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Potato late blight (LB), caused by the oomycete, Phytophthora infestans, continues to

be a major constraint of potato in the Andean region and worldwide. Farmers perception

regarding potato production with particular emphasis on management practices for LB

was surveyed in two communities in the Peruvian highlands using a questionnaire with

25 questions, many with multiple choice questions. In the village of Paucartambo, 84

women and 485 men of different ages participated in the survey, while in the village

of Ulcumayo, there were 146 women and 396 men, also of different ages. Overall,

responses were similar between the two locations, with some small but significant

differences. In general, there was a very clear association between age and education,

with only young men and women having secondary education. Respondents in both

locations overwhelmingly chose LB as the main constraint to production and cited either

personal experience or agrochemical vendors as the primary sources of information

about disease management. Many cultivars (25+) are grown in both locations, with

the two most important cultivars, Yungay and Huayro, being common in both locations

while others differed. There was evidence of confusion around the concept of host plant

resistance, as certain cultivars were cited as both relatively resistant and susceptible.

Many trade names of fungicides were recalled by respondents, but most were relatively

old products. Correspondence analysis indicated gender effects on LB management

practices and information sources in both locations that could be taken into consideration

to refine future interventions for research and capacity building, such as offering refresher

training courses for extension educators, including female extension workers, to help

farmers understand basic concepts to manage host resistance and fungicides properly,

and improve access to resistant varieties and effective fungicides.
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INTRODUCTION

Potato is a staple food throughout the Andes and is often the
primary source of income for farmers in highland communities
(Devaux et al., 2020). Late Blight (LB) caused by the oomycete
Phytophthora infestans, continues to be a major constraint of
potato in the Andean region and worldwide (Adolf et al., 2020)
resulting in large economic costs and dependence on pesticides.
In the European Union, the total cost of LB due to both direct
yield loss and fungicide use was estimated at e6 billion by
Haverkort et al. (2009), and in the United States, the total losses
due to LB were estimated $3.5 billion (Nowicki et al., 2012).
In lower-income countries, particularly in the highland tropics,
LB can be very problematic because of near year-round potato
production and thus the threat of disease occurring throughout
the whole crop cycle (Garrett et al., 2001). As a result of the
prevalence and epidemic potential of the pathogen, fungicide use
has become a routine aspect of potato production in most areas
where the crop is produced. LB is also particularly problematic
in lower income countries because of health risks to resource
poor farmers who frequently apply fungicides with no protective
equipment (Cole et al., 2007). Simulation modeling has shown
that LB will become more severe in some highland tropical
areas, as for example the Andean Highlands and the highlands
of Ethiopia and the Lake Kivu region (Sparks et al., 2014).

The disease management capacity of farmers is another
important factor affecting LB severity in low income countries,
where farmers have difficulty understanding this complex disease
due to insufficient knowledge of underlying processes (Ortiz
et al., 2004) and an inability to see the causal organism with the
naked eye (Sherwood and Bentley, 1995). Thus, it is important
for farmer training programs on potato LB management to
put sufficient attention on learning key technical aspects of
diseases that are not visible to farmers (Damtew et al., 2020).
Furthermore, while farmers play a key role in the LB control
by making decisions in their own fields, they are also affected
by the management strategies of other farmers in the landscape,
especially from those who fail to control disease in their
potato plots, which can act as inoculum sources (Pacilly et al.,
2016). Therefore, it is important to consider LB as a collective
action problem whose management requires a corresponding
re-configuration in information sharing and communicative
practices (Damtew et al., 2020).

Tafesse et al. (2018) proposed that to effectively manage
plant diseases, farmers need to learn about the diseases and
how to manage them in their local context applying a feasible
combination of management options through a community-
based approach. An assessment of Farmers Field Schools (FFS) in
Peru indicated that participants were more knowledgeable than
non-participants at the end of the training and that their expertise
was further increased after an additional year of participation
(Ortiz et al., 2004). Farmers can also be influenced by other

information sources, such as traders who may have their own

objectives and interests (Pacilly et al., 2016). Women and men

farmers play different roles in crop management, and they often
have different knowledge, information, and decision-making
power according to their roles and intra-household relationships

(Kawarazuka et al., 2020; Okonya et al., 2021). Understanding
gender differences can help improve FFS to address specific needs
and knowledge gaps of women and men farmers, respectively.

