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Abstract

Rural Paraguay presents interesting opportunities for investigating the subtle
differences in the use of medicinal plants across seasons and the urban versus
rural dichotomy in a local setting. This study investigates three aspects of
plant-based medicinal use in rural Paraguay: 1) seasonal differences and 2)
differences between urban and rural residents and 3) the source of medicinal
plants used to treat thirteen common ailments. Interviews performed in Jan-
uary through March 2015 and repeated in June through August 2015 revealed
small differences between seasons and between places of residence but a larg-
er homogeneity in the two populations, a homogeneity that stems from the
recent migration of urban residents from nearby rural communities. We also
found that the important cultural and preventive medicinal use of
plant-based additions to yerba mate contributes to the similarities between
the urban and rural populations. The findings suggest the continued strength
of medicinal plant use going into the near future.
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1. Introduction

As plants and people migrate together across large physical and social distances,
frequently to more urban settings, one would expect to find adaptation in
plant-based medicine use to new and substantially different conditions. Does
this pattern hold when the physical and social distances are much more local? As

a general hypothesis one expects that as urbanization increases the knowledge
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and use of plant-based medicines declines [1]. Research has demonstrated that
first generation immigrants, populations that are migrating or urbanizing, retain
ethnobotanical knowledge and continue using some plant-based medicines [2]
[3]. However, other research has demonstrated that even regional knowledge of
plant based medicine does not outlast urbanization in the long run (e.g. [4]). We
examine a district town and a small nearby farming community in eastern Pa-
raguay to observe more localized migration and the use of plant-based medicines
to determine the types and magnitudes of change and how local social and cul-
tural factors have influenced the transition.

Rural Paraguay provides a study area with relatively recent and rapid moder-
nization of outlying communities and the corresponding increase in access to
pharmaceutical medications. A near freeze on internal movement of the popula-
tion until the last generation has resulted in a large part of the urban population
having recently migrated directly from nearby rural communities [5].

Despite the importance of plant-based medicine as both an essential part of
the local healing traditions and an important cultural touchstone, it is understu-
died in Paraguay [6] [7]. Studies concerning medicinal plants are generally li-
mited to catalogs of plants available in urban markets [8] [9], pharmacological
investigations [10] [11], and ethnobotanical studies of indigenous populations in
the Gran Chaco region of western Paraguay [12] [13] [14]. Available scholarship
rarely considers the ethnobotany of eastern Paraguayan populations, an idea
emphasized by Arenas, “casi no existen estudios sobre estos temas ente la pobla-
cion no indigena chaquenia’ [there almost do not exist studies about these topics
among the non-indigenous Chaco population] [13]. In particular, comparisons
between populations in small urban settings and their neighboring rural popula-
tions are lacking. Rural is primarily defined by occupation; most residents are
engaged in some natural resource occupation, in this case farming, that puts
them in close contact with plants on daily basis. Urban implies that most occu-
pations are in manufacturing or service industries. In addition, the urban area
had more health and education services, improved infrastructure, and higher
population and housing density.

The ethnobotanical literature does a much better job of addressing
plant-based medicine and migrations when the focus is on long distance rather
than local migrations and the migrations tend to represent migration into a new
culture or ecological setting [15]-[20]. The migrations addressed in the literature
also are often urban to urban migrations. Some non-migratory comparisons
between rural and urban populations [21] or urban ethnopharmacological stu-
dies in South America [22] exist in the literature but they tend to focus on spe-
cific plants [23] [24] or ailments [25]. Ethnobotanical studies also frequently fail
to consider explicitly the role of pharmaceutical medicine in the study popula-
tion even though the availability of western pharmaceuticals is cited frequently
as a cause for decline in plant-based medicine use.

This study investigates the differences in the application rather than know-

ledge of plant-based medicine between a rural and urban population for thirteen
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common ailments over the summer and winter seasons. That is, a recent mi-
grant may retain knowledge but use pharmaceutical remedies rather than
plant-based medicines. Our study was not designed to capture the knowledge
base. We were able to examine the differences in the use of plant-based medi-
cines between a rural farming community in decline and a growing town with
urban characteristics that are only seven kilometers apart.

