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Abstract

In response to the invasion of Spodoptera frugiperda (J.E. Smith) in Africa, farmers rely mainly on synthetic pesticides 
which are harmful to human health and environment. This study investigated farmers’ preferences and willingness 
to pay (WTP) for attributes of integrated pest management (IPM) methods against S.  frugiperda. A survey was 
conducted among 400 randomly selected maize farmers in eight districts of Benin using a questionnaire. Results 
showed that the majority of farmers (66.5%) who were interested in the IPM approach preferred a combined use 
of intercropping and ecological control products in managing S. frugiperda. Farmers who were more likely to pay 
for IPM strategies against S. frugiperda had less access to extension services, very small farms, and relatively low 
income. They represented 38.82% of the sample and were willing to pay additional protection costs of 4.53 US$/ha 
for the combination of several management methods, 86.09 US$/ha for the reduction of human health risks, 22.20 
US$/ha for the preservation of environment, and 4.90 US$/ha for a reduction in yield losses. The policy implications 
of these findings for the extension of IPM technologies were discussed.
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In Africa, agriculture is one of the main sources of economic growth 
and the main source of employment for rural households. More than 
half of Africa’s population depends on agriculture for their liveli-
hoods (NEPAD 2013). However, this sector of activity struggles to 
develop because it faces several problems including the effective and 
sustainable management of exotic insect pests which is one of the 
major challenges in the agricultural development process (Mendesil 
et al. 2016, Allahyari et al. 2017).

Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) is 
one of the most devastating exotic insect pests Africa has seen in 
the last five years. Native to the Americas and first detected in most 
African countries in 2016, S. frugiperda causes significant economic 
losses to several crops (Nboyine et al. 2020). It has a preference for 
maize, the main foodstuff in Sub-Saharan Africa. It also feeds on 
sorghum, rice, sugarcane, groundnut, soybean, cotton, millet, and to-
mato (Prasanna et al. 2018). S. frugiperda represents a serious threat 
to food security and contributes to income losses for smallholder 
farmers (Kumela et al. 2019, Tambo et al. 2020a). In Benin, a na-
tional survey revealed that on average 49% of maize yields were lost 
due to S. frugiperda attacks in 2018 (Houngbo et al. 2020).

The management of S.  frugiperda has proven to be quite diffi-
cult in Africa due to its resistance to synthetic pesticides which are 

the main management methods used by farmers (Yu 1992, Al–Sarar 
et al. 2006, Kumela et al. 2019, Chimweta et al. 2020). The dispersal 
of S.  frugiperda larvae lower down in the maize canopy prevents 
sprayed synthetic pesticides from killing the larvae, making chemical 
control laborious, and ineffective (Cook et al. 2004). Furthermore, 
evidence that synthetic pesticides pose risks to human health and 
preservation of beneficial organisms has been widely documented 
(Cuyno et  al. 2001). Therefore, the Integrated Pest Management 
(IPM) is considered a viable alternative for effective and sustainable 
management of S. frugiperda (Harrison et al. 2019, Nboyine et al. 
2020, Njuguna et al. 2021).

Integrated Pest Management (IPM) is an environmentally 
friendly approach. It involves the harmonious combination of bio-
logical, cultural, and chemical control to improve productivity 
and minimize the use of synthetic pesticides (Allahyari et al. 2017, 
Rahman et  al. 2018). The goal of IPM is to control pest popula-
tions in a way that avoids economic losses by using techniques that 
minimize risks to the environment including humans (Prasanna et al. 
2018). In general, this approach has had wide impact on agriculture. 
It has been successful in reducing the use of many broad-spectrum 
pesticides, conserving natural bio-agents, and has proven to be more 
efficient than chemical control (Timprasert et  al. 2014). However, 
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an important question is whether farmers in African countries are 
willing to pay for IPM technologies.