As a weather driven disease, LB is often managed at the
farm level with the aid of a decision support system (DSS).
These are generally computer-supported and require relatively
precise input data and thus are not appropriate for resource
poor farmers (Pérez et al., 2020). The International Potato Center
(CIP) recently developed a simplified DSS that does not require
complex data or computers, but it was proposed that even a
simplified DSS should be introduced with training (Pérez et al.,
2020).

A baseline study can help orient and improve the success of
any capacity building intervention with farmers (Förch et al.,
2014). One such survey conducted in Peru, Bolivia, Ecuador, and
Uganda between November 1997 and August 1998 reported that
farmers in all the participating countries relied on fungicides
to control LB. However, most farmers did not know how to
differentiate contact fungicides from systemic fungicides, and the
intensity of fungicide sprays was related with farmers’ education
level, farmer’s age, size of farm, and planting date but not with
susceptibility of potato cultivars (Ortiz et al., 1999). In Kenyan
highlands, a survey reported that farmers overwhelmingly (98%)
relied on application of fungicides to control LB, however,
the high cost of fungicide, poor application techniques, and
preference of susceptible cultivars contributed to an inadequate
control of the disease (Nyankanga et al., 2004).

In the preparation of farmer training in two regions of
Peru, CIP implemented a baseline survey of potato farmers
with the objective of learning more about the communities
and their current practices and knowledge of LB management.
This paper reports the results of the surveys and attempts
to draw conclusions that could improve a future capacity
building program.

MATERIALS AND METHODS

Questionnaire and Survey
A semi-structured questionnaire (Supplementary Material 1)
was used to conduct a survey among small-scale farmers between
November 2016 and June 2017, in two important potato growing
areas in the central Peruvian Highlands: Paucartambo, in the
department of Pasco, and Ulcumayo, in the department of Junin.
Both areas are known to have high LB disease pressure. Farmers’
houses and their potato plots were located between 2,422 and
4,209m.a.s.l. and all participants had agriculture as the main
economic activity and potato as the primary crop. A draft
questionnaire was validated previously with socio-economists
and pathologists from the CIP and subsequently with 10 farmers
from each area. Some questions were focused on characteristics
of respondents: age, gender, education level and altitude. Others
focused on main potato constraints, the causes of LB, criteria
of selection of fungicides, frequency of fungicide applications,
fungicide dosages, number of cultivars grown, identification
of cultivars resistant and susceptible to LB, and yield losses
(Table 1).
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Participants
In total, 1,198 farmers were interviewed with the final
version of the questionnaire. Farmers involved in this study
were randomly selected from each place to reflect potential
differences in potato production technologies, late blight
management, and pesticide use. All respondents came from
different households.

Data Analysis
Responses were first assessed individually or in pairs in
tabular or graphical form. Where possible, associations
between factors were tested with Chi-square or Wilcoxon
rank sum tests. The majority of responses were also assessed
in a multivariate correspondence analysis (CA, Nenadic
and Greenacre, 2007). CA is based on a contingency table,
and to create this for the survey results, many responses
leading to continuous scales were made into discrete classes
(Supplementary Material 2). For the contingency table,
age-gender classes (young men, young women, mid aged

men, mid aged women, senior men, and senior women)
were used as rows so that these respondent characteristics
could be compared against management perceptions, which
formed the columns of the table. Management options were
often modified.

Two rows and several variables were treated as supplementary
in the CA, i.e., their location on a biplot is estimated but
they are not used to form the plot dimensions. The two
rows were young women and senior women, because they had
relatively few representatives and would have thus had strong
effects in the CA. Supplementary columns included education
levels low, medium and high, altitude levels low, medium and
high, resistant cultivar as Yungay, resistant cultivar as other,
susceptible cultivar as Canchan, susceptible cultivar as other,
spray interval 1–8 days and spray interval more than 8 days.
Education related columns were made supplementary because of
their very strong correlation with age. The other columns were
made supplementary because they had overly strong effects in
the analysis but were not deemed that important by the survey

TABLE 1 | Number of respondents with different education levels by age and gender class in Paucartambo and Ulcumayoa.

