American Journal of Potato Research (2023) 100:39-51 C“Z%)AA
https://doi.org/10.1007/512230-022-09893-0 S A

®

Check for
updates

Farmers Experiencing Potato Seed Degeneration Respond but Do Not
Adjust Their Seed Replacement Strategies in Ecuador

Israel Navarrete'%3*(® . Jorge L. Andrade-Piedra®’ - Victoria L6pez® - Xuanyu Yue? - Jazmin Herrera’ -

Mayra Barzallo® - Klever Quimbiulco”® - Conny J. M. Almekinders3* - Paul C. Struik?

Accepted: 11 November 2022 / Published online: 21 December 2022
© The Author(s) 2022

Abstract

In Ecuador, farmers poorly adopt practices to manage potato seed degeneration. This could be related to the deficient
understanding of the farmers’ capacity to experience seed degeneration and respond to it. We contribute to this understand-
ing by answering: How do farmers experience seed degeneration?; What practices do farmers implement when their seed
is degenerated?; and Is experiencing degeneration the pivotal factor determining how farmers replace their seed regard-
less their income? We analysed data collected in Ecuador through farmers’ focus group discussions, farmers’ surveys and
interviews, and the Ecuadorian employment status survey. We found that approximately half of the farmers experienced
degeneration. Farmers experienced it through low yields, change in seed appearance, crop weakening, and seed physi-
ological problems. When farmers experienced degeneration, they replaced their seed, sought for technical advice, applied
more agricultural inputs, or grew other crops. Income was an important trigger for farmers to change their seed replace-
ment practices.

Keywords Indicators of seed degeneration - Farmers’ knowledge - Farmers’ practices - Local seed systems - Purple top
disease

Introduction for potato production in low- and middle-income countries

(Thomas-Sharma et al. 2016). Seed degeneration is defined
Potato (Solanum tuberosum L.) seed degeneration is a threat  as the process of accumulating pests and pathogens on or
in the seed when seed is propagated on-farm over succes-
sive cycles. This process leads to a reduction of seed quality
and yield (Struik and Wiersema, 1999; Thomas-Sharma et
al., 2016). Potato seed degeneration is considered a threat
because the use of certified seed and seed replacement

D4 Israel Navarrete
israel.navarrete(@cgiar.org

! International Potato Center, Quito, Ecuador rates are low (Thiele 1999; Gildemacher et al. 2009). It is
2 Centre for Crop Systems Analysis, Wageningen University p resumably 2.1150 ex.acerbated by the low u_se of 1mproved
and Research, Wageningen, The Netherlands potato varieties resistant to seed degeneration (Eriksson et
3 Knowledge, Technology and Tnnovation, Wageningen al. 2018.; McEwan et al. 2021) and thfe Var1gble gdopnon
University and Research, Wageningen, The Netherlands of practices to manage seed degeneration (Priegnitz et al.
4 CGIAR Research Program on Roots, Tubers and Bananas 2_01 9). By lmplerr'lentlng on-farm ma'magement pr?ctlces
(RTB), Lima, Pera like positive selection, a farmer could increase the yield on

average by 12% in comparison with farmers’ seed (Prieg-
nitz et al. 2020). Other practices like seed plot technique
could help maintain the health of the seed for multiple
cycles of on-farm propagation (Bryan 1983; Kinyua et al.
2015). Despite the potential gains on yield and seed health,
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of certified seed is less than 6% (Ministerio de Agricultura
y Ganaderia 2020), and positive selection, roguing and the
seed plot technique are applied by less than 3% of farmers
(Navarrete et al. 2022).

There can be different reasons for the low adoption of
varieties and practices to manage seed degeneration. These
could be: (1) farmers do not experience seed degeneration
and therefore they do not consider they need practices to
manage it, (2) farmers experience the problem and have
their suitable portfolio of practices (no need for new tech-
nologies), and (3) farmers experience the problem, but
practices are ineffective under their socio-ecological condi-
tions. Here, experience is defined as knowledge and skills
of farmers to recognize or identify signs of the process of
seed degeneration (adapted from Oxford University Press,
2021). Regarding the mentioned reasons, economic factors
such as (on/off) farm income or land availability are impor-
tant drivers for the decision to adopt or select a practice
(i.e., actions that farmers take to manage diseases and pests)
(Ojiem et al. 2006; Schreinemachers et al., 2015; Nigussie
et al. 2017; Teshome et al. 2019; Islam et al., 2020). In the
case of practices that could help manage seed degeneration,
there is evidence that farmers’ wealth, investment capac-
ity, and household food insecurity influence the decision
process to use certified seed, replace or exchange seed, or
use improved varieties (Okello et al. 2016; Tadesse et al.
2017a; Tadesse et al. 2017b). This information highlights
the importance of understanding how farmers experience
and respond to seed degeneration, and how farmers’ eco-
nomic conditions influence the type of response(s). A better
understanding of this problem could contribute to increas-
ing adoption rates, by bridging the knowledge gaps between
farmers and scientists, strengthening farmers’ capacities,
and improving communication strategies (van Mele 2000;
van Asten et al. 2009; Liebig et al. 2016; Urrea-Hernandez
et al. 2016; Duong et al. 2019).

Farmers experience pests and diseases through their abil-
ity to observe. They assign folk names to pests and diseases
based on their observations such as Mancha chocolatada that
in Bolivia refers to chocolate spot (Botrytis fabae) in beans
or Kuwumba that in Uganda refers to weevils (Bentley et al.
2009). Farmers also use this ability to evaluate the quality of
the seed. In this regard, Peruvian farmers look into the eyes
of the potato for soil traces to identify the origin of the seed
and hence evaluate the seed quality (Urrea-Hernandez et al.
2016). Unfortunately, when it comes to seed degeneration,
the information on how farmers experience this problem is
poor. Crissman et al. (1993) found that farmers experience
degeneration when the seed does no longer have the capac-
ity to produce well. In the Andean region, farmers refer to
this experience as la semilla estd cansada (translation from
Spanish: the seed is tired; Crissman and Uquillas 1989). In
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Kenya, farmers use the word Kuzara that in Swahili means
feeble-looking and diseased plants unlikely to provide good
yields (Kwame Ogero, personal communication, 2021).
However, these descriptions are imprecise because they do
not describe whether farmers experience the process of seed
degeneration or just the end result of the degenerated seed:
low productivity. Unfortunately, the farmers’ description of
low productivity is subjective as it can be the consequence
of a combination of factors beyond seed degeneration, such
as lack of rainfall during the growing season. It is critical to
explore other indicators that farmers observe on the degen-
erated seed.

It is likely that farmers will respond once they experience
seed degeneration. One of the most common practices is the
replacement of degenerated seed with high-quality or certi-
fied seed (Thiele 1999). This replacement could be with seed
of the same variety or a different variety (Crissman et al.
1993), with new traits such as disease resistance, etc. Farm-
ers could opt to partially or entirely replace their seed lot or
the varieties (Almekinders et al. 1994; McGuire and Sper-
ling 2008). Yet, seed replacement due to seed degeneration
seems to be uncommon in the Andes (Crissman and Uquil-
las 1989; Almekinders et al. 2019) Even though replacing
seed is a common farmers’ response, implementing this
practice could be challenging for them in certain countries.
This is because access to seed could be restricted by the
presence of plant diseases or pests or poor availability of
seed from different sources (e.g., specialized seed producers
or seed potato production programs). For example, the pres-
ence of Bacterial wilt (caused by Ralstonia solanacearum)
impeded farmers’ purchase of seed from seed cooperatives
in Ethiopia (Abdurahman et al. 2017). Yet, there is insuf-
ficient information to understand how farmers are replacing
their degenerated seed or responding to seed degeneration
when this practice is not an option. To diversify farmers’
responses to seed degeneration, scientists are advocating
the use of an “Integrated Seed Health Strategy” in low- and
middle- income countries. This approach combines the use
of or replacement with high-quality seed, use of resistant
varieties, and use of on-farm management of practices such
as positive selection (Thomas-Sharma et al. 2016). Despite
the potential these practices offer to the management of
degeneration, these will be implemented only if farmers
experience seed degeneration and decide to respond to it.

