
Can the Introduction of Modern Crop Varieties in their Centre
of Origin Affect Local Ecological Knowledge? A Case Study
of Papaya in the Yucatan Peninsula

Rommel David Moo-Aldana1 & Miguel Angel Munguía-Rosas1 &

Laura Patricia Serralta1 & María Teresa Castillo-Burguete1 & Rocío Vega-Frutis2 &

Daniela Martínez-Natarén1

Published online: 31 March 2017
# Springer Science+Business Media New York 2017

Abstract The effect on local ecological knowledge
(LEK) of introducing modern crop varieties in their cen-
tre of origin has been generally overlooked. LEK of the
reproductive ecology of cultivated and wild papaya was
assessed in a Mayan community using questionnaires,
in-depth interviews, and participant observation.
Although the Maya have managed the wild variety of
papaya for several centuries, there was more LEK of the
recently introduced maradol variety. Most informants
were unable to differentiate male and female plants,
likely because the most common variety (maradol) in
contemporary home gardens is typically hermaphroditic.
Informants also mentioned that, in the past, sexual ex-
pression was manipulated. We conclude that the intro-
duction of the maradol variety has contributed to the
erosion of LEK of the reproductive ecology of papaya.
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Introduction

Future food supply is a major concern for societies around the
world (Hopfenberg and Pimentel 2001). However, any in-
crease in food production is strongly constrained by several
factors, with particular threats from increasingly adverse
environmental conditions, as well as the incidence of novel
pests and pathogens promoted by climate change (Newbery
et al. 2016). Due to the domestication bottleneck, modern
crops frequently have reduced ability to respond to new envi-
ronmental adversities (Doebley et al. 2006). Breeding modern
crop varieties with their wild relatives (hereafter CWR) is an
alternative approach for gaining resilience in the face of
adverse environmental conditions because it develops
genetically-based resistance to cope with environmental
adversities by natural selection (Guarino and Lobell 2011).

The conservation of CWR has been recognized as crucial
(Heywood 2015). However, CWR are threatened by human-
driven environmental disturbances (Kell et al. 2012). Also, the
base-line information on their biology needed to design con-
servation strategies is frequently limited, particularly in their
centres of origin (Altieri et al. 1987). Given the value of CWR
for future food security, ex situ and in situ conservation strat-
egies have been implemented (Plucknett and Horne 1992).
Because ex situ conservation removes plants from their
socio-ecological context, it virtually halts evolutionary and
domestication processes; therefore, more emphasis has been
given to in situ conservation, which seeks to preserve the
whole process of crop evolution, broadly defined by gene
flow within and among the individuals and populations of
cultivated and wild varieties of crops, as well as natural and
artificial selection (Altieri and Merrick 1987). Also, in situ
conservation may be the only feasible choice for plants pro-
ducing recalcitrant seeds (Castañeda-Álvarez et al. 2016).
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Thus, in situ conservation of CWR faces a big challenge be-
cause it requires conservation of habitat, species interactions,
and the socio-cultural system involved in the management of
these resources (Altieri et al. 1987).

Traditional agroecosystems may have the highest potential
for achieving the goals of in situ conservation because most
are frequently located in the crop centres of origin where
CWR, landraces, and modern varieties co-occur (Altieri and
Merrick 1987; Brush 1995). Also, traditional agroecosystems
may maintain the evolutionary process and favour gene flow
among wild and domesticated varieties because of their non-
clean cultivation, their function as biological corridors, and
traditional farming practices (Altieri and Merrick 1987;
Galluzzi et al. 2010).