Education

by location

Young

females

Young males Mid females Mid males Senior

females

Senior

males

Total

females

Total

males

Total

Paucartambo

Secondary

14 112 8 31 4 4 26 147 173

Primary 3 20 34 173 16 110 53 303 356

None 0 0 0 0 5 35 5 35 40

Total 17 132 42 204 25 149 84 485 569

Ulcumayo

Secondary

29 75 0 5 0 0 29 80 109

Primary 11 19 54 151 33 97 98 267 365

None 0 0 0 0 19 49 19 49 68

Total 40 94 54 156 52 146 146 396 542

aThe relation between age/gender classes and education was highly significant in both Paucartambo (p< 0.0001) and Ulcumayo (p< 0.0001), using Fisher’s exact test of independence.

TABLE 2 | Number of respondents in different altitude ranges by age and gender class in Paucartambo and Ulcumayoa.

Altitudeb Young Mid aged Senior Total

m.a.s.l. Females Males Females Males Females Males Females Males Total

Paucartambo

High (>3,500) 2 31 10 53 9 28 21 112 133

Mid (3,000–3,500) 7 33 14 65 10 27 31 125 156

Low (<3,000) 8 68 18 86 6 94 32 248 280

Total 17 132 42 204 25 149 84 485 569

Ulcumayo

High (>3,600) 30 79 39 129 46 133 115 341 456

Mid (3,000–3,600) 6 12 12 18 2 7 20 37 57

Low (<3,000) 4 3 3 9 4 6 11 18 29

Total 40 94 54 156 52 146 146 396 542

aThe relation between age/gender classes and altitude was significant in both locations: for Paucartambo = X2 (10, N = 569) = 24.447, p < 0.0065; and for Ulcumayo = X2 (10, N =

542) = 20.899, p < 0.0218.
bBecause of different altitude profiles, altitude levels for classes are different.
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FIGURE 1 | Frequency histograms of respondents by age and gender in Paucartambo (A) and Ulcumayo (B) and of respondents by altitude for Paucartambo (C) and

Ulcumayo (D); males, forward slashed bars; females, hatched bars.

designers. Statistical and correspondence analyses were done in
R (R Core Team, 2018).

RESULTS

Characteristics of Respondents
There were 569 and 542 respondents participating in the surveys
in Paucartambo and Ulcumayo, respectively (Table 2). There was
an even distribution of ages, spanning a range from below 20
years to 80 or more years in both locations (Figures 1A,B). Both
males and females were represented across the age distribution,
except in Paucartambo where there were no women below 30
(Figure 1A). Women made up 37.1% of the respondents in
Ulcumayo, but only 6.8% in Paucartambo (percentages calculated
from Table 1).

Education was strongly associated with age in both
locations (Table 1). Lack of education occurred only in the
older age groups and secondary education was associated
primarily with the youngest age class. Fisher’s exact tests for
independence of age/gender class and education were highly
significant in both Paucartambo (p < 0.0001) and Ulcumayo (p
< 0.0001).

Based on frequency histograms, both female and male
respondents were farming at all altitudes in both locations
(Figures 1C,D), however, in general, potato production was
generally done at higher altitudes in Ulcumayo. At that

location, 93% of production occurred above 3,000 masl, while
in Paucartambo, only 51% of production occurred above 3,000
masl (calculated from Table 2). Age/gender classes were less
clearly associated with altitude (Table 2); however, Chi-square
tests of independence of age/gender classes and altitude were
significant for both Paucartambo (p = 0.0065) and Ulcumayo
(p= 0.0218).