In the tropical highlands of Ecuador, farmers’ potato
seed lots are affected by a plethora of seed-borne diseases
and pests. Among the main causes of seed degeneration are
the Andean weevil (Premnotrypes vorax), Potato Virus X
(PVX), Potato Virus S (PVS), and black scurf (i.e., hard-
ened sclerotia of Rhizoctonia solani attached to the seed)
(Fankhauser 2000). However, farmers’ management prac-
tices, in this region, could be playing an important role in
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Fig. 1 Geographical and economic context of the province of Coto-
paxi in Ecuador. On the left, the province of Cotopaxi (grey area) in
Ecuador. On the right, main potato-production cantons in the province

the rates of accumulation of diseases and pests on the seed
(Navarrete et al. 2022). The introduction of the potato pur-
ple top disease — a new cause of potato seed degeneration in
Ecuador — and of the potato psyllid (Bactericera cockerelli)
into the country seems to have aggravated seed degenera-
tion, with great impact on potato producers (Caicedo et al.
2015; Castillo et al. 2018; Castillo et al. 2019; Caicedo et al.
2020). A sharp increase in the number of fields infected with
purple top disease (hereafter outbreak) was noted by farm-
ers and scientists in 2018-2019 (Navarrete et al. 2021). It is
presumed that the impacts of purple top during this outbreak
led to a decline in the area cropped to potato in the entire
country (Castillo 2020) and the increase in the number of
insecticide sprayings (first author’s personal observations).
Technical recommendations to manage purple top and the
potato psyllid include the use of high-quality seed, monitor-
ing the presence of the psyllid, roguing infected plants, and
crop rotation (Cuesta et al. 2021).

Unfortunately, there is hardly any information that sys-
tematically describe and analyse how farmers experience
and respond to seed degeneration. In this article, we want to
fill this knowledge gap by focusing on three research ques-
tions: (1) How do farmers experience seed degeneration?;
(2) If farmers experience seed degeneration, what practices
do farmers implement?; and (3) Is experiencing seed degen-
eration the pivotal factor determining how farmers select
their seed replacement practices regardless their income? By

20 km

of Cotopaxi. The grid squares with different colors indicate the varia-
tion in income in December 2019 (Instituto Nacional de Estadistica y
Censos 2019). Dots represent the places where a farmer was surveyed.

seed replacement practices, we refer to means or channels to
obtain new seed that will be used instead of the degenerated
seed like seed purchase, selecting seed from potato received
as gifts or racion (in-kind payment in the form of potatoes
received when assisting other farmers during the harvest),
and seed exchange. We shed light on these research ques-
tions for Ecuador using information collected through focus
group discussions, farmers’ surveys, two independent sets
of interviews, and the Ecuadorian employment status sur-
vey. We expect this article motivates a discussion among
scientists, practitioners, and decision-makers about how
to increase technology adoption by recognizing farmers’
capacity to experience seed degeneration and respond to
this problem depending on their economic conditions.

Materials and Methods
Context of the Studies

We performed this research in the province of Cotopaxi
located in the central highlands of Ecuador (Fig. 1). A high
proportion of inhabitants of this province are poor (Cabrera
et al. 2016); particularly those living in the rural areas (dark
areas in Fig. 1). It is estimated that the household income
was between 22 and 432 USD during the month of Decem-
ber in 2019 — last report before COVID-19 hit Ecuador

@ Springer



42 American Journal of Potato Research (2023) 100:39-51

— (Instituto Nacional de Estadistica y Censos 2019). Farm- 2
ers produce potato in the intervalley and the highland areas S
(the western and eastern ranges). The potato production £ «wo—a
takes place between 2400 and 3800 m above the sea level
(Andrade et al. 2002). The entire production accounts for %;o
7.1% of the national production (Sistema de Informacion %
Publica Agropecuaria 2020). Even though the potato crop 5
is an important source of income, farmers reach the lowest 8 E
yields at national level (Ministerio de Agricultura y Ganade- § .
ria 2019). Also, the large majority of the farmers save seed I -
for the next season (Ministerio de Agricultura y Ganaderia §~ 5 - o a
2019). For farmers, the main concerns in the production of g ,é?*
potato are late blight (Phytophthora infestans; reported by 5 g s
58% farmers), purple top disease (unknown causal agent; 2B |3
reported by 19% farmers), and Andean weevil (Premno- AE (&~ ~ -
trypes vorax; reported by 19% farmers) (Ministerio de Agri- .
cultura y Ganaderia 2019). ‘é}) E
s |2 -

Data Collection §

. E 18 e a
Focus groups to discuss how farmers experience seed degen- &
eration and replace seed: Four meetings were organized g
with farmers in the province of Cotopaxi from March to %D 7
June 2018 (Table 1). These meetings were organized by our E o gﬂ
project partners: the extension department of the National S eslz
Agricultural Research Institute, the extension department of BEEE o

the Ministry of Agriculture and Livestock, and the Techni-
cal University of Cotopaxi. For this reason, these took place
in the areas where our partners are implementing seed inter-
ventions. At the beginning of each meeting, farmers were
asked to list their potato varieties according to the destina-
tion: market or home consumption. Only in one meeting,
farmers decided to compare bred and local varieties. In

Varieties selected for discussion
Superchola and Leona Negra
Superchola and Leona Negra
Bred and local potato varieties
Superchola and Leona Negra
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total, farmers listed between 8 and 18 potato varieties. Out P g
of these varieties, they selected the two most representative < g
varieties for further discussion (one bred and local variety; 2 &
Table 1). In total of the four meetings, farmers were divided %’ 3
into 15 small focus groups (hereafter FGs) each with A ’*2
approximately 7 men or 7 women per group; within groups, E g =
gender was not mixed to make participants feel comfort- 4 = E
.. 2 =
able. A facilitator (of the same gender as the group mem- g b 3
bers) guided in Spanish each FG during the discussion about = § Exe 0 §
their seed systems and seed degeneration. During the dis- = °
cussion, we asked farmers: (1) do your seeds degenerate or f’gb 2 £
do you observe your seed ‘to become tired’? and (2) which é 2 £

. . . . -

of the selected varieties - or variety type in the case of the o 2 _§
first meeting - degenerate faster? A representative of each S g %
FG reported the group’s main points in a plenary session. g R E
Afterwards, facilitators met to share the insights obtained in g A §
each FG. The results of these meetings contributed to design E:‘j < %
the questionnaire of a survey. - g £ ZEZ 2
=4 s 2 .2 35
3 E fEEE¢E
= S S288°
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Surveys to understand how farmers experience seed
degeneration and replace seed (“Surveys”): The meth-
odology and the main results of this survey were already
reported by Navarrete et al. (2022). Briefly, we surveyed
260 households in the province of Cotopaxi. We selected
the place to perform the surveys by overlapping the altitude
map of the province of Cotopaxi with a map containing 260
grid squares. We surveyed one household approximately at
the centre of each grid square. In each household, we asked
farmers: (1) do you experience or have you experienced seed
degeneration or that your seed ‘is becoming tired’?; (2) how
do you experience seed degeneration or seed ‘being tired’?
In addition, we asked if they performed any of the following
seed replacement practices: using racion (i.e., in-kind pay-
ment in the form of potatoes received when assisting other
farmers during the harvest) as a seed source, using potatoes
received as gifts as seed source, seed exchange, and pur-
chasing seed. There is the possibility that we ignored other
seed replacement practices not mentioned during the FGs.

Telephone interviews and “purple top surveys” to under-
stand farmers’ practices when seed gets degenerated. We
performed two studies to identify practices when farmers
experience that their potato seed is degenerated. In the first
study, we interviewed 52 farmers from September to Octo-
ber 2020. Due to COVID-19 restrictions, we only inter-
viewed farmers that were able to talk by phone, all being
farmers that were part of the Technical University of Coto-
paxi’s network. Farmers were interviewed for approximately
10 min. During this interview, we asked farmers in Spanish:
(1) do you live in the intervalley or in the highlands?; (2)
have you experienced that the seed is degenerated or seed
‘is becoming tired’?; and (3) what practices do you imple-
ment when noticing seed degeneration/seed is tired? In the
second study (“purple top surveys”), we focused our atten-
tion on the purple top disease and two practices that farmers
could implement to respond to this problem: crop replace-
ment and increase in insecticide sprayings. For this, we sur-
veyed (face-to-face) 22 farmers in November 2019 after the
outbreak of purple top disease in the province of Cotopaxi.
These farmers were selected because: (1) they represented
smallholder farmers from the potato production cantons
of the province, (2) they were interested in training about
purple top, and (3) they were actively participating in seed
projects led by the University of Cotopaxi and the Ministry
of Agriculture and Livestock. We asked farmers: did you
observe purple top disease in your fields?; what were your
crops during and after the outbreak of purple top disease?;
and how many insecticide sprayings did you apply to your
potato crops during and after the outbreak?