It has long been suspected that the socio-ecological system
needed for effective in situ conservation of CWR can be se-
verely affected by the conversion of subsistence to cash agri-
culture (Altieri et al. 1987). Particularly threatening is the
introduction of modern crop varieties to centres of origin be-
cause modern cultivars can replace landraces or wild relatives
(Altieri 2003; van de Wouw et al. 2010). This trend may be
exacerbated by cultural changes in food preferences and a
reduction in demand for local products associated with urban-
ization (van deWouw et al. 2010). Also, natural hybridization
between CWR and introduced modern crop varieties may
produce undesirable effects on the yield of the latter (e.g.,
fewer and smaller fruit), so farmers may eliminate wild rela-
tives from their land and the surroundings to prevent hybrid-
ization (Altieri and Merrick 1987; Moo-Aldana 2015).
Displacement of CWR aside, LEK associatedwith the biology
and management of wild varieties and landraces may be
threatened by the introduction ofmodern crop varieties in crop
centres of origin. Global plant conservation strategy, in addi-
tion to being aimed at conserving plant genetic resources, has
also targeted LEK associated with phytogenetic resources
(GSPC 2002), but LEK associated with CWR and how it is
affected by the introduction of modern varieties have received
little attention (Reyes-García et al. 2014).

In this study we looked at LEK of reproductive biology and
pollination ecology of papaya (Carica papaya) in traditional
agroecosystems in a Mayan community on the Yucatan
Peninsula, which is within the centre of origin of this crop
(Fuentes and Santamaría 2014). Our main goal was to assess
whether the introduction of the maradol variety of papaya
affected LEK of the reproductive biology and pollination ecol-
ogy of papaya. The Maya have used the fruit of wild papaya
since pre-Hispanic times (Colunga-García Marín and
Zizumbo-Villareal 2004). However, since the early 1980s
wild and modern papaya varieties (mainly maradol) co-
occur in home gardens of the study area (Poot-Pool et al.
2012), which, together with extensive overlap in their repro-
ductive phenology (both varieties produce flowers and fruit
year round with a flowering peak from February to July), may

promote competition for pollinators and inter-variety gene
flow. We think that LEK of papaya’s reproductive biology
and pollination ecology is relevant for conservation and sus-
tainable management of the species, especially for the wild
variety because it is strictly dioecious (male and female plants
occur in the same population), which means only female
plants produce fruits and pollinators are absolutely needed
for sexual reproduction. A study conducted in the 1980s,
when introduction of the maradol variety had just begun in
the Yucatan, revealed that the Maya recognized male and fe-
male sexual organs and plants in papaya and other species
present in home gardens (Rico-Gray et al. 1988), which also
suggests that LEK of reproductive biology was important to
the Maya before maradol became the dominant papaya varie-
ty. Today, maradol papaya largely dominates home gardens in
the study area and people show little interest in the wild vari-
ety. In contrast to wild papaya, most maradol plants are self-
compatible hermaphrodites that do not need pollinators to set
fruit (Brown et al. 2012). We thus predicted that the recent
replacement of the wild variety by the maradol variety in the
study area would negatively affect the LEK of the pollination
ecology of papaya.

We compared LEK on the cultivation of papaya in adults of
different ages; the expected result was that older people would
have better knowledge of the topic than the young. Contextual
retrospective information was gathered from key informants
and participant observation to explore whether the introduction
of the maradol variety was perceived to have a role in current
use patterns of the two varieties of papaya and the LEK asso-
ciated with them. Since the reproductive ecology of papaya is
unknown in the study area, we simultaneously conducted some
observations and experiments in order to learn about the breed-
ing system, floral biology, and pollination ecology of both va-
rieties. This information also helped us assess the accuracy of
the information provided by the informants.