We identified 171 plants that are used for medicinal purposes in the study
area, although the study also uses a subset of the most common 18 plant species
for some of the analysis. Our study includes medicinal plants used when brewing
yerba mate ([lex paraguariensis A. St.-Hil.) tea. Yerba mate is a central part of
Paraguayan culture, a culture that is a blend of Spanish and Guarani cultures.
Traditional brewing of yerba mate includes plant-based medicines in the steep-
ing process [26].

Based upon proximity, we predicted that both the urban and rural population
would be equally likely to experience the same ailments. Community observa-
tion prior to initiating the study led us to believe that the number of individual
cases of an ailment would increase for both urban and rural populations in the
winter season. We also predicted that the urban population would more fre-
quently use pharmaceutical medicines, on a whole having better access, and that
pharmaceuticals would be more often used by both populations in the winter
season. We predicted that urban residents would be more likely to purchase
their medicinal plants than rural residents irrespective of season. However, the
easy and equal access to some pharmaceutical medicines, the recent increase in
migration, the geographic proximity, and cultural importance of medicinal
plants led us to believe that the populations would be more similar than different

in their overall use of plant-based medicine.

2. Methods
2.1. Study Area

The study took place in the rural community of Chamorro Cué (24.275032S,
56.561237W) and neighboring urban center of Gral. E. Aquino (24.263708S,
56.540507W), which is the administrative and service center for many outlying
rural communities including Chamorro Cué. The two communities are ap-
proximately 7 km apart and rural community members frequently travel to Gral.
E. Aquino for goods and services and to visit family.

Chamorro Cué is a small rural community driven economically by smallhold-
er farming of cash crops including sesame (Sesamum indicum), chia (Salvia his-
panica), and sunflowers (Helianthus sp.), in addition to subsistence crops such
as corn (Zea mays), manioc (Manihot esculenta) and beans (Phaseolus vulgaris)
plus seasonal gardens in the winter. Eighty-six percent of households count
farming as their primary source of income. In the two decades prior to this study
Chamorro Cué witnessed rapid modernization. In 1996 a community water sys-

tem and electrical grid were established. By 2000 all homes had access to running
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water and 95% of homes were connected to the electrical power grid. Since 2000
the population of Chamorro Cué has declined appreciably, from 750 residents to
450, as people leave the community in search of economic opportunities else-
where [27]. Paraguayan economic migrants travel as far as Spain [28] and Bu-
enos Aires [29], although many go to the capital of Asuncién and even more to
nearby towns like Gral. E. Aquino.

Gral. E. Aquino is the municipal center for the district of the same name, and
is home to the municipal office, hospital and pharmacies, police and fire head-
quarters, school superintendence and other services. The community’s economy
is primarily service driven. Members of nearby rural communities frequently
travel to Gral. E. Aquino to take advantage of these services. Our measure of ur-
banization/migration is the growth of Gral. E. Aquino and the movement of the
nearby farming residents to the community. Population data for the urban
community of Gral. E. Aquino is not available, but an analysis of aerial photos
dating back to 2000 indicate that the geographic area covered by the town has
grown by approximately fifty-one percent since then (Figure 1). This growth

Gral. E. Aquino|
2002

Google eat

Gral. E. quino
2013

|
15

Figure 1. Change in the size of urban center of Gral. E. Aquino from 2002 to 2015. Photo dates: upper left, 2002; upper right,
2011; lower left, 2013; lower right, 2015. The 2002 photo includes a missing strip where satellite imagery did not capture all of
Gral. E. Aquino but allows long-term analysis of at least the eastern half of Gral. E. Aquino. (Data and Images: US Dept of State
Geographer; 2018 Google Image Landsat/Copernicus).
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contrasts with a mere 3.7 percent population growth for the entire district over
the previous decade [30]. Approximately half of the urban participants in this
study reported migrating from rural communities. Together the two suggest that
local migration is the phenomenon driving the growth of the urban center. The
decline of Chamorro Cué and the growth of Gral. E. Aquino is the result of mi-
gration to Gral. E. Aquino.