In order to contribute to the development of an integrated and 
sustainable management program for S.  frugiperda, management 
methods have been tested and refined by researchers in Benin. These 
include the use of Palmida (a local household soap), neem oil, the 
semi-synthetic pesticide Emacot 19 EC (Aniwanou et  al. 2021), 
intercropping maize with soybean, cowpea, or groundnut, and the 
use of natural enemies such as entomopathogenic nematodes. This 
study was conducted to examine farmers’ preferences for manage-
ment methods developed by researchers, their combined use in the 
management of S. frugiperda, and the extent to which farmers are 
willing to pay for the attributes of IPM.

Survey and Data

Survey Design and Implementation
The surveys were carried out in eight districts known to be major 
maize producing districts in Benin. These districts are: Ouèssè, Kétou, 
Aplahoué, Adjohoun, Kandi, Gogounou, N’Dali, and Péhunco. 
They are also among the districts that reported severe S. frugiperda 
attacks in 2018 (Houngbo et  al. 2020). In total, 16 villages (two 
villages per district) were selected with the assistance of maize ad-
visors from the ‘Agences Territoriales de Développement Agricole’ 
(ATDA). The main criterion for selecting villages was the level of 
maize production. Twenty-five farmers who had experienced at least 
one attack by S. frugiperda were randomly selected per village. Data 
collection was carried out from December 2019 to January 2020 
using the choice experiment method. The first step of this method 
is the selection of attributes and different levels for each attribute. 
According to Bateman et al. (2002), four to six attributes with two 
to five levels per attribute are sufficient to characterize a good or ser-
vice. Based on this, six attributes were selected to describe IPM strat-
egies: the number of management methods combined, reduction of 
human health risks, preservation of environment, reduction of yield 
losses, and cost of protection against S. frugiperda. The environment 
attribute here includes livestock, birds, aquatic species, beneficial in-
sects, and soil. To identify attribute levels, the study relied on a focus 
group conducted in the N’Dali district (northern Benin). The focus 
group was composed of nine participants, seven maize farmers, and 
two researchers. The focus group was conducted using an interview 
guide. The levels of attributes retained from the focus group are pre-
sented in Table 1.

The second step of the choice experiment method was to de-
velop choice cards. Combining the six selected attributes and their 
respective levels yielded 120 IPM profiles (23 × 3 × 5). From these 
120 profiles, 28 realistic, and applicable IPM profiles were selected, 
taking into account the management methods developed by the re-
searchers. Choice cards were constructed by randomly pairing the 
profiles and using a status quo option as a reference. The status 
quo option refers to farmers’ current management practices against 
S. frugiperda, primarily the use of synthetic pesticides. In total, 14 
cards with three options (two IPM options and status quo) were con-
structed. One of the choice cards is shown in Table 2.

Farmers were interviewed face-to-face in their local language on 
the basis of a questionnaire including choice cards. The questionnaire 
consisted of three sections of questions: 1) characteristics of the re-
spondents and their farms, 2) respondents’ expectations and prefer-
ences regarding management methods developed against S. frugiperda 
by the researchers and the combined use of these methods,3) respond-
ents’ preferences regarding the IPM options on the choice cards. 
First, respondents were asked about their level of education, years of 

farming experience, household size, access to extension services, farm 
size, area cropped for maize production, and income. Respondents 
were also asked about their knowledge, perceptions, and practices 
for controlling S.  frugiperda. Color images showing the condition 
of a field attacked by S.  frugiperda, the developmental stages of 
S. frugiperda, and the severity of attacks were used to prevent farmers 
from confusing S. frugiperda attacks with those of other maize pests. 
In a second step, the management methods developed by the re-
searchers against S. frugiperda and their effectiveness were presented 
to the farmers. Color images showing how to apply these management 
methods were also used. The management methods presented to the 
farmers included the use of Palmida (a local household soap), neem 
oil, the semi-synthetic pesticide Emacot 19 EC (emamectin benzoate), 
and intercropping maize with soybean, cowpea, and peanut. Farmers 
were asked to choose which of these methods they preferred and 
which combination of methods they would be willing to adopt. In 
a third step, the philosophy behind the IPM approach was explained 
to the farmers and the designed choice cards were presented to them. 
Farmers were then asked to select their preferred IPM option on 
each card. Given the sample size, the number of choice cards, and 
the number of options per card, the data collection method yielded 
16,800 choice responses.