Data Analysis

To Understand how Farmers Experience Seed Degeneration
(FGs and Surveys) We analysed the data from the FGs in
different steps. In the first step, we transcribed the informa-
tion of each FG into an Excel file. Then, we summarized and
compiled the main insights of each meeting. We classified
the summaries by the type of varieties discussed in the same
Excel file to have a complete raw dataset. Next, we uploaded
this Excel file in NVIVO (version 1.3; QSR International)
and labeled the description of seed degeneration provided
by the farmers. These labels were grouped according to their
topics and named “indicators of seed degeneration”. These
indicators were identified in the survey’s description of seed
degeneration. We counted the number of farmers mention-
ing each of the indicators of seed degeneration.

To understand practices implemented when the seed is
degenerated (telephone interviews and purple top surveys):
The data of telephone interviews was uploaded into NVIVO
(version 1.3; QSR International). Then, we labeled the prac-
tices that farmers performed when their seed was degener-
ated. We grouped together similar topics and identified these
groups as: practices adopted by farmers when experienc-
ing seed degeneration. Then, we calculated the frequency
of these practices. The data of the purple top surveys was
labeled to understand if farmers changed their practices
(crop replacement and variation in insecticides sprayings)
after the outbreak of the purple top disease. Using R (ver-
sion 4.0.2), we analysed these data using cross tabulation
between farmers who experienced or did not experience
their fields infected by purple top. We performed a Pear-
son’s Chi-Square to evaluate if these changes in practices
were associated with farmers’ experiences. For the variation
in number of insecticide sprayings, we performed the Pear-
son’s Chi-Square only on the farmers who continued plant-
ing potato after the purple top outbreak. We also reported
the number of farmers who did not remember the number of
insecticide sprayings during and after the outbreak.

To understand the influence of farmers ’experience on seed
degeneration and income on the seed replacement practices
(Surveys).: Before performing this analysis, we downloaded
the income data (in US dollars; USD) from the Ecuadorian
employment status survey (in Spanish ENEMDU) (Instituto
Nacional de Estadistica y Censos 2019). We downloaded
the data from December of 2019 because December is a
representative month for the period in which farmers were
surveyed and data of 2018 was not available. Using QGIS
(version 3.14), we averaged income information per par-
ish and extracted the data using the geographic positions
of each survey. In the case that parish information was not
available, we estimated the income based on their loca-
tion assuming that closer parishes would have a similar
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Table 2 Numbers and percentages of farmers experiencing and not experiencing seed degeneration, their descriptions, and indicators used to

experience this problem in surveys and telephone interviews

n (%)
Surveys
Total number of surveys in 2018 258 100
Farmers not experiencing seed degeneration reported in surveys 122 473
Farmers experiencing seed degeneration reported in surveys 136 52.7
Description of seed degeneration’:
Seed problem 127 93.4
Soil problem 8 59
Drought problem 1 0.7
Indicators of seed degeneration’:
Low yield 84.3
Change in seed physical appearance 18.1
Crop weakening 9.5
Seed physiological problems 1.5
Telephone interviews
Total number of telephone interviews 52 100
Farmers not experiencing seed degeneration in telephone interviews 5 10
Farmers experiencing seed degeneration in telephone interviews 47 90
Practices™:
Seed replacement 74
Technical advice 13
Application of extra agricultural inputs 11
Crop replacement 2

!The percentage is estimated from the number of farmers experiencing seed degeneration in the surveys.
The percentage is estimated from the number of farmers that described seed degeneration as a seed problem in the surveys.
3The percentage of farmers implementing practices to manage seed degeneration is estimated from the number of farmers experiencing seed

degeneration in the telephone interviews.

income. Then, we performed a logistic regression in R (ver-
sion 4.0.2) to understand if there is any adjustment on the
seed replacement practices due to farmers’ experience on
seed degeneration and income (Eq. 1). The following four
seed replacement practices were analyzed: selecting seed
from racién (Srm,), selecting seed from gifts (Srm,), seed
exchange (Srm,), and seed purchase (Srm,).

STy gep ~ Farmers experiencingseeddegeneration; + Estimatedincomey + € (1)

Equation 1. Logistic regression to understand adjustments
of seed replacement practices according to farmers’ experi-
ence on seed degeneration and income

Results

Farmers’ Observations About Potato Seed
Degeneration

The results of our survey showed that 52.7% of farmers had
experienced seed degeneration (Table 2). The majority of
these farmers (93.4%) described seed degeneration as a seed
problem (Table 2). There were few other farmers claiming
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to experience seed degeneration, but their descriptions were
related with the soil getting tired (5.9%) or the effect of
drought (0.7%; Table 2). Farmers reported that they experi-
enced seed degeneration through: (1) low yield, (2) change
in the physical appearance of the seed, (3) crop weaken-
ing (i.e., the crop becomes more susceptible to diseases and
requires more agricultural inputs), and (4) seed physiologi-
cal problems (e.g., the seed is old at the moment of planting)
(Table 2). From all the indicators, the one most frequently
mentioned was low yield, and it was mentioned by 84.3% of
farmers (Table 2). The second most frequent indicator was
the change in seed physical appearance (18.1%) (Table 2).
The other two remaining indicators were mentioned by less
than 10% of the farmers (Table 2).

The analysis of our 15 FGs showed contrasting obser-
vations (Table 1). Seven out of the 15 FGs mentioned that
farmers had experienced degeneration of the seed (Table 1),
which they referred to as their seed “was tired”. Farmers
associated this problem with yield losses and changes in
physical appearance (e.g., change in skin colour) of the
seeds. In five out of these seven FGs, farmers reported
that improved and native varieties degenerated at similar
rates, whereas for the other two FGs, farmers reported that
improved varieties were more resistant than native varieties
or did not degenerate at all. On the other hand, in seven out



American Journal of Potato Research (2023) 100:39-51

45

Table 3 Practices implemented and options of management when

farmers experienced purple top disease in their fields in comparison

with farmers who did not experience purple top (n=22 farmers)
Farmers experienc-
ing that their fields

were:
Practice Options of Affected Not
management by affected
purple by
top purple
top
Crop replacement
No crop replacement 3 10
Crop replacement 7 2
P 0.04
Number of insecticide
sprayings of farmers
who continued plant-
ing potatoes after the
outbreak of purple top
No change in the 0 7
number of insecti-
cide sprayings
Increase in the num- 3 1
ber of insecticide
sprayings
Information not 2
available
P 0.05

of the 15 FGs (Table 1), farmers mentioned that the seed did
not degenerate. Instead, they mentioned that the “soil got
tired” (i.e., local term to describe that the soil becomes a
yield-limiting factor) because potato was planted more than
once in the same field (farmer description). There was only
one FG out of the 15 FGs which mentioned that neither the
seed nor the soil degenerated (Table 1).

Practices when Farmers Experience Their Seed is
Degenerated

In our telephone interviews, we found farmers who had
not experienced that their seed was degenerated (10%) and
farmers who had experienced this problem (90%). We iden-
tified that farmers who had not experienced that their seed
was degenerated discriminated between high-quality and
poor-quality seed. From the farmers who had experienced
that their seed was degenerated, we found that they had four
practices in response to this problem: (1) seed replacement,
(2) seeking technical advice, (3) applying extra agricultural
inputs, and (4) crop replacement (Table 2). Seed replace-
ment was the most frequent practice when farmers expe-
rienced that their seed was degenerated (74%). A farmer
described during the interview that he had sold his entire
lot of degenerated seed in the market -and then bought new
seed- or used the degenerated seed as animal feed. Seed

replacement was followed by seeking for technical advice
(13%) (Table 2). Application of agricultural inputs was the
third most mentioned practice (Table 2). For farmers, this
usually included pesticide sprayings and fertilizer appli-
cations. Crop replacement was the least common practice
when farmers experienced that their seed was degenerated
(Table 2).