2.2. Interviews and Ethical Considerations

Prior to interviews preliminary conversations were held with a subset of the local
population to identify the most common ailments experienced by the popula-
tion. These conversations resulted in a list of thirteen common ailments that
formed the basis of the formal interviews. Since the respondents were asked to
recall ailments there was no method to confirm ailments or determine causes. As
interviews were open ended it did appear that responses were consistent among
the community members. Conversations and observations supported by the li-
terature indicated that urban dwellers had a knowledge of and inclination to use
plant-based medicine. Conversations, observations, and the diversity of plant
species for sale in markets in regional towns like Gral. E. Aquino [8] suggest that
the rural and urban population were sufficiently similar in knowledge and prac-
tice of plant-based medicine use to be suitable for comparison.

Interviews were conducted with forty-four families in the months of January
through March of 2015 and repeated in July and August. Thirty families lived in
Chamorro Cué and represent the rural participants in the study. Fourteen fami-
lies representing urban residents were selected in Gral. E. Aquino. Families were
selected as the interview unit to capture the use of diseases across different de-
mographics within a family. For example, in preliminary conversations partici-
pants indicated urinary pain affecting men more, parasites affecting children
more, and high blood pressure most often effecting the elderly. Both rural and
urban households typically included two generations, while rural households
generally had more members than urban ones (Table 1). At least one key indi-
vidual participant was present in both the summer and winter household inter-
views. Characteristics of the key individual participants are shown in Table 2. It
is important to realize that many of the key individual participants had a prima-
ry occupation and a secondary occupation, with the blend varying from house-
hold to household. Few families relied solely on one occupation. In addition, the
interviews captured responses from an entire families, not just the responses of
the key individual participants. In general older participants had lower levels of

educational attainment.

Table 1. Average family size and number of generations/family for rural and urban families.

Generations Family Size
Rural 2.10 £0.25 4.13 £0.67
Urban 1.79 £ 0.33 3.29£0.70
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Table 2. Demographic characteristics of the key individual participants in Gral. E. Aqui-
no (14 people) and Chamorro Cué (30 people).

Chamorro Cué Gral. E. Aquino Total
Sex
Male 17 8 25
Female 13 6 19
Education
Did not complete 20 1 21
high school
High school or 10 13 23
beyond
Occupation
Extension Agent 0 4 4
Farmer 9 0 9
Homemaker 9 0 9
Teacher 7 6 13
Other 5 4 9

The interviews took place in participants’ homes and were conducted in either
Spanish or Guarani. Participants were asked directly about the presence of ail-
ments, and the type and source of remedy used and then engaged in a conversa-
tion exploring their ideas about medicinal plant use. Each interview lasted ap-
proximately one hour.

Participants gave oral consent as approved by the Michigan Technological
University Institutional Review Board (IRB). The IRB format and requirements
are consistent with the International Society of Ethnobiology Code of Ethics
[31]. The Code of Ethics does recommend written consent but we used oral
consent as some of the older participants were more comfortable with this for-
mat.

The first author spent two years living and working in the communities of
Chamorro Cué and Gral. E. Aquino plus an additional year in Asuncién. During
those three years he spent hundreds of hours engaged with community members
in conversations about everyday topics, including plant-based medicine. He
practiced a lifestyle similar to his neighbors, shared meals with them, and fre-
quently used preventive and curative plant-based medicine in his daily life. The
first year living in Chamorro Cué prior to initiating research allowed him to gain
an understanding of community concerns and dynamics and to understand sen-
sitive topics. Several years of participant observation by the first author provides
additional support for our findings [32].