Materials and Methods

The Study System

The study was conducted in the locality of Pomuch in the
municipality of Hecelchakán in the Mexican state of
Campeche (20°08′13″ N, 90°10′26″ W). In 2010, about
8649 people lived in Pomuch: 4338 (49.8%) men and 4356
(50.1%) women, most of them ofMayan ancestry (≈75%) and
mestizos (≈20%) (INEGI 2010). The main economic activities
are related to agriculture and services (INEGI 2010). About
one third (31.3%) of the population older than 15 years had
not completed their elementary education in Pomuch (Sedesol
2010). Nearly 90% of the houses have a home garden, in
which an average of 19 different plant species can be found
per garden (Poot-Pool et al. 2012).
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Papaya is common in home gardens and maradol is the
only modern variety cultivated in the study area (Poot-Pool
et al. 2012). In Pomuch, people do not plant wild papaya
although it occurs naturally in home gardens, the surround-
ings, and in secondary forest. Wild papaya is locally called
ch’iich’puut or put, which means ‘bird papaya’ in the Mayan
language. This is probably because birds commonly feed on
the fruit and disperse the seeds. Little, if anything, is known
about the gene flow between domesticated papaya and its con-
specific wild relatives in its centre of origin (Silva-Rosales
et al. 2010).Wild papaya in the study area is strictly dioecious,
while the maradol variety, in addition to having male and
female plants, also has self-compatible hermaphrodites
(Brown et al. 2012), and it is these most commonly seen in
home gardens (Moo-Aldana 2015). It has been known since
the last century that papaya can change sex (from male to
female) following mechanical damage or when males are un-
der strong environmental stress (Irons 1908; Freeman et al.
1980). There is no in-depth study on the pollination ecology of
papaya in its centre of origin, but some studies conducted at
other sites have reported that flies, bees (Marín-Acosta 1969),
hawk moths (Renner and Feil 1993), and sunbirds (Dey et al.
2016) visit papaya flowers and may be effective pollinators.
Apomixis (seed production in the absence of pollen) has been
described for some modern varieties (Vegas et al. 2003), but
there is no evidence of apomixis in the wild variety. Papaya
seeds are recalcitrant, meaning that they are short-lived, can-
not be dehydrated and survive, and this represents a big chal-
lenge for gene-banking (Walters et al. 2013).

Quantitative Assessment of LEK

From August to December 2014, LEK was scored quantita-
tively with a questionnaire in a probabilistic sample of 68
adults (>18 years old) who had resided in Pomuch for at least
10 years. The questionnaire was written in Spanish and read to
the interviewees so that illiterate people could participate in
the study. The majority of the people in Pomuch speak
Spanish as their first or second language; monolingual Maya
speakers were excluded from the survey, and represent a mi-
nority in this town (less than 10%). To choose the sample we
used town blocks (204) as clusters and from these, we ran-
domly selected 68 blocks. From each block, we selected the
first house with a home garden on the southern face of the
block; if the owner of the initially selected house refused to
participate or was not available, the next house (clockwise)
was chosen. Only one adult was interviewed per household to
avoid pseudo-replication. Twenty-five men (36.7%) and 43
(63.2%) women answered the questionnaire. Men were 19–
78 years old (mean age = 52.1 years old) and womenwere 21–
70 years old (mean age: 45.7 years old). Most of the men
(58%) had a job related to agriculture and most of women

(83.7%) were housewives. Also, the majority of both the
men (80%) and women (91%) were born in Pomuch.

The questionnaire consisted of 55 items written in appropri-
ate and intelligible language. General and biographic informa-
tion was recorded for all participants (name, age, gender, formal
education level, place of birth, and length of residence in
Pomuch). The first section had 15 questions covering generali-
ties about papaya: if the informant was familiar with the plant,
had consumed the fruit, had a papaya in their garden, and if they
knew about management practices. The second section (21
questions) was about the sexual expression of papaya.We asked
if the informant recognized sexual dimorphism, which plants
produce the fruit, and whether plants that do not produce fruit
were important. The third section (seven questions) was about
flower visitors and pollination. We asked which visitors the
informant had seen on the flowers of papaya plants, whether
the flower visitors were perceived as beneficial or detrimental to
the plant, and whether they were able to identify any floral
reward (e.g., nectar). The last section (12 questions) was about
the perceived relevance of the plant and its management prac-
tices. We asked about the utility of the plant, whether it was
valuable in any sense, and whether informants believed that
the wild and the maradol variety could breed. Throughout the
questionnaire, we specified whether the information given was
about the wild, maradol, or both varieties. Questions were open
and closed, with open questions often used for those requiring a
more extensive answer. Administering the questionnaire took
less than two hours per person.