Production Constraints, Causes of LB and
Sources of Knowledge
Nearly all respondents in both locations identified LB as
the primary constraint to potato production, while Andean
weevil was considered the second most important constraint in
both locations (Figure 2A). Other constraints were identified
by 15% or fewer of respondents and a Fisher’s exact test
of independence between location and choice of constraint
was highly significant (p < 0.0001). Respondents in both
locations also considered that LB is primarily caused by a
combination of sun, rain and fog, while other factors were
considered less important (Figure 2B). As a slight exception,
25% of respondents in Paucartambo considered rain alone to be
most important (Figure 2B). There were no significant gender
differences in their perceptions on the primary constraint to
potato production (Figures 3A,B), nor in the causes of LB
(Figures 3C,D). In both locations, over 80% of respondents chose

Frontiers in Sustainable Food Systems | www.frontiersin.org 4 May 2022 | Volume 6 | Article 873490

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Perez et al. Farmer Perceptions Late Blight Potatoes

FIGURE 2 | Percentage of respondents choosing specific potato pests and

diseases as the primary problem (A), causes of late blight (B), and sources of

information to control late blight (C) Legend: black, Paucartambo; gray,

Ulcumayo. Fisher’s exact test for independence of location and the factor in

question was highly significant in all three cases.

one of two sources of information: agrochemical vendor or self,
with the former slightly more important in Paucartambo and

the latter slightly more important in Ulcumayo (Figure 2C).
None of the other sources of information were chosen by
over 10% of respondents. Chi-square tests, based on the
first four choices in each case, indicated that responses in
the two locations were significantly different for primary
constraint, causes of LB and source of information. There was a
significant difference in information sources between men and
women respondents in both locations (Figures 3E,F). Women
respondents tended to rely on information from agrochemical
vendors rather than self. Extension agents and institutions
are not a major source of information for women as well
as men.

Most Widely Grown Potato Cultivars and
Those Considered Susceptible or
Resistant to LB
Respondents in Paucartambo and Ulcumayo identified 21 and
26 potato cultivars, respectively (Supplementary Material 3).
Yungay was the most important in both locations (the 15
most widely grown are shown in Figure 4A). Huayro, Canchan,
Chaulina, Peruanita, Tumbay, and Andina were also important
but to a varying degree in each location. Some less important
cultivars were grown only in one location. Locations were
significantly different for cultivars recalled (p < 0.0001) based
on Fisher’s exact test of independence (Figure 4A). The profiles
of the number of cultivars grown per farmer were similar
in both locations, but there was a slight yet significant (p <

0.0001) tendency for farmers in Ulcumayo to growmore cultivars
(Figure 4B).

Respondents in both locations chose Canchan as the cultivar
most susceptible to LB (Figure 4C). Otherwise, the locations
differed in their perceptions of susceptible varieties. The cultivar
Yungay was chosen by over 50% of respondents in both locations
as the most resistant to LB (Figure 4D). Chaulina, more popular
in Ulcumayo (Figure 4A), was also chosen by over 30% of
respondents in that location. Other than the first choice, and
similar to the choice of susceptible cultivars, respondents in the
two locations often had different views of resistant cultivars. The
cultivar Huayro was chosen by respondents in Paucartambo as
both the second most resistant and second most susceptible to
LB. The cultivar Tomasa was the second most susceptible and
fifth most resistant for respondents in Ulcumayo (Figures 4C,D).
Location differences for selection of resistant and susceptible
cultivars were significant (p < 0.0001), based on Fisher’s exact
test of independence.

Fungicide Use
In both locations respondents recalled well over 30 trade
products, but also in each location about half were named
by fewer than 1% of participants and a few participants gave
products that are not fungicides (e.g., the insecticide Furadan,
Figure 5A), but this was rare. In both locations the order of
importance of trade products were relatively similar (Figure 5A).
The trade name of a fungicide most frequently given was
Antracol, recalled by nearly 50% of respondents in both locations.
Dithane, the second most common, was given by slightly over
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FIGURE 3 | Effects of gender on the most important constraints (A,B), factors causing late blight (C,D) and sources of information (E,F) in the communities of

Paucartambo (A,C,E) and Ulcumayo (B,D,F). Gray bars represent men and black bars represent women. Fisher’s exact tests of independence indicated that there

was no effect of gender for important constraints nor causes of late blight in either location, while for source of information, gender was not significant in Paucartambo

(p = 0.1085) and highly significant in Ulcumayo (p < 0.001).
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FIGURE 4 | Percentage of respondents choosing cultivars most widely grown (15 most important, A), number of cultivars per farmer (B), susceptible to late blight (C),

and resistant to late blight (D) in Paucartambo, black bars; Ulcumayo, gray bars. Fisher’s exact tests (A,C,D) for independence of factors were highly significant (p <

0.0001), as was the Wilcoxon rank sum for differences in means (B, p < 0.0001).