Most of the plants described and all of the plants commonly used are sold
commercially locally and in Asuncién. Yerba mate is traded and consumed glo-
bally.
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2.3. Data Analysis
2.3.1. Fisher’s Exact Test

Data for the urban and rural populations and as well as seasonal data was ana-
lyzed using Fisher’s exact test in SAS 9.4 for Windows. Using G*Power the cal-
culated power for this two-tailed Fisher’s exact test (n, = 30, n, = 14, a = 0.05) is
0.65, indicating that the small sample size may lead to accepting a null hypothe-
sis when a larger sample size would have rejected it [33]. There may be more
differences than our study indicates. For example, there could be differences in
presence or absence of an ailment, type of remedy used (plant-based or phar-
maceutical) and the source of medicinal plants (purchased, cultivated, or col-
lected wild) that are not detected due to the small sample size. We define “wild
collection” as collection occurring along road sides, brushy or woody areas or in

farm fields. That is, wild collection occurs when the plant is not cultivated.

2.3.2. Relative Importance

Individual plants were also assigned a relative importance value in order to
compare plant use between rural and urban respondents and different seasonal
uses. The relative importance concept is adapted from Bennett and Prance [34]
and Benitez et al [8]. Relative Importance is comprised of normalized ailment
(A) and response (R) values. The ailment value is the number of ailments for
which a plant is mentioned out of the highest number of ailments mentioned for
a single plant. Response is total responses for a plant divided by the maximum
number of responses for all plants. Relative importance values (RI) for each
plant i were calculated. Data were analyzed using linear regression to compare
difference in seasonal use of specific plants. While R/ may underestimate the
importance of a plant with just a single use our analysis was done with only the

eighteen most important plants, eliminating this problem with R/ analysis.
R)+(4
PRCIEI

where
(RI) = Relative Importance of plant 7
(R) = Normalized Response Value (R/R,,,) for plant 7
(A,) =Normalized Ailment Value (A4/A,,,) for plant 7

3. Results and Discussion

Plant-based medicine use is strikingly similar between the rural and urban pop-
ulations; medicinal plant use has generally outlasted local migration and urba-
nization. However, there are several significant differences between how the two
populations use medicinal plants and where they obtain their plants. There are
also seasonal differences shared by the rural and urban population, particularly
in the specific plants used in summer versus winter. Based upon interviews and
observation it seems social and cultural factors best explain these differences,

rather than environmental and biological factors. This suggests that a funda-
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mental loss of knowledge or change in attitudes does not drive the differences
that do exist. We also found that plant-based medicines are incorporated in yer-

ba mate as a preventive measure.

3.1. Presence vs. Absence of Thirteen Common Ailments

Differences between the presence of the thirteen common ailments in the rural
and urban communities is crucially important to highlight. They demonstrate
that social factors, rather than differences in knowledge of or willingness to use
plant-based medicine are responsible for some of the most fundamental differ-
ences between the urban and rural participants. Participants reported that three
of the thirteen common ailments as less frequently present in the urban popula-
tion: kidney problems, urinary pain, and high blood pressure (p < 0.0001, p =
0.0171, p = 0.0002 respectively) (Table 3). Social factors explain all three of these
differences. The medicines taken for kidney problems are typically preventive,
diuretic medicine used to control dehydration and hyperhydration. Many par-
ticipants attributed kidney problems related to hydration and to spending ex-
tended periods in the sun, which rural farmers do much more frequently than
urban service workers. The logic, according to one farmer, is that it is necessary
to hydrate extremely well in the heat, but that there is a danger of having too
much water in the body which means the farmers are exposed to kidney prob-
lems and must take preventive medicine. Urinary pain is similar to kidney prob-
lems because it is associated with spending time in the sun, especially, as the first
author was frequently reminded while preparing to work outdoors, without
closed toed shoes or long sleeves. Again, it is rural farmers who spend their time

out in the sun more often than service workers in Gral. E. Aquino. A pair of

Table 3. Ailment presence by season and place of residence as a percentage of all partici-
pants reporting the ailment.