In-Depth Interviews of key Informants and Participant
Observation

From September to December 2014, we conducted in-depth
interviews with key informants who had some experience
cultivating papaya. The sample was not probabilistic and
was chosen using the snowball procedure. That is, first, with
the help of local authorities (Comisario Ejidal), we identified
an individual who worked on a papaya plantation and also
grew papaya in his/her home garden. Later, this informant
referred us to another person with similar characteristics and
thus we proceeded iteratively until the information elicited
became redundant (saturation point was reached with eight
informants, five men and three women). Informant age was
52–72 years old for men (mean age = 62.2 years old) and 34–
57 years old for women (mean age = 48.6 years old). The most
frequent current occupation was related predominantly to ag-
riculture (60%) for men and housework (67%) for women.

Interviews were conducted in the houses of the owners at a
previously agreed time, and each lasted from 20 min to nearly
two hours. The format was flexible and the topics were gen-
eralities about papaya, varieties and their differences, per-
ceived relevance of the varieties, recent and past uses, the
introduction of the maradol variety, sexual dimorphism, as
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well as current and past management practices. The interview-
er made sure to specify which variety the information was
about. The information was recorded in a field diary.

Simultaneously with the interviews, participant observa-
tion was conducted. Some informants showed the interviewer
some papayas and management practices during the explana-
tion. All relevant information was recorded in the field diary
and photographs were taken, if allowed.

Reproductive Biology and Pollination Ecology

In a sample of 12 maradol plants (seven hermaphro-
dites, three females, and two males) and nine wild
plants (five males and four females), we made some
observations and did some experiments to obtain basic
information regarding reproductive ecology. Sampling
was not random because this part of the study was
conducted in home gardens and only a limited number
of the families allowed us to work in their gardens
(n = 4). The sexual expression (i.e., male, female, her-
maphrodite) of the plants selected does not reflect the
frequency of papaya in the home gardens chosen be-
cause our aim was to have all possible sexual expres-
sions per variety represented. On a number of flowers
per plant (6–25) we observed flower visitors at intervals
of 15 min on focal plants over two time intervals: from
09:00 to 12:00 h and from 17:00 to 20:00 h. On the
same plants, but using different flowers and on different
days, we measured nectar volume from 06:00 to
19:00 h at two-hour intervals using capillary tubes.
Phenology at the flower level was also observed during
the nectar survey. Specifically we recorded the time
when flowers open (anthesis), when the stigma was vi-
sually receptive, when pollen was released and the time
of corolla closure (senescence).

To assess apomixis and the potential for inter-variety hy-
bridization, we conducted a hand pollination experiment. We
selected 16 plants with pistillate/hermaphroditic flowers (five
of the wild variety and 11 maradol), and tagged some floral
buds that were about to open and later randomly assigned
them to one of the following treatments: control (unmanipu-
lated flowers, n = 7), apomixis (flowers were bagged until
senescence, n = 17), and inter-variety cross pollination (wild
papaya females were pollinated with pollen from maradol
males and vice versa, n = 28). For the third treatment, the
pollen from two males of a variety different from that of the
pollen receptor was used. Pollen was placed on the stigma
before midday until stigma saturation and the flowers
remained bagged until corolla senescence. After three weeks,
we recorded whether the experimental flowers had set fruit or
aborted. The hermaphroditic flowers were emasculated before
pollen dehiscence, except for the flowers of the control group.

Statistical Analyses

Each answer in the questionnaire was scored on a ratio scale:
0.2 to 3 points depending on the accuracy of the answer. The
maximum possible score on the questionnaire was 32. We
compared LEK scores between varieties with student’s t test.
Also, using an ANCOVA, we assessed whether age (a
covariable on a log scale), gender (a two level factor), or their
interaction were reliable predictors of the LEK score. An
ANCOVA was run for each papaya variety (two models in
total). The statistics were obtained from the minimal adequate
models selected following the AIC criterion (the lower the
AIC, the better; Crawley 2013). In both models, the minimal
adequatemodels kept the effects of age and gender, but not the
interaction term. Residuals were normally distributed and var-
iances homogeneous.

The proportions of initiated fruit for each hand-pollination
treatment were compared between varieties with a Chi square
test. Species richness of flower visitors and diversity
(Shannon’s Index) were calculated per papaya variety and type
of sexual expression.