Data Analysis
The information generated from the first two sections of the ques-
tionnaire was analyzed using descriptive statistics. The percentages 

Table 1.  Selected IPM attributes and attribute levels

IPM attributes Attribute levels

Number of combined management 
methods

(1) � Two management 
methods

(2) � Three management 
methods

Reduction of yield losses (1) <50%
(2) ≥50% and <100%
(3) 100%

Reduction of the risks of pest  
management on human health

(1) No
(2) Yes

Reduction of the risks of pest  
management on environment

(1) No
(2) Yes

Protection costs against S. frugiperda 
(US$/ha)

23
46
69
92
114

Table 2.   Example of choice card

Attributes Option A Option B Status 
Quo

Combination of  
management methods

2 2  

Reduction of yield losses 100% ≥50% and 
<100%

Reduction of health risks Yes No
Reduction of  

environmental risks
Yes No

Protection cost (US$/ha) 69 23

I prefer   
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of farmers who prefer each of the management methods developed 
by the researchers were calculated based on the total number of re-
spondents. The percentages of farmers who prefer the combined use 
of the developed management methods were calculated based on 
the total number of respondents interested in integrated manage-
ment. Pearson’s chi-square test (χ 2) was used to examine differences 
in farmers’ preferences for the management methods developed by 
the researchers.

Analysis of farmers’ preferences for attributes of IPM methods 
was carried out using a Latent Class Logit (LCL) model. The LCL 
model analyzes preferences by grouping respondents into a number 
of homogeneous classes (Greene and Hensher 2003). LCL models 
with different numbers of classes were estimated and compared 
using the Akaike Information Criterion (AIC) and the Bayesian 
Information Criterion (BIC). The best model is the one with the 
lowest AIC and BIC values (Vivithkeyoonvong and Jourdain 2017, 
Kornher et al. 2019). Based on this, the four-class LCL model was 
identified as the best model and was therefore selected for this study. 
The explanatory variables included in the LCL model were farmer 
characteristics and IPM attributes. Analysis of the model results was 
performed at the 5%, 1%, and 0.1% significance levels. Farmers’ 
willingness to pay (WTP) for each attribute was calculated using 
the estimated parameters of the LCL model (Kornher et al. 2019). 
In this study, WTP is defined as the additional cost of protection 
that a farmer is willing to pay to benefit from the attributes of IPM 
methods. All data analyses were performed using STATA software, 
version 15.0.

Results

Characteristics of the Farmers Surveyed
The majority of farmers surveyed (62%) had no education. They had 
an average of 20 years of experience in agriculture and their house-
holds had an average of 11 persons. About 42% of the farmers had 
access to extension services. The average farm size was 8.24 ha. The 
smallest farms were 1 ha and the largest 23 ha. On average, farmers 
devoted 3.62 ha to maize crop, or 43% of the area available. The 
average total income of farmers was US$ 2298.88 per year.

The farmers interviewed were familiar with S. frugiperda larvae 
and recognized its damage in maize fields. However, very few 
farmers (3%) were able to identify other developmental stages of 
the pest, including eggs, pupae, and adults. All farmers interviewed 
recorded S. frugiperda attacks in their maize fields. The severity of 
the damage was high according to the farmers’ perceptions. They ob-
served an average of 78% of maize plants in their fields with severely 
attacked whorls, numerous elongated lesions, and the presence of 
larval droppings. About 92% of farmers used synthetic pesticides to 
control S. frugiperda. However, 7% of farmers used botanical pesti-
cides made from neem leaves (Azadirachta indica), vernonia leaves 
(Vernonia amygdalina), chili pepper (Capsicum annuum), and ash. 
In addition, about 6% of farmers did early planting, handpicking 
larvae, and application of ash on maize whorls to reduce the level of 
pest infestation.