Summer Winter Rural Urban
Cold 77 89 87 75
Constipation 66 64 67 61
Cough 82 82 85 71
Diarrhea 61 73 67 68
Fever 75 82 82 71
Headache 91 75 83 82
High Blood Pres. 59 64 75* 32%
Kidney 84* 59* 85* 43*
Pain 68 68 72 61
Parasites 72 77 72 89
Sore Throat 91 89 88 93
Stomachache 84 80 85 75
Urinary Pain 66 59 80* 43%
*: significant result (p < 0.05).
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social factors likewise best explain the lower presence of high blood pressure in
the urban community: diet and demographics. Rural families tended to include
an elderly generation more often than urban families, with the elderly generation
defined as those whose generational cohort has grandchildren. Young people are
more likely to migrate from the rural community. The first author also observed
and conversed with participants in both the rural and urban communities about
the rural diet, one higher in salt, sugar, and oil while lower in vegetables. This
was especially pronounced in the hot, dry summer when gardens were not gen-
erally maintained and produce was prohibitively expensive. It is social factors
and lifestyle, rather than any difference in knowledge or aversion to using
plant-based medicine that caused these differences. The few differences that do
exist highlight the overall similarity between the two populations.

The only pronounced seasonal difference was in the significantly higher pres-
ence of kidney problems (p = 0.0171) in the summer. Again, the presences of
perceived danger of kidney problems necessitating the use of preventive medi-
cine was attributed to frequent hydration, which is much more common in the
hot summer months and more common for farmers. This difference is not the
result of knowledge or willingness to use plant-based medicine, but rather a cli-
mactic factor and occupation, a socioeconomic factor.

While we had predicted that ailments would be more common in the winter
they were generally seasonally similar, and in the few exceptions where the dif-
ferences were statistically significant the ailment was more common in the

summer.

3.2. Type of Medicine Used to Treat the Thirteen Common
Ailments

The rural and urban populations are similar in their preference for plant-based
or pharmaceutical medicine to treat or prevent the thirteen common ailments
(Table 4). The data collected included the use of plants that were added to yerba
mate tea when respondents specifically mentioned that the plants were included
in the tea for the medicinal properties. (The medicinal additions may have a dual
role for flavoring.) As drinking yerba mate is a cultural cornerstone in Paraguay,
the similarities between rural and urban populations can be partially explained
by the use of yerba mate by both populations.

The only ailment for which there is a significant difference between the urban
and rural populations in preference for pharmaceutical medicine over medicinal
plants is for the treatment of parasites (p = 0.0431). Once again, a social factor is
responsible for this difference. Conversations with participants, including three
health care professionals, consistently revealed the perception that parasites af-
fect young children more often than adults and with greater detrimental health
effects. Most families only reported giving any sort of medication against para-
sites on a regular basis to children. In Gral. E. Aquino the school system pro-

vides anti-parasitical medication to students, but rural participants reported
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Table 4. Medicine type used by rural and urban participants as a percentage of all partic-

ipants.
Rural Urban
Pharm. Natural Both Pharm. Natural Both

Cold 25 46 29 10 38 52
Constipation 10 85 5 0 94 6
Cough 14 75 12 25 50 25
Diarrhea 15 68 18 21 63 16
Fever 51 24 24 60 25 15
Headache 64 10 26 83 13 4
High Blood 29 53 18 33 44 22

Pres.
Kidney 2 94 4 8 92 0
Pain 65 21 14 71 18 12
Parasites* 21 70 9 48 40 12
Sore Throat 15 68 17 12 46 42
Stomachache 6 90 4 10 76 14
Urinary Pain 2 88 9 17 83 0

*: significant result (p < 0.05).

consistently that the medication rarely reaches their school, hence the higher
percentage of families reporting the use of pharmaceutical medicine use for the
urban population. Again, it is a social factor outside the control of the partici-
pants that explains the only deviation from the otherwise strong similarity be-
tween the two populations.