All the analyses were run in R.14.0. (R Development Core
Team 2011).

Results

Quantitative Assessment of LEK

The mean LEK score was statistically higher (t134 = 2.38,
P = 0.02) for the maradol variety (6.91 ± 0.44; hereafter mean
values ±1 standard error) than for the wild variety (5.37 ± 0.46).
Men (8.08 ± 0.51) had a marginally higher mean LEK score
about the maradol variety than women did (6.22 ± 0.3) (F1,
67 = 3.19; P = 0.07). However, there was no difference between
men and women in their LEK of the wild variety (F1, 67 = 1.01;
P = 0.32). Also, for the maradol variety, there was a positive
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Fig. 1 Relationship between the score of LEKe about the reproductive
ecology of maradol papaya and age (on a log scale) for men (circles) and
women (triangles) from Pomuch, Mexico. The line shows the general
trend for all data
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and statistically significant (F1, 67 = 3.19; P = 0.03) relationship
between LEK score and age of the informants (coeffi-
cient = 2.31 ± 1.24). For the wild variety, the slope of the
relationship between LEK score and age was not statistically
different from zero (F1, 67 = 1.01; P = 0.32) (Fig. 1).

In-Depth Interviews with key Informants and Participant
Observation

Most of the informants (six) could not recognize male and
female plants of either papaya variety. In fact, the informants
used the terms Bmale^ and Bfemale^ to refer to different fruit
morphologies. According to some informants (three), the fruit
of male plants have a convex apex whilst those of female
plants have a concave apex. One informant also explained that
a single plant could have both male and female fruit. Only two
of the informants were able to identify male and female plants
based on the morphology of the reproductive organs in both
varieties of papaya. These two informants had received infor-
mation or technical training about papaya cultivation from
agronomists. In fact, one of them (aged 70) was an employee
at a commercial papaya plantation.

None of the informants had personally induced a sex
change in either variety of papaya; however, some (four) men-
tioned that more than four decades ago, their relatives used to
cause some damage (transverse penetration of the main trunk
or removal of the main apex, locally known as capado de
papaya [papaya castration]) in order to increase the produc-
tion or size of the fruit. They never invoked sex change as the
underlying mechanism to explain changes in fruit production
and were emphatic that this is not a current practice.

Some informants (four) mentioned that some insects as
well as hummingbirds frequently visit the flowers of the wild
and maradol varieties of papaya, and assumed that these vis-
itors are seeking nectar. The activity of visitors on the papaya
flowers was perceived by most of the informants (six) as rel-
evant to apiculture but few informants (only two) made the
connection between these visits and fruit set (i.e., pollination).
Two informants mentioned that the wild and maradol varieties
can breed, and pointed out that pollen might be transported on
bees or the wind. One informant told us that some farmers
clear wild papaya from an area of several meters around plan-
tations to avoid between-variety pollen interchange, arguing
that it produces undesired results in the quality of fruit, such as
small size and circular shape.

During participant observation, we saw that the local in-
habitants generally have no interest in the fruit of wild papaya.
However, they did mention that in the past, wild papaya was
not only tolerated, but also watered and weeded. Commonly,
the fruit of wild papaya had been consumed and used to pre-
pare some artisanal candies. Also, they pointed out that the
entrance of modern varieties contributed to the loss of this
traditional activity and the lack of interest in the fruit of the

wild papaya. In contrast, the fruit of the maradol variety is
currently highly appreciated, mainly because it fetches a good
price in local markets where big, elongated fruit are especially
prized. People plant the maradol variety, water and sometimes
fertilize it. Although the locals do not care for wild papaya at
all currently, they do occasionally tolerate it in home gardens;
however, when the owners of the garden have maradol plants,
they typically remove the wild variety arguing that the latter is
useless and takes up space. Wild papaya also occurs in other
traditional agroecosystems such as the milpa (traditional
polyculture growing maize, pumpkin, and beans), where it is
tolerated because some think that wild papaya helps reduce
the attack of granivorous birds on maize. As in home gardens,
no care is provided to wild papaya growing in the milpa. Some
people said that papaya’s landraces such as amarilla and ma-
mey were grown in Pomuch more than a couple of decades
ago; however, they were under the impression that the intro-
duction of the maradol variety displaced these other varieties,
which are no longer planted in Pomuch.