Farmers’ Preferences for Management Methods 
Developed by Researchers
Most farmers (98%) were interested in at least one of the devel-
oped management methods presented to them during the interviews. 
These methods were the use of Emacot 19 EC, neem oil, Palmida 
soap, and intercropping maize with groundnut, soybean, or cowpea. 

Farmers preferred the use of Palmida soap (69%) more than the 
other methods (Fig. 1). After Palmida soap followed intercropping 
and neem oil. The lowest proportion of farmers (38.5%) preferred 
Emacot 19 EC because it was the least accessible management op-
tion in the study area. Pearson’s chi-square test indicated significant 
differences between the proportions of respondents who preferred 
Palmida soap and those who preferred Emacot 19 EC (χ 2 = 48.24, 
df  =  1, P  =  0.000), neem oil (χ 2  =  8.27, df  =  1, P  =  0.004), or 
intercropping maize with groundnut (χ 2 = 8.27, df = 1, P = 0.004). 
However, there were no significant differences between the propor-
tions of respondents who preferred Palmida soap and those who pre-
ferred intercropping maize with cowpea (χ 2 = 3.53, df = 1, P = 0.060) 
or intercropping maize with soybean (χ 2 = 2.29, df = 1, P = 0.130).

The majority of farmers (76.1%) were interested in an integrated 
management approach combining the management methods devel-
oped by the researchers. About 66.5% of the farmers were willing to 
apply a combined use of intercropping and ecological control prod-
ucts (Palmida soap or neem oil) to control S. frugiperda. In addition, 
22.1% of the farmers preferred the combined use of intercropping 
and the semi-synthetic pesticide Emacot 19 EC. About 19% of the 
farmers were willing to apply a combined use of Emacot 19 EC and 
ecological control products (Palmida soap or neem oil).

Farmers’ Preferences for IPM Attributes
The estimated LCL model distinguished four classes of farmers in 
the sample. Variables such as formal education, years of farming ex-
perience, farmer’s household size, access to extension services, total 
cropped area, and total farmer income were significantly relevant to 
characterize the classes of farmers (Table 3). Farmers in class 1 were 
more likely to have large farms than farmers in other classes. Class 
2 was more likely to be educated, have more experience in farming, 
a large household size, less access to extension services, and small 
farms. Class 3 farmers were more likely to have large household size, 
very small farms, and relatively low total income. Class 4 farmers 
were more likely to have less access to extension services, very small 
farms, and relatively very low total income. Farmers in classes 1, 2, 
3, and 4 represented 37.26%, 2.38%, 21.54%, and 38.82% of the 
sample, respectively.

The model showed that all IPM attributes were significantly rele-
vant to the choices made by farmers on the cards (Table 4). The 
protection cost parameter was significant and negative for classes 
1, 2, and 4.  This means that these classes preferred management 
methods that minimize their protection cost. The parameter of 
health risk reduction was significant and positive for all four classes. 
This indicates that farmers, regardless of class, preferred manage-
ment methods that preserve their health. The parameter of environ-
mental risk reduction was significant and positive for classes 1, 2, 
and 4. These classes preferred management methods that preserve 

Fig. 1.  Farmers’ preferences for some control methods developed by 
researchers.
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their production environment. The parameter associated with yield 
loss reduction was also significant and positive for classes 1, 2, and 
4.  This means that the effectiveness of IPM methods in terms of 
yield loss reduction determined the choice of farmers in these classes. 
The parameter associated with the combined use of management 
methods was significant and negative for class 2.  This shows the 
negative preference of farmers in class 2 for the combined use of sev-
eral management methods against S. frugiperda.

