is there technical assistance?
Yes No Yes
51.5% 48.5% 77.7%

Land ownership Live on the farm?

Yes No Yes No
88.3% 1M1.7% 68.9% 311%

Figure 2. Profile of respondents to the survey on IPM adoption in common beans in Brazil.
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1.0 (PI) M 1.9 (DF)
4.8 (AL)

4.8 (PE)

Percentage of
respondents on
IPM adoption by
Brazilian state

Figure 3. Percentage of respondents to the survey on IPM adoption in pest management in com-
mon beans by Brazilian state (GO: Goias, SP: Sao Paulo, BA: Bahia, PR: Parand, MT: Mato Grosso,

MG: Minas Gerais).

The labor force used for common bean production is diverse. Usually, farmers with
smaller cultivation areas rely mainly on family labor, while larger areas use a combination
of family labor and hired labor. At farms with larger cultivation areas, hired labor provides
the main labor force (Figure 4).

34.0 37.9

©SH

Family Hybrid (Family + Hired) Hired

Figure 4. Type of labor used in the cultivation of common beans in Brazil.
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When asked how often they grow common beans, the majority (75.7%) do so annually
(Figure 5). Some farmers (8.7%) responded that they grow beans every two years or only
when prices are good (occasional growers).

Others

8.7%

Only when
prices are
good

75.8%

Every year

Frequency of planting common
beans by farmers in Brazil.

Figure 5. Frequency of common bean cultivation by farmers in Brazil.

3.2. IPM Adoption by Common Bean Producers in Brazil

The common bean is produced in Brazil in three cropping seasons. Usually, farmers
opt to grow common beans in one of the cropping seasons, depending on the climate of
their geographic region. For example, in Central Brazil, most farmers cultivate common
beans in the winter season, under central pivot irrigation. In the other cropping seasons,
the production is diversified, including other crops, such as maize, soybean, vegetables,
and cotton. Our results show that 56.3% of farmers who cultivate the common bean in
one of the cropping seasons adopt IPM in their farm (not necessarily in the common bean
cultivation) (Table 2). However, an impressive percentage of 43.7% affirmed they did
not use IPM. No-tillage and crop rotation are the most common technologies adopted by
these farmers.

Table 2. Agriculture technologies adopted by farmers who produce common beans, among other
crops, in Brazil. The percentages refer to the adoption of the technology in common beans or other
crops cultivated by the respondents.

Agriculture Technology Farmers Adoption (%)

IPM 56.3 43.7
Biological control 59.2 40.8
Precision farming 54.4 45.6
No-tillage 85.4 14.6
Transgenic seeds 20.4 79.6
Cover crops 54.4 45.6

Crop rotation 90.3 9.7
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When asked if they use IPM on common beans, 89.3% of the respondents affirmed
they do (Figure 6A). However, among those reporting IPM adoption, 42.7% of the total
respondents also stated that they apply insecticides on a scheduled, preventive basis, while
a similar proportion (46.6%) reported that they do not (Figure 6A). Preventive application
refers to the use of insecticides without prior pest monitoring. Since monitoring arthropod
populations is a fundamental component of IPM, we consider that respondents who
apply insecticides preventively, i.e., without conducting pest monitoring, do not genuinely
implement IPM. Based on this criterion, only 46.6% of respondents can be considered
true adopters of IPM in common bean cultivation. When analyzing responses by farm
size, statistically significant differences were observed only within the 1-5 ha category
(very smallholders), both in reported IPM adoption and in the use of calendar-based
insecticide applications (Figure 6B,C). Interestingly, all respondents with farms larger
than 51 ha reported adopting IPM (Figure 6B). However, these larger farm size classes
also showed the lowest proportions of respondents who avoid preventive insecticide
applications (Figure 6C).