When focusing on purple top, we found that 10 farmers
experienced that their fields were infected with purple top
and 12 who did not experience this problem. Most farm-
ers that experienced that their fields were infected with this
disease either replaced their crops or increased the number
of insecticide sprayings (part of the application of agricul-
tural inputs) (Table 3). We found that 7 out of the 10 farm-
ers that experienced that their fields were infected with this
disease replaced their crops, but there were a few farmers
that did not implement this practice despite experiencing
the disease (3 out of the 10 farmers; P<0.05) (Table 3).
The majority of farmers who did not experience that their
fields were infected (10 out of the 12 farmers) continued
planting potato in the following season after the outbreak.
From the farmers who continued planting potatoes (n=13
farmers), we found that all increased the use of insecticides
after being affected by purple top (Table 3). When farm-
ers’ fields were not affected by purple top, most farmers (7
out of the 10 farmers not affected by this problem) did not
intensify insecticide spraying. Only one farmer did it after
the outbreak (Table 3). We found an association between
the increase in number of insecticide sprayings and farmers
experiencing that their fields were infected with purple top
(P=0.05) (Table 3). We did not register a decrease in the
frequency of insecticide sprayings.

The Effect of Experiencing Seed Degeneration and
Farmers’ Income on Seed Replacement Practices

In the FGs we identified four seed replacement practices:
using racion as a seed source, using potatoes received as
gifts as a seed source, seed exchange, and seed purchase
(Table 1). In the surveys, we found the same seed replace-
ment practices. Our surveys’ results showed that from the
farmers who received racion (n=130) and gifts (n=213),
we found that 60.8% and 47.4% of them selected seed from
these sources, respectively. Moreover, our analysis showed
that farmers’ experience on seed degeneration did not influ-
ence the probability of farmers using racion as a seed source
(P>0.05) (Fig. 2a). The estimated farmers’ income did not
play a role either (P>0.05) (Fig. 2a). Similarly, the farm-
ers’ experience on seed degeneration and income did not
have an influence on the probability of farmers using pota-
toes received as gifts as a source of seed (P>0.05) (Fig. 2b).
Moreover, we found that 15.1% of farmers exchanged seed
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Fig. 2 Influence of farmers’ experience on seed degeneration and
estimated farmers’ income (USD) on seed replacement practices. (a)
Predicted probability of farmers using seed from racion. (b) Predicted

in the province of Cotopaxi. We found that farmers’ experi-
ence on seed degeneration probably affected the decision to
exchange seed (P =0.06). Our model estimated that farmers
that experienced seed degeneration in general were more
likely to exchange seed than farmers with no experience of
seed degeneration (Fig. 2¢). Farmers’ income was also an
insignificant factor determining seed exchange (P>0.05).
Overall, in the province of Cotopaxi, 36.0% of the farmers
purchased seed when they needed it. Our analysis showed
that seed purchase was not affected by the farmers’ expe-
rience on seed degeneration (P=0.7) (Fig. 2d). However,
it was affected by the farmers’ income (Fig. 2d). Farmers
with more than 230 USD of income were significantly
more likely to purchase seed (P=0.05) than farmers whose
income was lower than 230 USD (Fig. 2d).
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probability of farmers using seed from potatoes received as gifts. (c)
Predicted probability of farmers exchanging seed. (d) Predicted prob-
ability of farmers purchasing seed

Discussion

Understanding how farmers experience seed degeneration
and implement practices to manage it is critical to improve
the adoption of improved technologies. We showed that
farmers experienced degeneration not only in the seed but
also in the soil. Yet, approximately half of the farmers had
not experienced this problem at all. Farmers experienced
degeneration when the seed did not produce an adequate
yield, when the seed tubers changed in physical appearance,
when their potato crops weakened, and when the seed had
physiological problems. When their seed was degenerated,
farmers replaced their seed, sought for technical advice,
applied more fertilizers or pesticides, or replaced the crop.
For example, it was evident that farmers planted other crops
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and increased the number of insecticide sprayings after their
potato fields were infected by purple top (as hypothesized
already by scientists). We showed that the estimated farm-
ers’ income influenced the way how farmers replaced their
seed, but we did not find the same for the farmers’ experi-
ence on seed degeneration. Scientists and practitioners, in
collaboration with farmers, should consider these results to
co-design and improve, or adapt seed management prac-
tices. The implications of our findings are discussed in the
following paragraphs.

Experiencing Seed Degeneration

Our results showed that 52.7% of farmers had experienced
seed degeneration in the province of Cotopaxi (Table 2).
They experienced this problem through low yields, change
in the physical appearance of the seed, crop weakening, and
seed physiological issues (Table 2). These indicators sup-
port the descriptions of Thiele (1999) and Urrea-Hernandez
et al. (2016), who found that the reduction in productivity
and increase in deformed tubers were features that farmers
associated with degenerated seed in the Andes. Even though
low yields were the most frequent indicator for seed degen-
eration (Table 2), it is unclear what farmers meant by low
yield. Did they mean that the yield obtained in that specific
cycle of on-farm propagation was lower than their expecta-
tions? Or were farmers experiencing the progressive decline
in yield over the successive cycles of on-farm propagation?
Further studies to answer these questions could provide
important insights about when farmers are motivated to
replace their seed.

On the other hand, we identified that farmers expe-
rienced degeneration in the soil (Table 2). Farmers in
Peru also described similar observations and referred to
it as well as the soil got tired (Orrego and Andrade 2016;
Urrea-Hernandez et al. 2016). This expression, according
to farmers participating in the FGs, alluded to the succes-
sive planting of potatoes in the same field. Theoretically,
under this scenario, there could be an accumulation of soil-
borne pathogens such as bacteria, insects, fungi or nema-
todes. The potato cyst nematodes (Globodera pallida and
G. rostochiensis) and Rhizoctonia (Rhizoctonia solani) are
examples of pathogens that increase in density every season
when potato is continuously planted in the same field (Gil-
ligan et al. 1996; Contina et al. 2020). In the case of Rhi-
zoctonia, higher inoculum densities translate into a larger
incidence of degenerated tubers with black scurf (Tsror and
Peretz-Alon 2005; Atkinson et al. 2010). Similarly, the cul-
tivation of potato in the same field could contribute to the
increase of pests such as the Andean weevil as observed
by Rios and Kroschel (2011). This evidence suggests that
farmers’ capacity building about seed degeneration should

include not only the description and management of seed-
borne problems (e.g., viruses), but also the ones in the soil
that usually could be spread by the seed.

We found that approximately half of the farmers did
not experience seed degeneration (Table 2). This could be
explained because farmers cannot observe the symptoms
of diseases and pests causing seed degeneration (Nelson et
al. 2001) or because some pests and diseases are asymp-
tomatic and their effect in yield is low. For example, PVS
is widely spread in the Andes, but this virus causes mild
or no symptoms and does not have a significant effect on
yield (Santillan et al. 2018). This lack of evident symptoms
of diseases and pests causing degeneration could challenge
farmers’ observation capacity and might indicate the need
to strengthen their capacities on visual diagnostic of pests
and diseases that cause seed degeneration (Tafesse et al.
2018; Onditi et al. 2020). Another explanation for the high
percentage of farmers not experiencing seed degeneration
(not referring to degeneration caused by purple top disease)
could be related to the lack of association between variation
in yield and level of seed degeneration in farmers’ seed lots
(Navarrete et al. 2022). In other words, it might be more
difficult for farmers to experience seed degeneration when
yield reductions are poorly associated with this problem
than when yield reductions are associated with seed degen-
eration as in the case of the purple top disease (Liefting et al.
2009; Castillo et al. 2018).

Practices to Manage Seed Degeneration

When farmers experienced that their seed was degenerated,
we found that farmers replaced their seed, sought techni-
cal advice, applied agricultural inputs (e.g., insecticides), or
replaced their potato crop with other crops. From all these
practices, we found that seed replacement was the most
common practice (Table 2). Our results suggest that farm-
ers did not use as planting material what they identified as
degenerated seed. In other words, our results contribute to
the hypothesis that farmers will continue using their seeds
as long as they obtain the yields that meet their expecta-
tions (Crissman et al. 1993; Zeven 1999). Under the Andean
context, seed replacement does not necessarily mean that
farmers will acquire certified seed; they could also procure
apparent good-quality seed from other sources like markets,
relatives or neighbours (Almekinders et al. 1994; Thiele
1999). Beyond seed replacement, we identified other prac-
tices that can be useful to reduce the rates of seed degen-
eration. For instance, the application of insecticides could
reduce seed degeneration rates caused by Potato Virus Y
(PVY), but only when this virus is transmitted by vectors
(Hegde et al. 2020). Crop replacement could help to drasti-
cally reduce seed degeneration since there is removal of the
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potato as an inoculum source (Scholthof 2007), and also it
could contribute to increase diversity in landscape composi-
tion which has an effect on the presence of viruses like PVY
(Claflin et al. 2017). Our evidence suggests that farmers are
willing to manage seed degeneration, and that they have a
portfolio of practices that can be implemented when their
seed is degenerated.