Apart from anti-parasitical medication, both urban and rural participants re-
ported typically using only inexpensive and readily available over-the-counter
pharmaceuticals like acetaminophen and ibuprofen. Families in both the rural
and urban area also indicated in conversations that they often give pharmaceut-
ical medication to children even when adults in the family take plant-based me-
dicines. This pattern explains why some families use both pharmaceutical and
plant-based medicine, especially in urban areas. Better access accounts for the
slightly higher use of pharmaceutical medication among the urban population.
Over-the-counter medications are readily available at small rural stores. Other
pharmaceutical medications are found at pharmacies that are both physically
distant from rural homes and the medications are beyond the economic means
of rural farming families who tend to have lower disposable incomes than urban

workers.

3.3. Source of Medicinal Plants Used to Treat the Thirteen
Common Ailments

Many of the most important and most frequently used medicinal plants are not

sold dried and preserved. A participant involved in the raising, drying, and sell-
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ing of medicinal plants explained that part is cultural and part is practical. Some
plants are almost always collected wild and consumed in the moment or sold
fresh. An excellent example is Gomphrena ducumbens Jacq, only once in three
years in Paraguay did the first author see it available for sale as a dried specimen.
Some plants, for example Matricaria recutita L., are also more amenable to the
large-scale production required to make the practice of drying and preserving
them profitable. Still, the informal economy of rural plant growers allows urba-
nites to obtain the most popular medicinal plants either fresh or dried, despite
their absence in the urban center itself.

The urban and rural populations followed similar trends in the source of me-
dicinal plants for twelve of thirteen common ailments; although urban partici-
pants tend to purchase medicinal plants slightly more and collect them in the
wild slightly less than rural participants (Table 5). The source of the medicinal
plants used to treat diarrhea varied significantly between the rural and urban
populations, rural participants almost never purchase plants to treat diarrhea,
while urban participants purchased and cultivated plant-based medicines more
than the rural residents. The difference is related to the specific plants used. Un-
like some ailments, treatment of diarrhea is concentrated in one specific plant,
Pluchea sagittalis (Lam.) Cabrera, and accounts for thirty percent of all treat-
ment; it is a plant that is reported as only collected wild. The inability to find
wild P. sagittalis in the urban area may drive the differences in source of medi-

cinal plants to treat diarrhea.

Table 5. Medicinal plant source for rural and urban participants as a percentage of all

responses.
Rural Urban
Purchased Cultivated Wild  Purchased Cultivated wild
Cold 14 44 42 27 45 27
Constipation 36 36 27 54 38 8
Cough 15 40 44 17 35 48
Diarrhea* 4 32 64 22 44 33
Fever 53 8 39 89 0 11
Headache 28 32 40 33 33 33
High Blood 4 49 47 0 25 75
Pres.
Kidney 31 17 53 27 20 53
Pain 55 20 25 50 17 33
Parasites 13 16 71 28 17 56
Sore Throat 9 33 58 18 38 44
Stomachache 25 14 61 42 13 46
Urinary Pain 3 35 61 8 50 42
*: significant result (p < 0.05).
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Our findings are generally in line with the overall literature, which indicates
that the closer the rural and wurban populations (spatially and so-
cio-economically) the more similar their behavior. Urban residents in Suriname
also use medicinal plants based upon their familiarity with plant-based medi-
cines and the relatively low cost when compared to pharmaceuticals [22]. In
contrast, Garcia et al [35] found significant differences in plant use among mi-
grants within Brazil. They found that more accessible health care was one reason
people shifted to more use of pharmaceutical medicines. In our study health care
is closer for our rural population, but still not as accessible as it is for the urban
population both because of the travel distance and the urban population in Gral.
E. Aquino is somewhat wealthier.