A .
Do you use IPM in the common bean crop?
Yes Yes
89.3%
Do not use MIP
Do you apply
insecticides on the
comi No
1sed
B C R .
Do not spray insecticides preventively
Claim to adopt the IPM technology 100 *
100
80
v
2 80 ‘é
g * T 60
§ E
g S a0
2 40 ©
5 xR
ES
20 20
0
1t05 6t0 10 11to50 51to100 101toS00 > 500 1t05 6t010 11to50 51t0100 101t0 500 >500
Farm size (ha) Farm size (ha)

Figure 6. Pest management practices among common bean farmers in Brazil. (A) Reported adoption
of integrated pest management (IPM) by all respondents; (B) IPM adoption by respondents stratified
by farm size (ha); and (C) percentage of respondents, by farm size, who reported not applying
insecticides on a calendar-based schedule. * Statistically significant difference observed by the
chi-square test (p < 0.001).

From the 89% of farmers that claim to use IPM in the common bean crop, 34.0% have
used it for 1-5 years, 16.5% for 5-10 years, and 29.1% for over 10 years (Figure 7). Most
respondents (55.3%) monitor the crop once weekly, while 35.0% monitor more than once per
week and 2.9% every two weeks. Typically, the IPM strategy suggests weekly monitoring,
but different frequencies may be used depending on the situation. For example, in cases of
increasing infestations, it may be necessary to monitor the crop more frequently, such as
twice a week.
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How often do you monitor
pest populations in the
common bean crop?

How long have you been adopting
IPM on the common bean crop?

Every two

weeks ‘

— 6.8 No monitoring 29.1 %

atall > 10 years Does not

do IPM

More than
once per
week

34.0%

553 3 1-5 years
Weekly 5-10 years
How long have you been adopting IPM on
the common bean crop?
291%
> 10 years — Don't know
16.5% Does not
do IPM

5-10 years

34.0%

1-5 years

1.78%

It's the
first year

Figure 7. IPM adoption in the common bean crop in Brazil.

3.3. Use of IPM Tools by Common Bean Producers in Brazil

Pest monitoring is still mostly performed manually by a trained field technician called
a pest (or IPM) monitor. At least once a week, this technician walks through the crop area,
taking samples and recording the number of pests and beneficial insects found at each
sampling point. Despite many advances in the use of automation to monitor other types
of biotic stress, automated pest monitoring is still a challenge. This is because insects are
generally very small and therefore difficult to detect in images taken at a height of 40 m by
a drone, for example, in addition to the fact that most pests feed on the abaxial surface of
the leaf. Therefore, most farmers that adopt IPM must monitor the crop themselves or hire
pest monitors for large areas.

In our survey, the percentage of respondents who consider the cost of hiring an IPM
monitor to be worth it in relation to the preventive application of insecticides is similar to the
percentage of those who think otherwise (40.8% vs. 35%) (Figure 8A). This result shows that
the perception of costs of a large percentage of farmers do not consider medium and long-
term environmental costs, as if the two different strategies (monitoring the pest population
to decide whether to apply insecticides versus applying insecticides preventively) were
interchangeable. Also, it is remarkable that almost one fifth of the respondents do not know
what their costs are with pest monitoring (Figure 8A). Interestingly, at the same time, a
great majority of the respondents (86.4%) agreed that IPM reduces the costs related to pest
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A
4.9%

Indifferent

35.0%

control and benefits related to the agroecosystem, which indicates that farmers are aware
of the benefits of reducing the use of insecticides (Figure 8B).

In your opinion, the IPM: B
19.4%
= /0
Don't know Does not influence
the costs

9.8%

2.9%

Don’'t know

40.7%

Agree Disagree 4. 9 % 86_4%
The cost of an IPM monitor is higher Raises the Reduces cost with
. .. . costs of pest pest control and benefits

than spraying insecticides preventively, control the agroecosystem

which makes IPM unfeasible

Do you use any IPM tools (%)? C

. Beatin
Visual cloth g

sampling
(ﬁ-‘
Other ‘” Traps

Figure 8. Use of IPM tools in the common bean crop in Brazil and farmers’ perception of costs
associated with IPM. (A) Perception of costs associated with hiring an IPM monitor; (B) perception
of costs associated with IPM; and (C) frequency of farmers that adopt one or more IPM tools for
crop monitoring.