Our results also show the flexibility of farmers’ prac-
tices portfolio to manage the degenerated seed. We found
that seed replacement was the preferred practice when the
purple top disease was not the main cause of seed degenera-
tion (Table 3). However, we noticed that when purple top
was the cause of seed degeneration, farmers significantly
replaced potato with another crop and increased the number
of insecticides sprayings (Table 3). There are other practices
that farmers are implementing to escape purple top and its
potential vector, the potato psyllid, that we did not explore
in our studies: abandoning the potato fields infected with
this problem and planting in the paramos (fragile ecosystem
above the tree line) (Navarrete et al. 2021). In any case, our
results highlight that the repertoire of practices gives farm-
ers the flexibility to decide what, when and how to manage
seed degeneration under their social and ecological context.
Similar results were reported by Trutmann et al. (1993)
where farmers used this flexibility to increase the efficiency
of their practices depending on the agroecological condi-
tions. Yet, it is important to consider that current farmers’
practices might become less efficient in the future due to the
uncertain increase of pests and diseases associated with cli-
mate change and variability (Perez et al. 2010; Chakraborty
and Newton 2011).

Do Farmers’ Experience on Seed Degeneration and
Income Affect Seed Replacement Practices?

We found that there were no differences in using racion or
potatoes received as gifts as sources of seed when farmers
had or had not experienced seed degeneration (Fig. 2a and
b). Likewise, we found that seed exchange and purchase
were similar among farmers who had experienced seed
degeneration and those who had not (Fig. 2c and d). Pre-
vious research in the Andes of Ecuador supports our find-
ings indicating that farmers do not primarily replace their
seed because of seed degeneration (Crissman and Uquillas
1989). It seems logic that farmers do not replace their seed
because of degeneration since this problem is not the main
yield-limiting factor under farmers’ context in the Andes of
Ecuador (Navarrete et al. 2022). However, there is the pos-
sibility that the seed replacement practices do not change
because of the experience on seed degeneration, but the
source from whom or where farmers obtain the seed. Scien-
tific evidence supports this hypothesis by pointing out that
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seed quality is one of the criteria for farmers to select their
seed sources, regardless the crop (Monares 1988; Bishaw
et al. 2010). Yet, we have to acknowledge that these results
come from a regression analysis that indicates correlation
and not causality. Future research should focus on asking
directly whether farmers change their seed replacement
practices to avoid seed degeneration.

Our results showed that farmers’ income did not influ-
ence all seed replacement practices, except seed purchase.
We found a correlation between income and purchasing
seed: farmers with higher incomes were more likely to pur-
chase seed than farmers with lower incomes (Fig. 2d). This
could be explained by the fact that farmers need to make a
decision based on whether they will get a profit in return out
of this investment (Bentley et al. 2011). Similar results were
identified by Okello et al. (2016) where asset endowment
and level of food security were critical variables influenc-
ing the purchase of certified seed. Unfortunately, we were
not able to break down the effect of on- or off- farm income
on the probability of purchasing seed. This information is
critical for future seed interventions in the province of Coto-
paxi since the majority of the farmers have extremely low
incomes (as presented in Fig. 2) and most likely have other
priorities than purchasing seed. In the province of Cotopaxi,
off-farm income has been identified to play an important
role in the economy of smallholder farmers (Caulfield et al.
2019) and an important factor on the management of the
farm (Caulfield et al. 2021). On the other hand, our results
showed that farmers’ income did not influence the probabil-
ity of farmers using racion or potatoes received as a gift as
a source of seed and exchange (Fig. 2). As these practices
do not involve monetary transactions, our results confirm
that current seed replacement practices are strategies free
of cost to maintain seed degeneration at a tolerable level.
Overall, our results made evident that seed replacement
practices were influenced by farmers’ income rather than by
their experience on seed degeneration.

Conclusion

The results of our paper emphasize the importance of under-
standing farmers’ experience on seed degeneration and the
importance of identifying the available practices to respond
to this problem. In our study, we found that approximately
half of the farmers had not experienced seed degeneration
while the other half had experienced this problem not only
in the seed but also in the soil. Therefore, we consider that
future seed interventions should not only include practices
to manage seed-borne diseases and pests, but also practices
that reduce these problems in the soil. Although we identified
multiple farmers’ indicators to determine seed degeneration,
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we found that the low yield was the most popular indicator
among farmers. Yet, it remains unknown whether and when
low yield could become a motivation for seed replacement.
Our results also demonstrated that farmers have a flexible
portfolio of practices to manage the different causes of seed
degeneration according to their social and ecological condi-
tions. For example, we found that farmers affected by purple
top replaced their infected potato fields with another crop
and increased the number of insecticides spraying to man-
age this problem. Besides, our results showed that farmers’
income is the main factor to adjust the seed replacement
practices and not the experience on seed degeneration in the
Andes of Ecuador. We conclude that it is vital to understand
how farmers experience and respond to seed degeneration
and their main determinant factors (e.g., income) to identify
opportunities to respond when the seed is degenerated.

Acknowledgements This research was undertaken as part of the
CGIAR Research Program on Roots, Tubers and Bananas (RTB).
Funding support for this work was provided by the McKnight Founda-
tion under project 16-275. We thank Freddy Pita, Lorena Marcalla,
Clever Castillo, Guido Yauli, Norma Bricefio and Karla Chango for
their support in this research.

Declarations
Conflict of Interest The authors declare no conflict of interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Abdurahman, A., D. Griffin, J. Elphinstone, P. C. Struik, S. Schulz,
E. Schulte-Geldermann, and K. Sharma. 2017. Molecular char-
acterization of Ralstonia solanacearum strains from Ethiopia and
tracing potential source of bacterial wilt disease outbreak in seed
potatoes. Plant Pathology 66: 826—834. https://doi.org/10.1111/
ppa.12661.

Almekinders, C. J. M., S. Walsh, K. S. Jacobsen, J. L. Andrade-Piedra,
M. A. McEwan, S. de Haan, L. Kumar, and C. Staver. 2019. Why
interventions in the seed systems of roots, tubers and bananas
crops do not reach their full potential. Food Security 11: 23-42.
https://doi.org/10.1007/s12571-018-0874-4.

Andrade, H., O. Bastidas, and S. Sherwood. 2002. La papa en el Ecua-
dor. In El cultivo de la papa en el Ecuador, handling, ed. M.

Pumisacho, S. Sherwood, 21-28. Ecuador: Instituto Nacional de
Investigaciones Agropecuarias.

Atkinson, D., M. K. Thornton, and J. S. Miller. 2010. Development
of Rhizoctonia solani on stems, stolons and tubers of potatoes I.
Effect of inoculum source. American Journal of Potato Research
87:374-381. https://doi.org/10.1007/s12230-010-9143-6.

Bentley, J. W., E. R. Boa, P. Kelly, M. Harun-Ar-Rashid, A. K.
M. Rahman, F. Kabeere, and J. Herbas. 2009. Ethnopathol-
ogy: local knowledge of plant health problems in Bangladesh,
Uganda and Bolivia. Plant Pathology 58: 773-781. https://doi.
org/10.1111/5.1365-3059.2009.02040.x.

Bentley, J. W., P. van Mele, and J. David Reece. 2011. How seed
works. In African seed enterprises: sowing the seeds of Food
Security, 8-24. Wallingford, UK: CAB International.

Bishaw, Z., P. C. Struik, and A. J. G. van Gastel. 2010. Wheat seed sys-
tem in Ethiopia: farmers’ varietal perception, seed sources, and
seed management. Journal of New Seeds 11. Taylor & Francis:
281-327. https://doi.org/10.1080/1522886X.2010.518302.

Bryan, J. E. 1983. On farm seed improvement by the potato seed plot
technique. International Potato Center (CIP).

Cabrera, E., A. Molina, M. Sharman, L. Moreno, and F. Cuevas. 2016.
Analisis geografico de la pobreza y desigualdad por consumo en
Ecuador - Mas alla del nivel provincial. In Reporte de pobreza
por consumo Ecuador 2006-2014, 146—171. Ecuador: Instituto
Nacional de Estadisticas y Censos.