The source of the plant is an important difference between our study and sev-
eral other studies that investigate short-distance migration [21] [36]. These two
studies ask what plant-based medicines are purchased by urban residents and
compare that value with use by rural residents. Urban participants were sampled
at herbal medicine shops. That technique undercounts urban use. We found that
treatments for only three of the thirteen ailments listed in Table 5 had 50% of
the plant-based medicines purchased and significant numbers were either culti-
vated or gathered in the wild. We find substantially more use of plant-based me-
dicines. In addition, our study method was able to identify more use of
plant-based medicines as preventive rather than curative. We are not able to de-
termine if this is due to a difference in survey methods or a difference that exists
between our study site and those of the other studies. Migrants in Atlanta, GA,
USA did use food with medicinal qualities as a preventive strategy and showed a
similar desire to respondents in our study to use both plant-based and pharma-
ceutical medicines [37]. Residents of Paramaribo, Suriname used bitter tonics as

preventive medicine like the Paraguayan use of yerba mate [22].

3.4. Seasonal Importance of Medicinal Plants Used

The distribution of the eighteen plants with the highest (RI) values based on
their winter and summer (RI) values taken as a whole shows weak correlation
(Table 6; Figure 2, all points). However, when the data are disaggregated a
strong positive correlation exists between the summer and winter (RI) values for
plants with a higher winter (RI) value and a strong negative correlation between
summer and winter (RI) value for plants with a higher summer (RI) value. The
explanation for the trends lies not in the pharmacological properties of the
plants themselves, as was predicted, but instead in the culture of medicinal plant
use in Paraguay.

In Paraguay, people often consume either preventive and curative medicinal
plants as additives to hot or cold tea of the yerba mate plant. Medicinal plants
are key components of the tea, serving both medicinal and flavoring purposes.
People drink the tea itself either boiling hot or freezing cold, with many plants

added specifically for one drink or the other; strong flavors like anise and
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Table 6. Relative importance of eighteen most important plants, with (A) and (R) val-
ues and (RI) values for summer and winter.

(RI) (A) (R) (RI) Summer (RI) Winter
Citrus x aurantium 97 100 95 78 91
Pluchea sagittalis 84 69 100 65 78
Matricaria recutita 80 88 73 65 77
Verbena bonariensis 73 81 64 64 65
Eucalyptus sp. 70 50 90 42 75
Pimpinella anisum 66 56 76 47 69
Mentha piperita 62 75 49 59 51
Aloysia polystachya 59 56 61 66 38
Acicarpha tribuloides 57 31 83 59 39
Gomphrena decumbens 57 56 58 55 48
Phyllanthus niruri 57 44 69 79 22
Salvia officinalis 57 44 69 42 54
Psidium guajava 55 44 66 55 41
Artemisia absinthium 54 56 53 55 42
Cecropia pachystachya 53 50 56 38 53
Peumus boldus 51 25 76 32 51
Chenopodium ambrosioides 50 50 51 62 28
Dorstenia brasiliensis 50 31 69 45 42

chamomile are generally preferred in the hot tea while smooth flavors like mint
and lemongrass are preferred in the cold. Most medicinal plants are strongly as-
sociated with one tea temperature or the other. So important is the distinction
between the hot and cold teas that different Guarani verbs are used to describe
drinking them cold (aterere) and hot (akay’ u).

People drink the hot tea in the winter season, which explains why some plants
have higher winter values. However, many families also drink the hot tea
year-round in the early hours of the morning before breakfast, which explains
why the relative importance of these plants remains high though the summer
months. People drink the cold tea in the summer months, hence the plants with
high relative importance in the summer, but its consumption is, at most, inter-
mittent in the cold winter months, which explains the strong negative correla-
tion between the (RI) values of plants that are more important in the summer
than they are winter.

The eighteen most important plants include some plants that are native and
some that are exotic. Plant types in the 18 most important species range from
trees and shrubs to annual forbs and grasses. People make use of a wide variety
of plants to meet their medicinal needs. All eighteen of the most important
plants are used in the preparation of yerba mate but may also be consumed or

used in other ways.
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Figure 2. Distribution of the 18 plants with the highest (RI) by Winter (RI) and Summer (RI) values, and series defined by greater
Summer (RI) or Winter (RI) values. When all points are considered there is weak correlation, but when disaggregated by season

the individual subsets show opposite trends in (RI) values. Plants most important in summer are triangles and plants most impor-

tant in winter are squares.