Among the farmers that claim to use IPM, the great majority indicate that they use
at least one of the most common IPM tools for pest monitoring, such as the beating cloth
(23.3%), visual sampling (19.4%), and insect traps (3.9%) (Figure 8C). However, 28.2% of
the respondents combine the use of the beating cloth and visual sampling, while 17.5%
combine the beating cloth, visual sampling, and the use of traps. Interestingly, a few of
those who claimed to not to use IPM affirmed that they use the visual sampling of the crop.

3.4. Perception of IPM Adoption Benefits

Although a high percentage of respondents said they do not use IPM on the common
bean or on the other crops (about 47%), most respondents believe that adopting IPM is
essential to ensure good productivity (87.4%), in addition to being useful and effective
(87.4%) (Figure 9). The great majority (94.2%) of the respondents agree that agriculture
management techniques such as crop rotation and succession influence the occurrence of
pests in the common bean crop. However, when asked about the potential of preventively
applying insecticides to reduce crop losses, opinions are divided, with similar percentages
of respondents agreeing, disagreeing, or partially agreeing (Figure 10).
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A

1%

Indifferent 8.7%
Disagree
87.4% 2.9%
Agree Don't know

1%

Indifferent

87.3%

Agree

1.7%

Don't know

IPM is essential to ensure good
productivity, since the preventive use of
pesticides can increase production costs

The IPM technology is useful and
really works

Figure 9. Perception of common bean producers/consultants about the benefits of using IPM in

common beans in Brazil, about (A) benefits of IPM to productivity and (B) efficacy of IPM.

29.1%

Agree

31.1%

Partially agree

1%

Indifferent

35.0%

Disagree

3.8%

| don't know

or | have no opinion

Applying insecticides preventively
reduces the possibility of losses and
facilitates crop management.

Figure 10. Perception of Brazilian common bean producers/consultants about the benefits of applying

insecticides preventively.

3.5. Willingness to Adopt Novel Technologies

A significantly higher percentage of the respondents (61.2%) would be willing to spend

only up to 5% of the production cost on novel technologies, with the potential to reduce

the risk and the number of insecticide applications (Figure 11A). Some (27.2%) would be

willing to spend up to 10% of the production cost on such technologies, while very few

(~5% of respondents) would spend over 20%. Strikingly, a significantly higher percentage

of the respondents (<40%) said they already spend 20% of the crop production costs with

pest management, i.e., mostly on insecticides (Figure 11A). This percentage, reported by

producers, is lower than that reported by the Brazilian agriculture census (IBGE), which

shows that, in general, the costs with pest management in common beans are about 30% of

the total production costs [7]. A significantly greater proportion of producers managing

farms larger than 51 hectares indicated a willingness to invest no more than 5% of total

production costs in technologies designed to reduce insecticide application (Figure 11B). In

contrast, responses among smallholders were more varied, indicating that these farmers

would invest higher amounts on more sustainable technologies.
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% Respondents

@ How much is your current cost with pest management?

How much would you spend with a technology that reduces
B insecticide applications?

@ uwpw5% @upto10% @ upto20% @ upto30% >30%

% of respondents

@ How much would you spend to reduce insecticide applications? 100
*
80 *%
*k
* *k
60
Il )
[ ] .- .— —— . — 20
L T T R
& &
& ¥ 0

O
s 1to5 6t0 10 11t0 50 51t0 100 101 to 500 > 500

% of the production cost Farm size (ha)

Figure 11. Current pest management costs reported by Brazilian common bean producers and
consultants, along with the estimated percentage of production costs they would be willing to invest
in sustainable pest management techniques. (A) Percentage of total respondents. * Statistically
significant differences among columns of the same color observed by the chi-square test (p < 0.001).
(B) Percentage of respondents by farm size. ** Statistically significant differences within the same
column observed by the chi-square test (p < 0.001).

Finally, almost 40% of the respondents said they would be interested in adopting
automated pest monitoring tools, depending on the costs (Figure 12). In contrast, almost
100% of the respondents said they would be willing to adopt IPM if there was a certification
that added value to products obtained with low insecticide use. This raises another relevant
strategy to increase the adoption of IPM and other sustainable techniques.