Caicedo, J., M. Crizén, A. Pozo, A. Cevallos, L. Simbafia, L. Rivera,
and V. Arahana. 2015. First report of ‘Candidatus Phytoplasma
aurantifolia’ (16Srll) associated with potato purple top in San
Gabriel-Carchi, Ecuador. New Disease Reports 32: 20. https://
doi.org/10.5197/j.2044-0588.2015.032.020.

Caicedo, J., L. L. Simbafia, D. A. Calderén, K. P. Lalangui, and L.
I. Rivera-Vargas. 2020. First report of ‘Candidatus Liberib-
acter solanacearum’ in Ecuador and in South America. Aus-
tralasian Plant Disease Notes 15: 6. https://doi.org/10.1007/
s13314-020-0375-0.

Castillo, C. 2020. Situacion y perspectivas de punta morada de la
papay Bactericera cockerelli en Ecuador. In Taller internacional
sobre prevencion de la diseminacion de las principales plagas
y enfermedades de la papa en la region andina: Punta morada,
psilido de la papa y manchado interno de la papa, handling, ed.
W. Pérez, H. Gamarra, E. Arango, W. Cruz, J.F. Kreuze, and J.L.
Andrade-Piedra, 17-18. Peru: CGIAR Research Program on
Roots, Tubers and Bananas (RTB).

Castillo, C., Z. Fu, and D. Burckhardt. 2019. First record of the tomato
potato psyllid Bactericera cockerelli from South America. Bul-
letin of Insectology 72: 85-91.

Castillo, C., S. Paltrinieri, J. Buitron-Bustamante, and A. Bertaccini.
2018. Detection and molecular characterization of a 16SrI-F phy-
toplasma in potato showing purple top disease in Ecuador. Aus-
tralasian Plant Pathology 47: 311-315. https://doi.org/10.1007/
s13313-018-0557-9.

Caulfield, M. E., J. Bouniol, S. J. Fonte, and A. Kessler. 2019. How
rural out-migrations drive changes to farm and land management:
a case study from the rural Andes. Land Use Policy 81: 594-603.
https://doi.org/10.1016/j.1andusepol.2018.11.030.

Caulfield, M. E., J. Hammond, S. J. Fonte, M. Florido, W. Fuentes, 1.
Navarrete, K. Meza, S. J. Vanek, and M. van Wijk. 2021. Unpick-
ing the inter-relationships between off-farm livelihood diversifi-
cation, household characteristics, and farm management in the
rural Andes. Frontiers in sustainable food systems 5. https://doi.
org/10.3389/fsufs.2021.724492.

Chakraborty, S., and A. C. Newton. 2011. Climate change, plant dis-
eases and food security: an overview. Plant Pathology 60: 2—14.
https://doi.org/10.1111/.1365-3059.2010.02411 .x.

Claflin, S. B., L. E. Jones, J. S. Thaler, and A. G. Power. 2017. Crop-
dominated landscapes have higher vector-borne plant virus

@ Springer


http://dx.doi.org/10.1007/s12230-010-9143-6
http://dx.doi.org/10.1111/j.1365-3059.2009.02040.x
http://dx.doi.org/10.1111/j.1365-3059.2009.02040.x
http://dx.doi.org/10.1080/1522886X.2010.518302
http://dx.doi.org/10.5197/j.2044-0588.2015.032.020
http://dx.doi.org/10.5197/j.2044-0588.2015.032.020
http://dx.doi.org/10.1007/s13314-020-0375-0
http://dx.doi.org/10.1007/s13314-020-0375-0
http://dx.doi.org/10.1007/s13313-018-0557-9
http://dx.doi.org/10.1007/s13313-018-0557-9
http://dx.doi.org/10.1016/j.landusepol.2018.11.030
http://dx.doi.org/10.3389/fsufs.2021.724492
http://dx.doi.org/10.3389/fsufs.2021.724492
http://dx.doi.org/10.1111/j.1365-3059.2010.02411.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1111/ppa.12661
http://dx.doi.org/10.1111/ppa.12661
http://dx.doi.org/10.1007/s12571-018-0874-4

50

American Journal of Potato Research (2023) 100:39-51

prevalence. Journal of Applied Ecology 54: 1190-1198. https://
doi.org/10.1111/1365-2664.12831.

Contina, J. B., L. M. Dandurand, and G. R. Knudsen. 2020. A spatio-
temporal analysis and dispersal patterns of the potato cyst nema-
tode Globodera pallida in 1daho. Phytopathology 110: 379-392.
https://doi.org/10.1094/PHYTO-04-19-0113-R.

Crissman, C. C., and J. E. Uquillas. 1989. Seed potato systems in Ecua-
dor: a case study. Peru: International Potato Center (CIP).

Crissman, C., L. M. Crissman, and C. Carli. 1993. Seed potato systems
in Kenya: a case study. Peru: International Potato Center (CIP).

Cuesta, X., D. Pefaherrera, J. Velasquez, C. Castillo, and M. Racines.
2021. Guia de manejo de la punta morada de la papa. Segunda
Edicion. Manual Técnico No. 104. Ecuador: Instituto Nacional
Auténomo de Investigaciones Agropecuarias (INIAP).

Duong, T. T., T. Brewer, J. Luck, and K. Zander. 2019. A global
review of farmers’ perceptions of agricultural risks and risk man-
agement strategies. Agriculture 9: 10. https://doi.org/10.3390/
agriculture9010010.

Eriksson, D., M. Akoroda, G. Azmach, M. Labuschagne, N. Mahungu,
and R. Ortiz. 2018. Measuring the impact of plant breeding on
sub-saharan african staple crops. Outlook on Agriculture 47: 163—
180. https://doi.org/10.1177/0030727018800723.

Fankhauser, C. 2000. Seed-transmitted diseases as constraints for
potato production in the tropical highlands of Ecuador. Diss.,
Eidgendssische Technische Hochschule ETH Ziirich, Nr. 13770,
2000.

Gildemacher, P. R., P. Demo, 1. Barker, W. Kaguongo, G. Woldegior-
gis, W. W. Wagoire, M. Wakahiu, C. Leeuwis, and P. C. Struik.
2009. A description of seed potato systems in Kenya, Uganda and
Ethiopia. American Journal of Potato Research 86: 373-382.
https://doi.org/10.1007/s12230-009-9092-0.

Gilligan, C. A., S. A. Simons, and G. A. Hide. 1996. Inoculum density
and spatial pattern of Rhizoctonia solani in field plots of Solanum
tuberosum: effects of cropping frequency. Plant Pathology 45:
232-244. https://doi.org/10.1046/j.1365-3059.1996.d01-129 x.

Hegde, K., C. M. Kalleshwaraswamy, and V. Venkataravanappa. 2020.
Role of virus infection in seed tubers, secondary spread and
insecticidal spray on the yield of potato in Deccan Plateau, India.
Potato Research. https://doi.org/10.1007/s11540-020-09480-y.

Instituto Nacional de Estadistica y Censos. 2019. Encuesta de empleo,
desempleo, y subempleo (ENEMDU). https://www.ecuadorenci-
fras.gob.ec/pobreza-por-ingresos-resultados-2019/. Accessed 13
July 2021.

Islam, A. H. M. S., P. Schreinemachers, and S. Kumar. 2020. Farm-
ers’ knowledge, perceptions and management of chili pepper
anthracnose disease in Bangladesh. Crop Protection 133: 105139.
https://doi.org/10.1016/j.cropro.2020.

Kinyua, Z. M., E. Schulte-Geldermann, P. Namugga, B. Ochieng-
Obura, S. Tindimubona, A. Bararyenya, I. N. Kashaija, I. Rwo-
mushana, and F. Opio. 2015. Adaptation and improvement of the
seed-plot technique in smallholder potato production. In Potato
and sweetpotato in Africa: transforming the value chains for food
and nutrition security, handling, ed. J. Low, M. Nyongesa, S.
Quinn, and M. Parker, 218-225. Wallingford: CABI. https://doi.
org/10.1079/9781780644202.0218.

Liebig, T., L. Jassogne, E. Rahn, P. Laderach, H. Poehling, P. Kucel,
P. van Asten, and J. Avelino. 2016. Towards a collaborative
research: a case study on linking science to farmers’ perceptions
and knowledge on arabica coffee pests and diseases and its man-
agement. PLOS ONE 11. Public Library of Science ¢0159392.
https://doi.org/10.1371/journal.pone.0159392.