Reproductive Biology and Pollination Ecology

Flower anthesis of male and female plants took place at
07:00–08:00 h regardless of variety. In both varieties, male/
hermaphrodite plants released the pollen, and the stigmas of
the female/hermaphrodite plants showed symptoms of recep-
tivity (brightness and turgidity) shortly after anthesis. Flower
longevity in the wild variety (male and female flowers) was
about 96 h, and in the maradol variety (male, female, and

Table 1 Percentage of flower visitors per variety (wild and maradol),
and sexual expression (male, female or hermaphrodite) of papaya in
Pomuch, Mexico. Frequency of visits is in parentheses. Total number of
visits is given in the last line

Wild Maradol

Visitor Male Female Male Female Hermaphrodite

Apis mellifera 22.5
(9)

33.3
(1)

20
(1)

0 (0) 100 (1)

Trigona fulviventris 5 (2) 33.3
(1)

20
(1)

0 (0) 0 (0)

Trigona sp. 35 (14) 33.3
(1)

0 (0) 0 (0) 0 (0)

Cephalotrigona sp. 2.5 (1) 0 (0) 0 (0) 0 (0) 0 (0)

Diptera1 7.5 (3) 0 (0) 0 (0) 0 (0) 0 (0)

Diurnal
Lepidoptera1

15 (6) 0 (0) 20
(1)

0 (0) 0 (0)

Sphingidae2 2.5 (1) 0 (0) 20
(1)

0 (0) 0 (0)

Vespidae2 0 (0) 0 (0) 20(1) 0 (0) 0 (0)

Amazilia rutila 10 (4) 0 (0) 0 (0) 0 (0) 0 (0)

Total 40 3 5 0 1

1Order
2 Family
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hermaphrodite flowers) was about 120 h. Only the males of
both varieties produced nectar. Males of the maradol variety
produced nectar only during the early morning (07:00–
09:00 h). In contrast, males of the wild variety produced nectar
twice a day (06:00–12:00 h and 17:00–19:00 h). Additionally,
males of both varieties produced a sweet fragrance at night
and in the early morning.

The flowers of both varieties were visited mainly by native
and an exotic bee species (Apis mellifera), and by butterflies.
The flowers of the wild variety were additionally visited by
flies and a hummingbird species (Table 1). The assemblage of
flower visitors in the wild variety was slightly more diverse
(Shannon’s index =1.8) than in the maradol variety (Shannon
index = 1.5). In both varieties, male plants were more fre-
quently visited than female/hermaphrodite plants (Table 1).
Females of the maradol variety were not visited by any animal
and only one exotic bee visited the hermaphrodites during the
pollination survey (Table 1).

The fruit set of open-pollinated flowers was 100% and 75%
for the wild and the maradol variety, respectively. However,
these differences were not statistically significant (Table 2).
The fruit set of inter-variety cross-pollinated flowers was sta-
tistically higher when the receptor of pollen was the wild
variety (100%) than when it was the maradol variety (45%)
(Table 2). Fruit set in the flowers bagged to test for apomixis
was very low for the maradol (7%) and null for the wild
variety; differences between varieties were not statistically
significant (Table 2).

Discussion and Conclusions

The results of our study clearly suggest that, while recently
introduced, the reproductive biology of the maradol variety of
papaya is better known than the reproductive biology of the
wild variety. This is interesting because it is known that wild
papaya have been used by the Maya for several centuries
(Colunga-García Marín and Zizumbo-Villareal 2004). The in-
formants also mentioned during in-depth interviews and par-
ticipant observation that wild papaya was cared for in situ and

the fruit used to be consumed several years ago in Pomuch,
but also emphasized that this is no longer the case. Nowadays
papaya is a much appreciated fruit and consumed regularly in
Pomuch; however, people consume the maradol variety al-
most exclusively. This evidence suggests that the maradol
replaced the wild variety in the diet of people in Pomuch
and this potentially contributed to eroding local ecological
knowledge about the wild variety.