Would you be interested in using automated pest

monitoring tools, such as drones, camera traps, etc.
45

% Respondents

40
35
30
25
20
15
10

S

If there was a certification that adds value to

the product, would this increase your interest

in adopting IPM in bean cultivation?

| already
use them

No, | would not take pest  Yes, | would Yes, depending
management decisions like to test on the costs
based on those tools those tools

Figure 12. Technologies and incentives that would increase producers’ interest in adopting IPM in

the common bean crop in Brazil.

4. Discussion

Integrated pest management (IPM) is a widely known technology, available since
the late 1950s [10-12]. The concept of IPM involves monitoring the crop to determine the
occurrence of arthropods (pests or beneficial) and checking whether the pest population
level reaches the Economic Threshold (ET), that is, if it is time to act towards pest
management. When farmers decide to apply pesticides in a preventive way, without
monitoring the field for pest occurrence, they are not following the basic concept of
IPM technology. Applying insecticides before the pests reach the ET can be harmful to
ecosystem balance and increase production costs. In our survey, a large proportion of
respondents reported adopting IPM in common bean cultivation. However, when asked
whether they apply pesticides preventively, approximately half of these self-identified
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IPM adopters indicated that they do. This shows that the actual IPM adoption rate is
lower than expected, about 46%. In fact, the adoption of IPM has decreased over the
years, as shown for soybean in Brazil [24]. The estimated adoption rate observed in
the present study is higher than that reported in a study on Capsicum sp. (39.81%) in
Kenya [25], but lower than the reported rate of adoption by corn growers in the USA
(50%) [26] and olive growers in Iran (54%) [27]. To increase the IPM adoption rate,
it is crucial that the farmers understand that integrating non-chemical management
alternatives to chemical control, which should be judiciously applied, is beneficial to
their productivity as well as to the environment [28].

A study with apple farmers from China showed that cooperative membership in-
creases the adoption of IPM [29]. However, our results do not show a relationship between
cooperative membership and IPM adoption, which may be because there was no difference
between the percentages of cooperative members and non-members. Although 100% of
large-scale farmers (farms > 51 ha) affirmed that they adopt IPM in the present study, our
results also show a trend for fewer small-scale farmers to adopt preventive insecticide
applications, although the difference was significant only for very smallholders (1-5 ha
farms). This result indicates that the probability of IPM adoption declines with an increased
farm size, which had been demonstrated before [30]. This is the opposite of what was
observed in a study with olive fruit fly IPM adoption in Iran, where large-scale farmers
were more prone to adopt IPM [27]. In the present study, the low IPM adoption by common
bean farmers/consultants in Brazil can be associated with three main factors, based on
our study: (1) the lack of understanding of IPM concepts; (2) the widespread cultural
belief that the use of insecticides is the most efficient pest management method, regardless
of the costs, and last but not least, (3) the costs associated with monitoring the crop for
arthropod populations.

First, although the idea of IPM has been well accepted by farmers worldwide, our
results show that the IPM concepts are not well understood by farmers and consultants.
Most respondents in our study claim (1) to know the integrated management of common
bean pests, (2) that IPM is highly recommended by their consultants, and (3) that they
use the IPM technology in the production of common beans. However, our results
show that producers do not fully understand the basic concepts of IPM, which may be
one of the reasons for the low adoption of this technology, as shown in several other
studies [15,31,32]. For example, it became clear that a large percentage of the respondents
do not understand that the preventive application of insecticides is at odds with the
basic IPM concept of applying insecticides only when the pest population reaches the ET.
It is also possible that the ET has not been defined for some pests, such as the whitefly,
one of the most important bean pests, or the ETs have been defined a long time ago
and need to be updated [19]. The lack of this information may lead producers to not
trust the IPM technology and, therefore, carry out preventive applications, since they
have nothing to base their decision on, and they are afraid of the risks associated with
the occurrence of this pest. Considering that a large percentage (>95%) of respondents
stated that they use at least one of the IPM monitoring tools and that more than half
affirmed to monitor the crop once a week, we conclude that farmers intend to apply IPM
technology, as they understand the benefits to the ecosystem. However, probably due
to the lack of information, farmers feel uncomfortable making decisions based on pest
monitoring. Similar studies developed with Capsicum sp. producers from Kenya, rice
producers from India, state IPM coordinators from the USA, and small-scale farmers
from Uganda showed that knowledge transfer by extension programs and training on
pest management are key to a better understanding of the IPM concepts and advantages,
which could increase IPM adoption by farmers [25,31-33]. A widely known initiative is
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the Farmer Field School (FFS) developed by the FAO over 30 years ago, which is a group-
based experiential learning approach for training farmers to apply the principles of IPM
in developing countries in Asia and Latin America [34]. Over the years, the FFS initiative
contributed to reduce the reliance on pesticides and promote a learning culture at the
community level. In another study, a survey with Peruvian potato farmers showed that
farmers who received information about IPM via mobile phone text messages adopted
IPM practices at a significantly higher rate than control farmers, who did not receive
the messages [15]. The quality of communication was also a caveat for IPM adoption in
a study with growers from Costa Rica, Nepal, and Malawi [16]. These results suggest
that the low IPM adoption estimated in the present study is probably associated with a
lack of information and not with a lack of awareness, ranked as a relevant barrier to IPM
adoption in another study [32].