Farmers’ WTP for IPM Attributes
Farmers were willing to pay for the attributes of the IPM options 
(Table 5). Class 1 farmers were willing to pay additional protection 
costs of 0.32 US$/ha for the combined use of several management 
methods, 152.64 US$/ha for reducing human health risks, 108.79 
US$/ha for preserving the environment, and 21.15 US$/ha for redu-
cing yield losses caused by S. frugiperda. Thus, class 1 farmers were 
willing to pay a very small amount for the combined use of sev-
eral pest management methods. However, their WTP was more im-
portant for the preservation of their health and environment. Class 2 
farmers had positive WTPs for reducing human health risks (34.17 
US$/ha), preserving the environment (23.36 US$/ha), and reducing 
yield losses (9.01 US$/ha). However, they have a negative WTP for 
the combined use of several management methods (−10.60 US$/ha). 
Farmers in class 3 also had a negative WTP for the combined use of 
several management methods (−21.14 US$/ha) and positive WTPs 
for the other attributes. Class 4 farmers had positive WTPs for all 

non-monetary attributes. They were willing to pay additional pro-
tection costs of 4.53 US$/ha for the combined use of several man-
agement methods, 86.09 US$/ha for the reduction of human health 
risks, 22.20 US$/ha for the preservation of the environment, and 
4.90 US$/ha for a reduction in yield losses.

Thus, all classes of farmers were willing to pay additional pro-
tection costs to apply management methods that reduce health risks, 
preserve the environment, and reduce yield losses. However, only 
farmers in classes 1 and 4 were willing to pay to apply manage-
ment options that integrated several management methods. Class 4 
farmers’ WTP for the combined use of management methods was 
higher. These farmers were therefore more likely to apply IPM op-
tions than those in class 1. Regardless of class, environmental conser-
vation and health risk reduction were the most important attributes 
that led farmers to choose IPM options on the cards.

Discussion

Several management methods were tested and refined by the re-
searchers against S. frugiperda (neem oil, Palmida soap, Emacot 19 
EC, and intercropping maize with groundnut, soybean, or cowpea). 
The majority of farmers (69%) preferred to apply Palmida soap des-
pite the fact that it was less effective than the semi-synthetic pesti-
cide Emacot 19 EC in terms of reducing yield losses (Aniwanou 
et al. 2021). Indeed, Palmida soap is a local soap commonly used 
for domestic purposes by households in Benin. It is more available 

Table 3.   Parameter estimation results of the socio-economic variables included in the four-class LCL model

Variables LCL model

Class 2 Class 3 Class 4

Formal education (0 = Not educated; 1 = Educated) 0.7746*** (0.1694) −0.0065 (0.3790) 0.1590 (0.4811)
Number of years of experience in agriculture 0.0265*** (0.0064) 0.0142 (0.0129) 0.0081 (0.0182)
Size of farmer’s household 0.0682*** (0.0177) 0.0687* (0.0315) 0.0854 (0.0447)
Access to extension services (0 = No; 1 = Yes) −0.4278* (0.1879) −1.0659 (0.7425) −0.9123* (0.4147)
Area cropped (ha) −0.0622*** (0.0365) −0.1993* (0.0874) −0.1560** (0.0575)
Total farmer income (US$/year) −8.70e-09 (6.51e-08) −1.14e-06* (4.94e-07) −9.18e-07** * (2.63e-07)

Numbers without brackets are estimated parameters; numbers in brackets are standard errors of the estimated parameters; numbers with one or more asterisks 
are significant parameters and show the relevant variables to characterize each class; * indicates parameters significant at the 5% level; ** indicates parameters 
significant at the 1% level; *** indicates parameters significant at the 0.1% level. Class 1 was considered as the reference. This means that a positive parameter 
indicates a higher probability that the respondent with a given characteristic is a member of class 2, 3, or 4 compared to class 1. Conversely, a negative parameter 
indicates a higher probability that the respondent is a member of class 1 compared to class 2, 3, or 4.