Liefting, L. W., P. W. Sutherland, L. I. Ward, K. L. Paice, B. S. Weir,
and G. R. G. Clover. 2009. A new ‘Candidatus Liberibacter’ spe-
cies associated with diseases of solanaceous crops. Plant Disease
93:208-214. https://doi.org/10.1094/PDIS-93-3-0208.

@ Springer

McEwan, M. A., C. J. M. Almekinders, J. L. Andrade-Piedra, E.
Delaquis, K. A. Garrett, L. Kumar, S. Mayanja, B. A. Omondji, S.
Rajendran, and G. Thiele. 2021. Breaking through the 40% adop-
tion ceiling: mind the seed system gaps.” A perspective on seed
systems research for development in one CGIAR. Outlook on Agri-
culture 50: 5—12. https://doi.org/10.1177/0030727021989346. « :

McGuire, S. J., and L. Sperling. 2008. Leveraging farmers’ strate-
gies for coping with stress: seed aid in Ethiopia. Global Envi-
ronmental Change 18: 679-688. https://doi.org/10.1016/].
gloenvcha.2008.07.002.

Ministerio de Agricultura y Ganaderia. 2019. Informe de rendimien-
tos objetivos papa 2019. http://sipa.agricultura.gob.ec/index.
php/informe-de-rendimientos-objetivos/rendimiento-de-papa.
Accessed 31 July 2021.

Ministerio de Agricultura y Ganaderia. 2020. Informe de rendimien-
tos de papa 2020. http://sipa.agricultura.gob.ec/descargas/estu-
dios/rendimientos/papa/resultados_rendimiento_papa_ 2020.pdf.
Accessed 31 July 2021.

Monares, A. 1988. La papa en Chile: tubérculos-semillas de categoria
certificada. estudio agroeconomico. Peru: International Potato
Center.

Navarrete, 1., C. J. M. Almekinders, X. Yue, K. Quimbiulco, N. Pan-
chi, J. L. Andrade-Piedra, and P. C. Struik. 2021. Potato purple
top: how to manage this “disease” in Ecuador? LEISA Revista
de agroecologia 37 (1): 31-34. https://leisa-al.org/web/images/
stories/revistapdf/vol37nle.pdf.

Navarrete, 1., V. Lopez, R. Borja, P. Oyarzin, K. A. Garrett, C.
J. M. Almekinders, Y. Xing, P. C. Struik, and J. L. Andrade.
2022. Variety and on-farm seed management practices affect
potato seed degeneration in the tropical highlands of Ecuador.
Agricultural Systems 198: 103387. https://doi.org/10.1016/].
agsy.2022.103387.

Nelson, R., R. Orrego, O. Ortiz, J. Tenorio, C. Mundt, M. Fredrix,
and N. V. Vien. 2001. Working with resource-poor farmers to
manage plant diseases. Plant Disease 85: 684—695. https://doi.
org/10.1094/PDIS.2001.85.7.684.

Nigussie, Z., A. Tsunekawa, N. Haregeweyn, E. Adgo, M. Nohmi, M.
Tsubo, D. Aklog, D. T. Meshesha, and S. Abele. 2017. Factors
influencing small-scale farmers’ adoption of sustainable land man-
agement technologies in north-western Ethiopia. Land Use Policy
67: 57-64. https://doi.org/10.1016/j.landusepol.2017.05.024.

Ojiem, J. O., N. de Ridder, B. Vanlauwe, and K. E. Giller. 2006. Socio-
ecological niche: a conceptual framework for integration of
legumes in smallholder farming systems. International Journal
of Agricultural Sustainability 4: 79-93. https://doi.org/10.1080/1
4735903.2006.9686011.

Okello, J. J., Y. Zhou, N. Kwikiriza, S. Ochieng - Ogutu, 1. Barker, E.
Schulte-Geldermann, E. Atieno, and J. T. Ahmed. 2016. Deter-
minants of the use of certified seed potato among smallholder
farmers: the case of potato growers in central and eastern Kenya.
Agriculture 6: 55. https://doi.org/10.3390/agriculture6040055.

Onditi, J., N. Ng’anga, M. Nyongesa, and R. van der Vlugt. 2020.
Farmer knowledge in potato virus epidemiology and control in
Kenya. Potato Research: 25.

Orrego, R., and J. L. Andrade. 2016. Aeroponic seed and native pota-
toes in Peru. In Case Studies of Roots, Tubers and Banana Seed
Systems, handling, ed. J. L. Andrade-Piedra, J. Bentley, C. J. M.
Almekinders, K. Jacobsen, S. Walsh, and G. Thiele, 33—41. Peru:
RTB Working Paper No. 2016-3: CGIAR Research Program on
Roots, Tubers and Bananas (RTB). https://doi.org/10.4160/2309
6586RTBWP20163.

Oxford university press. 2021. Experience. https://www.
oxfordlearnersdictionaries.com/us/definition/english/
experience 1?q=experience. Accessed 13 July 2021.


http://dx.doi.org/10.1177/0030727021989346
http://dx.doi.org/10.1016/j.gloenvcha.2008.07.002
http://dx.doi.org/10.1016/j.gloenvcha.2008.07.002
http://sipa.agricultura.gob.ec/index.php/informe-de-rendimientos-objetivos/rendimiento-de-papa
http://sipa.agricultura.gob.ec/index.php/informe-de-rendimientos-objetivos/rendimiento-de-papa
http://sipa.agricultura.gob.ec/descargas/estudios/rendimientos/papa/resultados_rendimiento_papa_2020.pdf
http://sipa.agricultura.gob.ec/descargas/estudios/rendimientos/papa/resultados_rendimiento_papa_2020.pdf
https://leisa-al.org/web/images/stories/revistapdf/vol37n1e.pdf
https://leisa-al.org/web/images/stories/revistapdf/vol37n1e.pdf
http://dx.doi.org/10.1016/j.agsy.2022.103387
http://dx.doi.org/10.1016/j.agsy.2022.103387
http://dx.doi.org/10.1094/PDIS.2001.85.7.684
http://dx.doi.org/10.1094/PDIS.2001.85.7.684
http://dx.doi.org/10.1016/j.landusepol.2017.05.024
http://dx.doi.org/10.1080/14735903.2006.9686011
http://dx.doi.org/10.1080/14735903.2006.9686011
http://dx.doi.org/10.3390/agriculture6040055
http://dx.doi.org/10.4160/23096586RTBWP20163
http://dx.doi.org/10.4160/23096586RTBWP20163
https://www.oxfordlearnersdictionaries.com/us/definition/english/experience_1?q=experience
https://www.oxfordlearnersdictionaries.com/us/definition/english/experience_1?q=experience
https://www.oxfordlearnersdictionaries.com/us/definition/english/experience_1?q=experience
http://dx.doi.org/10.1111/1365-2664.12831
http://dx.doi.org/10.1111/1365-2664.12831
http://dx.doi.org/10.1094/PHYTO-04-19-0113-R
http://dx.doi.org/10.3390/agriculture9010010
http://dx.doi.org/10.3390/agriculture9010010
http://dx.doi.org/10.1177/0030727018800723
http://dx.doi.org/10.1007/s12230-009-9092-0
http://dx.doi.org/10.1046/j.1365-3059.1996.d01-129.x
http://dx.doi.org/10.1007/s11540-020-09480-y
https://www.ecuadorencifras.gob.ec/pobreza-por-ingresos-resultados-2019/
https://www.ecuadorencifras.gob.ec/pobreza-por-ingresos-resultados-2019/
http://dx.doi.org/10.1016/j.cropro.2020
http://dx.doi.org/10.1079/9781780644202.0218
http://dx.doi.org/10.1079/9781780644202.0218
http://dx.doi.org/10.1371/journal.pone.0159392
http://dx.doi.org/10.1094/PDIS-93-3-0208

American Journal of Potato Research (2023) 100:39-51

51

Perez, C., C. Nicklin, O. Dangles, S. Vanek, S. Sherwood, S. Hal-
loy, K. A. Garrett, and G. Forbes. 2010. Climate change in the
high andes: implications and adaptation strategies for small-scale
farmers. The International Journal of Environmental Cultural
Economic and Social Sustainability: Annual Review 6: 71-88.
https://doi.org/10.18848/1832-2077/CGP/v06i05/54835.