There is yet another important factor, related to the deep-rooted culture that insecti-
cides are the most effective method for pest management, regardless of the associated
financial costs (not to mention the environmental costs) [13,16]. The overreliance on
chemical insecticides has been presented as a critical factor for the low IPM adoption
rate in other studies as well [25,32]. The intensive use of pesticides in agriculture was
introduced by the so-called green revolution of the 1960s and 1970s, which established
a high dependence of agricultural production on these inputs [35]. In addition, this
event contributed to a significant increase in agricultural productivity worldwide, with
major advances in crop breeding genetics, developing higher-yielding crop varieties,
some with resistance to pests and pathogens. However, this agricultural system did not
lead to the sustainable management of natural resources, nor to food security. On the
contrary, the more the need to use chemical inputs increases, the more negative effects
are perceived on the ecosystem balance [25]. However, it cannot be denied that the
use of pesticides is convenient [19], since they are easy to apply, with well-established
protocols, and bring results that are quickly noticed by the farmers. IPM coordinators
from the USA ranked the difficulty of implementation as one of the most important
barriers to IPM adoption [32]. Together, these conveniences favor the use of pesticides,
which are perceived as an effective pest control method by farmers, even if the costs
are higher than necessary. Our results show that the farmers’ opinions are divided re-
garding the potential benefits of preventively applying insecticides to reduce crop losses.
Even so, their responses show that they do apply insecticides in a preventive manner,
based on a calendar and not on the pest population levels. Another indication that
farmers, in general, are overly reliant on insecticides is that a very small proportion of
the respondents (<5%) affirmed they would be willing to spend over 20% of production
costs on technology that would help reduce the number of insecticide applications. Yet,
they already spend at least 20% on chemical control. When these data are analyzed by
farm size categories, we observed that a significantly higher proportion of producers
managing farms larger than 51 hectares reported applying insecticides preventively.
These farmers also indicated that they would not be willing to invest more than 5% of
their production costs in technologies aimed at reducing insecticide use. In contrast,
responses among smallholders were varied, suggesting a greater willingness to invest in
new technologies—possibly driven by the general scarcity of technologies specifically
adapted to small-scale farming. These data suggest that, in general, farmers are still
conservative in relation to novel technologies and consider that insecticides are the most
effective management strategy, which they are confident to adopt, even if the costs are
high. This also shows that, in general, farmers are not aware of how much they spend
with preventive applications of insecticides. For a paradigm shift, it is essential that
farmers and consultants trust in alternative solutions to the preventive use of pesti-
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cides, with the presentation of scientific data showing it is possible to reduce the use
of insecticides and the production costs. This leads to the third relevant issue related
to the low adoption of IPM: the costs associated with adopting IPM, which has been
demonstrated as one of the main factors affecting the adoption of this technology, such
as in the case of the olive growers in Iran [27]. In the case of the common bean, although
the Brazilian exports have increased in recent years, most of the bean production is
still consumed domestically. Therefore, the common bean market in Brazil is driven
primarily by domestic consumption, with significant price fluctuations, particularly with
the commercial type of ‘carioca’ beans. As a result, common bean producers are strongly
influenced by the current crop market value, both in terms of deciding whether to plant
and how much to spend on crop management, as shown by our results. For example,
although most respondents cultivate common beans every year, ~9% of farmers cultivate
the crop only when prices are favorable, compared to other crops. A high proportion
of the respondents consider the costs of pest monitoring to be higher than preventive
spraying, and therefore prohibitive, although the majority agree that IPM might help
reduce the costs of pest control. Most of them agree that preventive insecticide spraying
can increase production costs (even so, a high percentage is willing to pay the price) and
more than 40% of the respondents affirmed that their current cost with pest management
is about 20% of production costs. These contradictions again point to producers’ over-
reliance on chemical pesticides. Also, these findings corroborate other studies, which
showed that one of the main barriers to IPM adoption was the high cost of practice
or labor [14,17,32]. Farmers justify preventive insecticide applications as a cost-saving
strategy by considering operational expenses. They argue that adopting schedule-based
insecticide applications is worthwhile, as insecticides are applied alongside herbicides
and fungicides in a single treatment, streamlining the process and reducing costs [19].
However, as stated by these authors, spraying insecticides before the pest population
reaches the ET can be ineffective, increase the selection of pest populations resistant to
insecticides, and makes the use of ET obsolete [35].