It is worth noting that forty-two of the plants reported during the interviews
scored the lowest possible (RI) value. Several of these plants are undocumented
in the peer-reviewed literature. These plants, reported one time for the use of
one ailment are considered singly reported, each one representing one of the
1674 total responses. Singly reported plants were more frequent in the winter
than in the summer, and more frequent in rural as opposed to urban areas
(Table 7). The likely explanation is that medicinal plants in general are con-
sumed more in the winter season, a general consensus of all participants and
supported by the data; in the summer 127 plants were reported 780 times, while
in the winter 146 plants were reported 894 times an increase of 15% on both ac-
counts. People in rural areas also have access to many more plant species in their
fields and around their homes than city dwellers. The largest number of singly
reported plants reported by a single family was five, and the most typical re-
sponse was one. This suggests that there is not a single individual with more expan-

sive or distinct knowledge of medicinal plants, instead exactly half of participant
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Table 7. Number of singly reported responses by season and place of residence.

Summer Winter Total
Urban 3 6 9
Rural 15 18 33
Total 18 24 42

families were the only ones to apply different, specific bits of knowledge. The
singly reported responses reinforce rather than detract from the notion that the
population is homogenous in its knowledge. This is important as it indicates that
collecting and utilizing local knowledge of plant-based medicines on a broader
scale may require a comprehensive community study as was conducted and re-
ported in this study. Studies of other cultures frequently indicate that traditional
healers control knowledge and access to plant-based medicines [38] [39] [40]
[41]. In those cases, unlike this study, community information about plant-based
medicines can be accessed through traditional healers as key providers. The
proper method will vary from location to location and researchers should un-

derstand the context of their studies.

4. Conclusions

This investigation demonstrates the importance of factors beyond knowledge
differences and biological properties in shaping plant-based medicine use be-
tween an urban and rural population in Eastern Paraguay. While some seasonal
differences may be biological, the proximity of the two study sites had similar
biological potential. Social factors related to lifestyle and social services explain
the biggest differences between rural and urban behavior, while access to wild
plants or pharmaceutical medicines explains the urban population’s slight pre-
ference for pharmaceuticals and the rural population’s for plant-based medicine.
In situations where social factors did not play a role and access to plant-based
medicine was equal between the populations, behavior was essentially the same
between the two populations. This was especially true in the use of plants added
yerba mate for preventive purposes. The two distinct trends demonstrated by the
eighteen most important medicinal plants highlight the importance of the cul-
ture of yerba mate tea in the use of medicinal plants. It is impossible to separate
yerba mate tea from medicinal plant use. The first is fundamental to Paraguayan
cultural identity and the second is a key part of preparing the tea. Therefore, the
use of yerba mate tea helps in explaining why there is so much homogeneity
between the rural and urban populations concerning plant-based medicine use,
and why those practices outlasted urban migration. As long as yerba mate tea
remains important culturally in Paraguay, medicinal plant use will continue in
all parts of Paraguay.

Our study looked at only a small 7 km change in location and, in some cases,
households that had moved within the previous decade. The physical and tem-
poral changes were small when compared to many other studies. Nonetheless we
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were able to distinguish some differences in the use of plant-based medicine and
based upon interviews explain why these differences occurred. Many of our re-
sults are similar to other studies in that familiarity with plants and lower costs
are important drivers in maintaining use of these traditional medicines. We were
also able to compare how plants were acquired and how their use changed sea-
sonally. The daily cultural importance of yerba mate is a distinguishing differ-
ence between our study and others. People explicitly stated that the herbs added
to yerba mate had preventive or curative value and they associated specific herbs
with specific ailments. Because of the importance of yerba mate it may be diffi-
cult to extend our results beyond rural and small urban areas in Paraguay but
the explicit use of traditional herbal medicine for preventive purposes on a daily
basis may be more common in other studies. Most studies seem to focus on cur-
ative properties. Preventive medicine merits more study as does an increased

emphasis on small-scale studies.
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