45% of respondents in both locations and Curzate, the third
most common, by over 30% of respondents in both locations.
After that, recalled trade names differed between locations.
Only those named by at least 1% of respondents are presented
(Figure 5A), and products that appear to be unique to one
location (e.g., Manzate in Ulcumayo, Figure 5A), may have been
present in the other location but were mentioned by fewer than
1% of respondents.

Similar numbers per respondent of fungicide trade names
were recalled in both locations, producing nearly identical
box plots (Figure 5B). However, respondents in Ulcumayo on
average recalled a slightly higher number of fungicides at 2.76
than did respondents in Paucartambo, with 2.63 (data not

shown), driven in part by a small number of people in Ulcumayo
who recalled 5 trade fungicide names. The difference between
locations was significant based on aWilcoxon rank sum test (p <

0.0011). Locations also had similar response patterns for reasons
for initiating LB control sprays, but here respondents primarily
chose one of two, emergence or 20–30 days post emergence, with
the former being most important (Figure 5C). Environmental
triggers such as rainfall, were not frequently chosen. A Chi-
square test for independence of locations was significant at p =

0011 as, proportionally, fewer respondents in Ulcumayo chose
emergence as the primary trigger for spraying.

Locational differences were slightly significant (p < 0.000) for
dose of fungicide used per 20 l sprayer based on Wilcoxon rank
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FIGURE 5 | Percentage of respondents choosing most widely used fungicides, of which those with at least 1% of respondents are shown here (A), total number of

fungicides (B), reason for initiating the first late blight spray (C), dose of fungicides per 20 l sprayer (D) scaled number of sprays [(1, fewer than 5 sprays; 2, between 6

and 10 sprays; 3, between 11 and 15 sprays; 4, between 16 and 20 sprays; 5, more than 20 sprays)] (E), and interval between sprays (F) in Paucartambo, black bars;

Ulcumayo, gray bars. Chi-square tests (A,C,E) for independence of factors were significant, as were the Wilcoxon rank sum tests for differences in means (B,D,F).
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FIGURE 6 | Potential yield with no damage from late blight (bags of 70 kg per ha), as estimated by respondents in Paucartambo and Ulcumayo (A), and estimates of

respondents from both locations for percent loss due to late blight if fungicides are not used and the disease is present (B). Locational differences were highly

significant (p < 0.0001) for both potential yield and yield loss based on Wilcoxon rank sum tests.

sum tests (Figure 5D). Respondents in Paucartambo tended to
spray more frequently than did those in Ulcumayo, with a larger
percentage from the former choosing spray scale levels 3 and 4,
representing between 11 and 20 sprays per season (Figure 5E).
The interval between fungicide sprays was approximately 1 week
in each location but farmers in Ulcumayo tended to have a
slightly longer interval and there was more variation among
farmers in this location (Figure 5F). Locational differences were
highly significant (p < 0.000) for both number of sprays and
spray interval, based on Wilcoxon rank sum tests.

Yield
Respondents in Paucartambo estimated potential yield to be
slightly higher than did respondents in Ulcumayo, with median
values of 25 and 20 bags per ha (bag = 70 kg), respectively
(Figure 6A), but estimated slightly lower percentage loss due to
LB, if fungicides were not used (Figure 6B). In both locations,
potential loss was estimated to be above 50%. Locational
differences were highly significant (p< 0.0001) for both potential
yield and yield loss based on Wilcoxon rank sum tests.

Correspondence Analysis
In both locations, there was a relatively strong association
of factors based on gender. Women of all ages generally
clustered together. Mid aged men in Paucartambo (Figure 7)
and young men in Ulcumayo (Figure 8) were projected
on the biplot relatively distant from other respondents of
the same gender, but it was nonetheless possible to make
some inferences about potential gender-based perceptions of
disease and crop management practices, as there were several

associations among respondent characteristics and management
practices that were similar in both locations. For example, in
both locations, men of all ages tended to be associated with
basing the first spray on a calendar, recalling a relatively high
number (3–7) of fungicides, recalling systemic fungicides, and
relying on personal experience as a source of information.
In both locations women tended to observe others for
first spray cues, recalled fewer fungicides, generally recalled
contact fungicides and got information from outside sources.
Some perceptions were not consistent across locations. For
example, cultivar Yungay was considered resistant by women
in Paucartambo and by men in Ulcumayo. A number of
other perceptions were not clearly associated with gender.
There was also no clear pattern associated with the ages
of respondents.