Finally, most respondents expressed interest in adopting automated technologies and
implementing IPM, provided the associated costs are manageable and there is potential
for added value—an observation consistent with findings from other IPM adoption sur-
veys [18,36]. One example of such added value is the quality certification of common beans
produced under IPM guidelines, which emphasizes the reduced use of chemical insecti-
cides, minimizes environmental impact, and offers a healthier product to consumers. The
development and widespread recognition of a certification seal could serve as a valuable
tool to enhance the market appeal of sustainably produced beans. In Brazil, an integrated
production system for common beans was developed to promote the sustainability, trace-
ability, and certification of production practices [37]. However, despite its potential, this
system has not been widely adopted—Ilikely due to insufficient government incentives and
a lack of supporting public policies.

Since beans are primarily produced for domestic consumption in Brazil, they lack
the same certification appeal as export-oriented commodities. For a quality certification
program for common bean production to be truly beneficial, it would need to be supported
by government incentives. These could include priority access to agricultural credit and
the inclusion of certified beans as a preferred item in public procurement programs, such as
those supplying school meals. In a study developed with apple producers from Morocco,
it was demonstrated that farmers would be interested in adopting a more sustainable
production system, including IPM, if the practice facilitates the commercialization of their
products [36]. Taken together, these results indicate that costs and profits are the main
drivers of the decision on whether to adopt certain technologies, especially novel and not
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yet fully established ones. Recently, the availability of precision application technologies
has the potential to reduce insecticide spraying to targeted areas, where the pests may
effectively create damage to the crop, which is certainly of interest to farmers. To do this
safely, it is recommended to frequently monitor the total area, identifying the focus of
pest infestation, preferably at the initial stages to take assertive pest management actions.
These automated tools are considered novel and not yet established. However, our results
indicate that IPM is also seen as a yet unestablished technology, which producers do not
yet fully trust.

In summary, the most relevant actions to increase the level of IPM adoption, based
on our results, are as follows: (1) extension programs to transfer knowledge about basic
concepts and advantages of adopting IPM, as well as the negative impacts associated with
excessive insecticide use; (2) scientific data showing the benefits of reducing the use of
insecticides on production costs and net income; (3) establishing and/or reviewing the
Economic Threshold for important common bean pest species; (4) developing automated
tools for pest monitoring, aiming to reduce the costs; and (5) public policies or product
quality certification to encourage the rational management or non-use of pesticides.

5. Conclusions

The estimated adoption rate of IPM by bean producers in Brazil is 46.6%.

The low adoption of IPM among common bean producers in Brazil is related to three
main factors: (1) a lack of understanding of IPM concepts; (2) the overreliance on chemical
insecticides as the most efficient pest management method; and (3) the high costs associated
with crop monitoring of arthropod population levels.

IPM is not perceived as a well-established technology by common bean farmers
in Brazil.

The results presented in this study can be used to support the discussion of public
policies and new scientific research, aiming at increasing IPM adoption by Brazilian farmers.
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