Table 4.   Parameter estimation results for IPM attributes included in the four-class LCL model presented

Variables LCL model

Class 1 Class 2 Class 3 Class 4

Protection cost −0.0013*** (0.0001) −0.0058*** (0.0004) −0.0096 (0.0070) −0.0111*** (0.0019)
Combination of management methods 4.14e-04 (0.0054) −0.0615** (0.0184) −0.2029 (0.2917) 0.0503 (0.4554)
Reduction of health risks 0.1984*** (0.0108) 0.1982*** (0.0160) 0.9858*** (0.1182) 0.9556* (0.4615)
Reduction of environmental risks 0.1414*** (0.0063) 0.1355*** (0.0111) 0.2510 (0.2886) 0.2464** (0.0834)
Reduction of yield losses 0.0275*** (0.0027) 0.0523*** (0.0051) 0.2418 (0.1529) 0.0544** (0.0173)
Status quoa −0.6658*** (0.0270) −0.4938*** (0.0548) −2.4061 (0.0000) −2.3039 (0.0000)
Number of farmers (%) 37.26 2.38 21.54 38.82

aStatus quo or current management practices (1 if the respondent chooses the status quo and 0 otherwise); numbers without brackets are estimated parameters; 
numbers in brackets are standard errors of the estimated parameters; numbers with one or more asterisks are significant parameters and show the attributes rele-
vant to the farmers in each class.

* indicates parameters significant at the 5% level; ** indicates parameters significant at the 1% level; *** indicates parameters significant at the 0.1% level. 
A positive parameter indicates that the respondent has a positive preference for the considered attribute. Conversely, a negative parameter indicates a negative 
preference of the respondent for the attribute.
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and accessible in the study area than Emacot 19 EC. Tambo et al. 
(2020b) showed that transaction costs associated with access to 
crop protection inputs determine farmers’ choice of management 
methods. Management methods that reduce these costs are likely to 
be more successful for farmers.

In the four-class LCL model, farmers in classes 2 and 3 were reluc-
tant to combine several management methods. The main reason was 
the increased labor that this attribute might require. Thus, farmers 
in classes 2 and 3 were not willing to apply IPM methods. However, 
they were willing to pay for alternative management methods that 
protect their health and environment. Classes 1 and 4 had positive 
WTPs for all nonmonetary attributes, including the combined use 
of several management methods. Therefore, farmers in these classes 
were willing to pay to apply IPM methods against S. frugiperda. The 
WTP of class 1 farmers for combining several management methods 
(0.32 US$/ha) was very low compared to WTPs for the other attri-
butes. In addition, farmers in class 4 had a higher WTP for the com-
bined use of several management methods than those in class 1 (4.53 
US$/ha). This shows that farmers who are more likely to apply IPM 
methods against S.  frugiperda are those in class 4.  These farmers 
were willing to pay a maximum of 117.72 US$/ha to adopt an IPM 
technology against S. frugiperda.

The positive WTP of farmers in classes 1 and 4 for the combined 
use of several management methods may be explained by the poten-
tial for improved input productivity through IPM. In other words, to 
increase the likelihood of choosing an IPM option for S. frugiperda, 
the combination of management methods must not only be more 
effective than the status quo in reducing yield losses, but also im-
prove input productivity. It is clear that a farmer will only adopt a 
technology if its productivity and anticipated profitability are higher 
compared to nonadoption (Marenya and Barrett 2007). The surveys 
revealed that the majority of farmers (66.5%) who were interested 
in an integrated management approach were willing to apply a com-
bined use of intercropping and ecological control products (Palmida 
soap or neem oil) to control S. frugiperda.

Preservation of environment and human health are the most im-
portant attributes that led class 4 farmers to prefer IPM over their 
current pest management practices. Several studies have confirmed 
the interest of farmers in preserving their production environment 
in Africa as well as in other continents of the world. For example, 
in the Philippines, Cuyno et  al. (2001) showed that farmers were 
willing to pay 14–17 US$/season to reduce the risks to human health 
and environment associated with the exclusive use of synthetic pesti-
cides. In Italy, Travisi and Nijkamp (2008) reported that households 
were willing to pay 1049 US$/year to protect endangered bird spe-
cies, 1,758 US$/year to avoid soil and groundwater contamination 
in agricultural zones, and 1,543 US$/year to eliminate all risks of 
poisoning from synthetic pesticides. In Togo, Yovo (2010) found 
that farmers were willing to pay a premium of 18–22% of the price 

of the most expensive synthetic pesticides to apply environmentally 
friendly management methods, including biopesticides.