DISCUSSION

Perception About Late Blight
Similar to a number of other studies in highland tropical
locations (Kromann et al., 2009; Monteros and Delgado, 2021),
respondents in both locations considered LB to be the primary
constraint to potato production. As mentioned, and discussed
in more detail below, LB is particularly difficult to manage in
the highland tropics where potato or other wild hosts of P.
infestans are present year-round. The difficulty of LB in the
survey regions is also implied by the large number of fungicide
sprays per season (Figure 5E). Increased capacity building for
LB management and/or new technologies such as resistant
varieties could provide major benefits for resource poor farmers
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FIGURE 7 | Correspondence analysis biplot for characteristics and responses of respondents from Paucartambo. Color code: dark blue, respondent age-gender

classes that form the rows in the contingency table; light blue, respondent age-gender classes used as supplementary rows; red, management choices in the form of

discretized variables that form the columns in the contingency table; brown, management choices used as supplementary columns.

in these conditions. Participants were not asked directly about
interactions with public or private extension services, but these
institutions were not frequently cited as sources of information
for LB management. Most respondents either relied on their own
knowledge or consulted agrochemical vendors (Figures 3E,F).
Thus, either there had been few or no previous interventions
for improving LB management in the communities or they did
not have lasting impact. This issue could be addressed in a
future intervention by offering refresher training courses for
extension educators, including female extension workers, with
participatory farmer field school approaches (Ortiz et al., 2004).

Cultivars

The most important potato cultivars in both locations are
relatively old and come from the breeding programs of the
national potato program or CIP. This most likely indicates that
most of the respondents target larger urban markets where

these cultivars are popular, while keeping native varieties for
home consumption. While the older cultivars have market
value, they are relatively susceptible to P. infestans. To stimulate
use of newer and more resistant cultivars that require less
fungicide to control LB, future development activities should
involve market analysis and eventually market interventions that
consider the environmental impact of these varieties (Kovach
et al., 1992), to identify consumers willing to buy tubers
from resistant varieties and, therefore, stimulate farmers to
adopt them. CIP has developed a Participatory Market Chain
Approach (PMCA, Bernet et al., 2006) that brings together
market chain actors to identify and support innovations,
which in the past has involved development of markets for
new cultivars.

There were inconsistencies in the recognition of cultivars as
either resistant or susceptible, with several appearing relatively
high in both lists (Figures 3C,D), and this occurred in both
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FIGURE 8 | Correspondence analysis biplot for characteristics and responses of respondents from Ulcumayo. Color code: dark blue, respondent age-gender classes

that form the rows in the contingency table; light blue, respondent age-gender classes used as supplementary rows; red, management choices in the form of

discretized variables that form the columns in the contingency table; brown, management choices used as supplementary columns.

locations. Furthermore, most of the resistant varieties cited
are not known by researchers to possess important levels of
resistance and Yungay, chosen as resistant in both locations, is
generally considered susceptible (Wulff et al., 2007; Lindqvist-
Kreuze et al., 2014). Serranita is known to have relatively high
resistance, but it was only rarely mentioned by respondents
(Figure 4D). This could indicate that farmers know the resistance

of some varieties in their own locations which we are not aware
of, or they do not have a clear understanding of the role of host
resistance in managing potato late blight, or that, other than
Serranita, they are not aware of or do not have access to resistant
cultivars. This highlights an important research question as to
whether the lack of consensus on use of resistance is due to farmer
perceptions, unavailability of resistant germplasm, or both.
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Fungicides
The responses of participants to questions related to fungicide
use (Figure 4) demonstrated some commonalities across the two
locations. Most of the fungicides recalled were older chemistries.
According to the fungicide table of the Euroblight Network
(EuroBlight, 2021), the active ingredients used in the trade
products that respondents recalled were all released before 2007,
and many of the new active ingredients were not mentioned in
the responses.