Priegnitz, U., W. J. M. Lommen, S. Onakuse, and P. C. Struik. 2019. A
farm typology for adoption of innovations in potato production in
southwestern Uganda. Frontiers in Sustainable Food Systems 3.
https://doi.org/10.3389/fsufs.2019.00068.

Priegnitz, U., W. J. M. Lommen, R. van der Vlugt, and P. C. Struik.
2020. Potato yield and yield components as affected by positive
selection during several generations of seed multiplication in
Southwestern Uganda. Potato Research 63: 507-543. https://doi.
org/10.1007/s11540-020-09455-z.

Rios, A. A., and J. Kroschel. 2011. Evaluation and implications of
Andean potato weevil infestation sources for its management in
the Andean region. Journal of Applied Entomology 135: 738-748.
https://doi.org/10.1111/1.1439-0418.2011.01631 .x.

Santillan, F. W., C. E. Fribourg, I. P. Adams, A. J. Gibbs, N. Boon-
ham, M. A. Kehoe, S. Maina, and R. A. C. Jones. 2018. The biol-
ogy and phylogenetics of potato virus S isolates from the andean
region of South America. Plant Disease 102: 869-885. https://
doi.org/10.1094/PDIS-09-17-1414-RE.

Scholthof, K. G. 2007. The disease triangle: pathogens, the environ-
ment and society. Nature Reviews Microbiology 5: 152-156.
https://doi.org/10.1038/nrmicro1596.

Schreinemachers, P., S. Balasubramaniam, N. M. Boopathi, C. V. Ha,
L. Kenyon, S. Praneetvatakul, A. Sirijinda, N. T. Le, R. Srini-
vasan, and M. H. Wu. 2015. Farmers’ perceptions and man-
agement of plant viruses in vegetables and legumes in tropical
and subtropical Asia. Crop Protection 75: 115-123. https://doi.
org/10.1016/j.cropro.2015.05.012.

Sistema de Informacion Publica Agropecuaria. 2020. Cifras Agropro-
ductivas. http://sipa.agricultura.gob.ec/index.php/cifras-agropro-
ductivas. Accessed 25 August 2020.

Struik, P. C., and S. G. Wiersema. 1999. Seed potato technol-
ogy. Wageningen, The Netherlands: Wageningen Academic
Publishers.

Tadesse, Y., C. J. M. Almekinders, R. P. O. Schulte, and P. C. Struik.
2017a. Understanding farmers’ potato production practices and
use of improved varieties in Chencha, Ethiopia. Journal of Crop
Improvement 0: 1-16. https://doi.org/10.1080/15427528.2017.13
45817.

Tadesse, Y., C. J. M. Almekinders, R. P. O. Schulte, and P. C. Struik.
2017b. Tracing the seed: seed diffusion of improved potato
varieties through farmers’ networks in Chencha, Ethiopia.
Experimental Agriculture 53: 481-496. https://doi.org/10.1017/
S001447971600051X.

Tafesse, S., E. Damtew, B. van Mierlo, R. Lie, B. Lemaga, K. Sharma,
C. Leeuwis, and P. C. Struik. 2018. Farmers’ knowledge and
practices of potato disease management in Ethiopia. NJAS -
Wageningen Journal of Life Sciences 86—87: 25-38. https://doi.
org/10.1016/j.njas.2018.03.004.

Teshome, B., R. Negash, and A. Shewa. 2019. Determinants of
adoption of improved Jalenea potato variety: the case of Chen-
cha Woreda, Southern Ethiopia. Journal of Development and
Agricultural Economics 11: 170-185. https://doi.org/10.5897/
JDAE2018.1041.

Thiele, G. 1999. Informal potato seed systems in the Andes: why are
they important and what should we do with them? World develop-
ment 27: 83-99.

Thomas-Sharma, S., A. Abdurahman, S. Ali, J. L. Andrade-Piedra, S.
Bao, A. O. Charkowski, and D. Crook, et al. 2016. Seed degen-
eration in potato: the need for an integrated seed health strategy
to mitigate the problem in developing countries. Plant Pathology
65: 3—16. https://doi.org/10.1111/ppa.12439.

Trutmann, P., J. Voss, and J. Fairhead. 1993. Management of common
bean diseases by farmers in the central african highlands. Inter-
national Journal of Pest Management 39: 334-342. https://doi.
org/10.1080/09670879309371817.

Tsror (Lahkim), L., and I. Peretz-Alon. 2005. The influence of the
inoculum source of Rhizoctonia solani on development of black
scurf on potato. Journal of Phytopathology 153: 240-244. https://
doi.org/10.1111/§.1439-0434.2005.00962 x.

Urrea-Hernandez, C., C. J. M. Almekinders, and Y. K. van Dam.
2016. Understanding perceptions of potato seed quality among
small-scale farmers in peruvian highlands. NJAS - Wageningen
Journal of Life Sciences 76: 21-28. https://doi.org/10.1016/j.
njas.2015.11.001.

van Asten, P. J. A., S. K. Kaaria, and A. M. Fermont, and R. J. DELVE.
2009. Challenges and lessons when using farmer knowledge
in agricultural research and development projects in Africa.
Experimental Agriculture 45: 1-14. https://doi.org/10.1017/
S0014479708006984.

van Mele, P. 2000. Evaluating farmers’ knowledge, perceptions and
practices: a case study of pest management by fruit farmers in
the Mekong Delta, Vietnam. Wageningen, The Netherlands:
Wageningen University and Research Centre.

Zeven, A. C. 1999. The traditional inexplicable replacement of seed
and seed ware of landraces and cultivars: a review. Euphytica
110: 181-191. https://doi.org/10.1023/A:1003701529155.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


http://dx.doi.org/10.1016/j.njas.2018.03.004
http://dx.doi.org/10.1016/j.njas.2018.03.004
http://dx.doi.org/10.5897/JDAE2018.1041
http://dx.doi.org/10.5897/JDAE2018.1041
http://dx.doi.org/10.1111/ppa.12439
http://dx.doi.org/10.1080/09670879309371817
http://dx.doi.org/10.1080/09670879309371817
http://dx.doi.org/10.1111/j.1439-0434.2005.00962.x
http://dx.doi.org/10.1111/j.1439-0434.2005.00962.x
http://dx.doi.org/10.1016/j.njas.2015.11.001
http://dx.doi.org/10.1016/j.njas.2015.11.001
http://dx.doi.org/10.1017/S0014479708006984
http://dx.doi.org/10.1017/S0014479708006984
http://dx.doi.org/10.1023/A:1003701529155
http://dx.doi.org/10.18848/1832-2077/CGP/v06i05/54835
http://dx.doi.org/10.3389/fsufs.2019.00068
http://dx.doi.org/10.1007/s11540-020-09455-z
http://dx.doi.org/10.1007/s11540-020-09455-z
http://dx.doi.org/10.1111/j.1439-0418.2011.01631.x
http://dx.doi.org/10.1094/PDIS-09-17-1414-RE
http://dx.doi.org/10.1094/PDIS-09-17-1414-RE
http://dx.doi.org/10.1038/nrmicro1596
http://dx.doi.org/10.1016/j.cropro.2015.05.012
http://dx.doi.org/10.1016/j.cropro.2015.05.012
http://sipa.agricultura.gob.ec/index.php/cifras-agroproductivas
http://sipa.agricultura.gob.ec/index.php/cifras-agroproductivas
http://dx.doi.org/10.1080/15427528.2017.1345817
http://dx.doi.org/10.1080/15427528.2017.1345817
http://dx.doi.org/10.1017/S001447971600051X
http://dx.doi.org/10.1017/S001447971600051X

	﻿Farmers Experiencing Potato Seed Degeneration Respond but Do Not Adjust Their Seed Replacement Strategies in Ecuador
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Context of the Studies
	﻿Data Collection
	﻿Data Analysis

	﻿Results
	﻿Farmers’ Observations About Potato Seed Degeneration
	﻿Practices when Farmers Experience Their Seed is Degenerated
	﻿The Effect of Experiencing Seed Degeneration and Farmers’ Income on Seed Replacement Practices

	﻿Discussion
	﻿Experiencing Seed Degeneration
	﻿Practices to Manage Seed Degeneration
	﻿Do Farmers’ Experience on Seed Degeneration and Income Affect Seed Replacement Practices?

	﻿Conclusion
	﻿References