Farmers who were more likely to pay to apply IPM methods 
against S.  frugiperda had small farm size. Timprasert et al. (2014) 
came to this same result. They found a negative relationship between 
farm size and adoption of IPM practices. According to farmers, IPM 
is more appropriate for small farms because of the field monitoring 
constraints imposed by the approach. Monitoring pest populations 
is less burdensome on small farms. This study also showed that 
farmers who were more likely to apply IPM had a relatively low 
income. It is up to agricultural research institutions and scientists 
to intensify research efforts on effective, low-cost, and low-risk IPM 
practices to ensure sustainable management of S. frugiperda.

Farmers who were more likely to apply IPM had less access to 
extension services. In Benin, extension services in general struggle to 
perform their functions due to insufficient staff to monitor farmers 
(Davito et  al. 2017). The extension worker–farmer ratio was esti-
mated at 1:500 in 2015 (Mur et al. 2015). Furthermore, the mes-
sages disseminated by extension services for pest management in 
Benin are more focused on the use of synthetic pesticides. Khan and 
Damalas (2015) revealed that farmers who received information 
on handling synthetic pesticides were less willing to pay for IPM. 
For extension services to contribute to the success of an IPM pro-
gram, there is a need to improve the extension workers/farmers ratio 
through increasing the staff of extension workers, train extension 
workers on IPM approach, and adapt extension message content to 
promote IPM technologies.

Conclusions
This study reported on farmers’ preferences and their WTP for at-
tributes of IPM methods against S. frugiperda. It shows that farmers 
in Benin are mostly illiterate. They are familiar with S.  frugiperda 
larvae but have very little knowledge of the other developmental 
stages of the species. Attacks by the pest have been severe in 2019 
and the majority of farmers have used synthetic pesticides that still 
do not satisfy them. Farmers have been interested in the control 
methods developed by researchers and the combined use of these 
methods against the pest. The majority of farmers expressed a pref-
erence for the combined use of intercropping and ecological control 
products. Some farmers were reluctant to combine control methods 
because of the increased labor that it might involve. Preservation 
of the environment and human health are the most important at-
tributes that drive farmers to choose IPM methods. Farmers who 
are more willing to pay for IPM methods have less access to exten-
sion services, small farm size, and relatively low income. The find-
ings suggest that research efforts on effective, low-cost, and low-risk 
IPM practices should be intensified. Specifically, IPMs that combine 
intercropping with the use of ecological control products are likely 
to be more successful for farmers. The government should also help 

Table 5.   Farmers’ WTP for each IPM attribute by class (US$/ha)

Attributes Class 1 Class 2 Class 3 Class 4

Combination of management methods 0.32 −10.60 −21.14 4.53
Reduction of health risks 152.64 34.17 102.69 86.09
Reduction of environmental risks 108.79 23.36 26.15 22.20
Reduction of yield losses 21.15 9.01 25.19 4.90

The numbers reported in this table were calculated from the estimated parameters of the IPM attributes (Table 4). For example, WTPs for the attribute ‘Com-
bination of management methods’ were calculated by dividing the estimated parameters of this attribute by those of the attribute ‘Protection cost’ multiplied by 
–1 (Kornher et al. 2019).
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to: 1) improve the extension worker–farmer ratio by increasing the 
staff of extension workers, 2) train extension workers on IPM ap-
proach, and 3) adapt the extension message content to promote the 
IPM technologies developed. Institutional barriers to the adoption 
of IPM strategies remain unknown and should be studied through 
further investigation to ensure the social viability of IPM technolo-
gies for farmers.
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