The most recalled trade product in both locations was
Antracol, which contains the contact fungicide propineb. Beyond
that, most of the commonly recalled products contained
mancozeb, a broad-spectrum contact fungicide released in the
1940s, which, when all fungicides are considered, is certainly

the most common active ingredient used in both locations.

Environmental and human health risks of excessive use of

mancozeb have led to increasing pressure from environmental

groups to ban the fungicide (Reuveni, 2021) and the global

potato industry is anticipating the loss of mancozeb in the near

future (Anonymous, 2021). The third and fifth most frequently
recalled products contain the translaminar fungicide cymoxanil,
and overall, 30% of products recalled contain a translaminar
or systemic ingredient (data not shown), indicating a relatively
frequent use of these more effective and more expensive
compounds. It is not known, however, whether respondents
understood the difference between contact fungicides and those
with more mobility in plant tissue. Reasons for the apparent
gender association with contact and systemic/translaminar
products are also not clear. Overall, the question remains whether
newer fungicides are available in the communities, and if so, are
they not used because of the high cost or because farmers are not
aware of their efficacy.

Survey results gave indirect evidence of the difficulty of
managing LB under highland tropical conditions. In both
locations the majority of respondents said that they initiate
fungicide spraying at emergence, with the secondmost important
period between 20 and 30 days after planting (Figure 5C). This
indicates that farmers consider that plants could be infected at
emergence or at least in very early stages of growth and thus
crops must be protected during the majority of the growing
season. Other studies in the Andean region have also found
that very early infection is a common threat due to year-
round climate propitious to potato growth (Garrett et al., 2001).
Research has also demonstrated that it is possible for potato
sprouts to be infected prior to emergence by aerially deposited
spores of P. infestans (Kromann et al., 2008). The predominance
of fungicide application at or soon after emergence may also
indicate a lack of knowledge or equipment that would permit
farmers to use weather-based indicators. However, if inoculum
is present at emergence, there would seem to be no alternative to
early application of fungicides.

Correspondence Analysis
The gender effect evident in both CA’s confirms previous studies
that show that women and men farmers often have different

perceptions of management issues (e.g., Kawarazuka et al., 2020).
This survey identified important gender differences, such as men
tended to rely on personal experience in their decisions on
LB management. Men also tended to spray a relatively higher
number of fungicides than did women farmers. Men’s reliance on
their experience might be associated with their limited training
opportunities or little trust in extension services. Therefore,
specific training and visible evidence through demonstration
fields may induce men as well as women to change their
practices to utilize scientific information such as DSS instead
of following their own decisions. Reaching women farmers
is another challenge. While women play significant roles in
potato production in Peru, potato farmer organizations are
dominated by male farmers with a small number of women
who tend to be highly educated and hold land titles (Patel-
Campillo and García, 2018). Therefore, providing LB training
through potato farmer organizations may not be effective
for reaching many women farmers. The literature in other
regions shows that agricultural programs with a clear target
for women farmers can significantly increase women’s access to
information on crop management (Akter et al., 2016; Mudege
et al., 2016; Williams and Taron, 2020). Offering tailored training
to meet women’s specific needs is our priority. To effectively
reach women, alternative approaches, such as engaging with
women’s social groups through NGOs can be tested in the
Peruvian Andes.

The questionnaire used in this study gave a good
overview of farmer perceptions related to LB management
practices. The questionnaire could potentially be improved
by linking it to multi-indicator surveys (e.g., Hammond
et al., 2017) where social scientists, pathologists, agronomists
and occupational health workers can include questions to
capture information related to potato crop management.
An improved questionnaire could eventually become a tool
for simplifying and facilitating baseline studies where LB
is important.

Any recommendations for future interventions should take
into consideration that the occurrence of the COVID-19
pandemic has dramatically changed training for farmers. Sessions
programmed in Farmers Field Schools (FFS), field days and local
meetings have recently been canceled to reduce physical contact
to a strict minimum to avoid spreading the virus SARS-CoV-2.
In this context, and although there are still many challenges in
remote areas to access and utilize internet for agriculture, digital
apps are being prioritized have a great potential, especially with
young farmers, to transform extension in areas where internet
is available.
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