We predicted a positive association between the age of the
informants and their LEK about the reproductive ecology of the
papaya. This prediction was supported by data but, contrary to
our expectations, this trend was only significant for the maradol
variety. The maradol variety has been the dominant papaya
variety for the last three decades in the study area; therefore,
it is understandable that even the elderly have forgotten the
peculiarities of the reproductive ecology of the wild variety
and, as a result, only have distant memories of past uses and
past management practices. Wild papaya is no longer managed
in situ; instead, practices such as watering and weeding, com-
mon in the past for the wild variety, are currently reserved for
the maradol variety. The lower degree of knowledge of young
relative to older adults regarding the reproductive ecology of
the maradol variety may be due to a relatively recent shift in the
types of jobs held by the young on the Yucatan Peninsula (i.e.,
from mainly the primary sector to the tertiary sector; Eastmond
et al. 2000). An increasing number of young adults in Pomuch
commute daily or once a week to the main cities on the Yucatan
Peninsula (Campeche City, about 20 km away, and Mérida,
about 175 km away) to work or study in fields largely unrelated
to agriculture (personal observation).

Everyday contact with the urban lifestyle also produces a
change in the interest of the young who no longer see agricul-
ture as a profitable activity (van de Wouw et al. 2010; Punch
and Sugden 2013; Carpena-Mendéz 2015). Contact with the
urban life style also results in changes in gastronomic prefer-
ences and eating habits, which is also known to affect the
conservation of traditional crop varieties (Rijal 2010; van de
Wouw et al. 2010). In Borneo, traditional varieties of taro
(Colocasia esculenta) are tolerated along the margins of agri-
cultural systems even though they are not commonly con-
sumed. However, in contrast to our study area, in Borneo, taro
has current relevance in rituals, language, and myths that seem
to be associated with the conservation in situ of traditional
varieties (Dove 1999).

According to our results, the reproductive ecology of the
maradol and the wild variety are very similar in terms of their
phenology and presumed pollinators. Differences in these
properties are minuscule (maradol flowers live a few hours
longer and are visited by a slightly less diverse assemblage
of animals), and hardly perceived by the inhabitants of
Pomuch. In contrast, the size of the fruit is a distinctive trait
and is used by the informants to distinguish between the
maradol and the wild variety. This is not surprising because

Table 2 Percentage of fruit set after two hand-pollination treatments
(inter-variety cross-pollination and apomixes) and in open-pollinated
flowers. Statistics shown are a comparison of the two papaya varieties:
wild and maradol. Data are % of fruit set, sample sizes are in parentheses

Fruit set (n)

Variety Open-pollination Inter-variety cross pollination Apomixis

Wild 100 (3) 100 (8) 0 (5)

Maradol 75 (4) 45 (20) 6.6 (12)

Statistics χ21 = 0.01 χ21 = 5.12** χ21 = 0.01

**P < 0.01
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the most important benefit obtained from papaya is the fruit.
Because size is an important trait of the fruit, informants pay
particular attention to the variables affecting it. It was quite
interesting for us to find that some people associated small-
sized fruit with pollen flow between the maradol variety and
wild populations, which was not even reported in the literature
(Silva-Rosales et al. 2010), but was experimentally confirmed
in our inter-variety hand pollination experiment. Gene flow
between modern and wild varieties is also worrisome because
the breeding between genetically modified varieties and wild
varieties is likely, and this may have catastrophic results in-
cluding genetic introgression and the creation of weedy vari-
eties. This, in turn, may have an even stronger impact on LEK
because weedy or feral plants usually are less dependent on
human management and pollinator activity for reproduction
(Silva-Rosales et al. 2010; Brown et al. 2012).

It seems that LEK is broader when it is directly linked to
productive activities and, therefore, has an impact on the family
income. This notion is also supported by the fact that proper
sexual expression was not identified by most of the informants
and male sex change is no longer artificially induced. Male
plants are very rare in the maradol variety in the home gardens
of Pomuch relative to the wild variety (less than 1% and about
20% of the plants are males for the maradol and the wild vari-
ety, respectively; Moo-Aldana 2015). Instead, the most fre-
quent sexual expression in this variety is hermaphroditism
(≈85% of plants); thus, either identification or sex change in-
duction has not been cost-effective in recent years. In contrast,
the wild variety is strictly dioecious with evident sexual dimor-
phism (Brown et al. 2012; Fuentes and Santamaría 2014).
People in the past likely realized that plants with a certain
morphology do not produce fruit and discovered that these
plants started setting fruit after some damage had been inflicted.
Nowadays, with the introduction of the maradol variety, this
practice is no longer needed owing to the dominance of her-
maphrodites. The termsmale and female are still being used but
are completely unrelated to plant sexual expression.

Rico-Gray et al. (1988) realized that people in the
neighbouring state of Yucatan (130 km away from the study
area) were able to recognize the sexual expression of plants
based on the morphology of their reproductive organs, which
contrasts with our findings. That study was conducted in the
early 1980s when the maradol variety was just being intro-
duced. Potentially, differences in levels of LEK found be-
tween that study and this one result from the displacement of
the wild varieties by the maradol variety. However, we recog-
nize that we cannot ignore other potentially confounding ef-
fects such as geographic variation (i.e., the studies were con-
ducted in different localities). The maradol variety dominates
home gardens all over the Yucatan Peninsula, and consequent-
ly we did not have the opportunity to compare LEK in com-
munities with and without it. This also justifies our retrospec-
tive approach (i.e., asking informants about past conditions).

The marginal trend of greater LEK of the reproductive
ecology of papaya (for the maradol variety) observed in men
contradicts the findings of previous studies that suggest that
women generally have greater ethnobiological knowledge of
plants in home gardens (e.g., de Almeida et al. 2012). That
leads us to postulate that some papaya LEK is acquired by
men working in commercial plantations (plantation owners
preferentially hire men). In fact, one male interviewee explic-
itly stated that he used to work in a commercial plantation
where he also received technical training. Therefore, it is pos-
sible that some LEK, particularly for men, on the reproductive
ecology of the maradol papaya was recently acquired via for-
mal education/training.

An important observation during fieldwork was the ab-
sence of papaya landraces that, according to the informants,
used to be cultivated in home gardens in the study area.
Landraces are the result of the traditional management of the
wild variety, and are very important because they are adapted
to local environments and usually are linked to local traditions
(Brush 1995; Altieri 2003). Landraces are particularly valu-
able in traditional subsistence agriculture with no or little ac-
cess to agrochemical inputs (Brush 1995). Landraces also
usually co-occur with wild varieties, thus promoting gene
flow between varieties and making landraces more resilient
to environmental stochasticity (Brush 1995). The existence of
landraces implies that people managed the wild variety and
traditional management is, in some sense, traditional ecolog-
ical knowledge put into practice. Because landraces have vir-
tually disappeared in the study area, we assume that the LEK
associated with managing papaya landraces is currently heavi-
ly eroded or has been completely lost.In conclusion, despite
the fact that wild papaya had been managed for far longer,
there was less ecological knowledge about its reproductive
ecology in Pomuch than for the maradol variety.
Understanding the reproductive ecology of papaya is very
important for in situ conservation because it is a dioecious
species and needs pollinators for sexual reproduction. Thus,
to conserve wild papaya in situ we also have to conserve its
pollinators. As suggested by our informants, it seems that the
introduction of the maradol variety not only had a role in the
displacement of the wild variety but also in the disappearance
of papaya landraces. Important management practices have
been virtually lost in this process (e.g., artificially induced
sex change and in situ care of the wild variety), and the intro-
duction of the maradol variety also seems to have played a
role. The introduction of modern varieties to crop centres of
origin represents a threat to the conservation of
agrobiodiversity in situ and associated local ecological
knowledge.
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