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ABSTRACT

Perennial crops account for 10% of the world’s cultivated area. In Argentina, yerba
mate is grown within complex plant communities where scandent weeds are major
challenges. We conducted bimonthly vegetation censuses to evaluate plant communities
in yerba mate fields. These data were used to compare species presence-absence across
the four seasons from 2018 to 2023. We grouped the censused species into scandent and
non-scandent. The relative frequencies of the species analysed showed minor seasonal
variation (chi-square = 2.0802, df = 3, p-value = 0.5559). These results indicated that
frequency patterns remained stable throughout the observation period. Consequently,
information on species richness and frequency may inform integrated management
strategies for these challenges. Although this work focused on yerba mate, the monitoring
methodology can be adapted and applied to other perennial crops of agronomic interest.
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Weed Community Monitoring in Yerba Mate

RESUMEN

Los cultivos perennes representan un 10% de la superficie cultivada a nivel mundial. En
Argentina, la yerba mate se cultiva formando parte de una comunidad vegetal compleja y las
malezas de habito escandente estan entre las principales adversidades. Con el objetivo de
conocery evaluar las comunidades vegetales asociadas a este cultivo, se realizaron censos
de vegetacidon con una frecuencia bimestral, con esos datos se realizé la comparacion
de presencia-ausencia de especies en las cuatro estaciones del afio desde 2018 hasta
2023. Las especies censadas fueron agrupadas en escandentes y no escandentes. Las
frecuencias relativas de las formas de vida analizadas mostraron escasas variaciones en
las estaciones del afo (chi-cuadrado = 2,0802, df = 3, p-valor = 0,5559). Esto indica que
la estructura de formas de vida fue independiente de la variacion estacional a lo largo de
los afios de observacion. Esta informacion acerca de riqueza especifica y frecuencia de
especies podria contribuir a una mejor estrategia de manejo integrado de estas adversi-
dades. Si bien este trabajo se realizo en el cultivo de yerba mate, la metodologia de moni-
toreo puede ser adaptada y aplicada a otros cultivos perennes de interés agronémico.

Palabras clave
arvenses e plantas trepadoras e cultivos perennes e fitosociologia

INTRODUCTION

About 5,000 million hectares of land exist worldwide, of which 38% (1,900 million
hectares) is used for agriculture. Only approximately 62.7 million hectares (1.25%) are
cultivated with perennial crops, mainly in tropical and subtropical regions (14). Among these
perennial crops, coffee (Coffea arabica L. and Coffea robusta L. Linden) stands out globally,
with 11 million hectares cultivated in 75 countries. Half of this area is in the Americas,
with Brazil as the leading producer, dedicating 1.7 million hectares to its cultivation (29).
Citrus species are also important, covering 10 million hectares, with Argentina as the main
producer and exporter of Citrus limon L., “lemon” (27). Additionally, there are approximately
5 million hectares of tea (Camellia sinensis (L.) Kuntze), mostly in Southeast Asia.

Yerbamate (Ilexparaguariensis A. St. Hil.) is cultivated on approximately 200,000 hectares
in Argentina (7), mainly in Misiones and Corrientes (7, 15) with significant socioeconomic
importance (34). According to the National Institute of Yerba Mate (INYM, 2016), 18,615
farmers produce around 750 million kilograms of green leaf. This supply supports an
industry with increasing domestic and international demand (17). Farmers manually
harvest 90% of the area, requiring intensive labor for much of the year (7).

Perennial crop agroecosystems generally host high biodiversity. These crops coexist
year-round with various arable (spontaneous) species, mostly native, and some adventitious
species (9). If this community is improperly managed, it can cause environmental and
economic problems since some spontaneously growing species may become weeds for
crops (2). Therefore, it is necessary to understand plant biodiversity within these perennial
crop agroecosystems. This knowledge allows management strategies favoring the crop
over weeds (3).

Growing land use and food demand make adopting sustainable crop practices essential.
These practices should enhance production efficiency by increasing yields while conserving
natural resources (30). Among these resources are plant species commonly called
weeds. Although certain species exhibit weedy behavior, all play functional roles within
agroecosystems (3, 31).

Knowing the floristic composition of scandent and non-scandent plants helps understand
plant community functioning in perennial crops. These are commonly identified as
climbing and non-climbing plants (12, 13, 28). Moreover, understanding interactions
with other organisms, including arthropods, birds, and microorganisms, further improves
knowledge. Consequently, this knowledge facilitates efficient and sustainable management
of these environments (16). Under favorable conditions, scandent weeds can completely
cover the plants within a few weeks (10, 11). Such coverage causes defoliation through
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competition for light and soil nutrients (figure 1). Consequent damage can be both direct
and indirect. Direct impacts include hindering weeding operations and injuring cultivated
plants. Indirect effects involve altered leaf quality, the industry’s main raw material, during
post-harvest processes.

Figure 1. Scandent weeds in yerba mate crop.

Figura 1. Malezas escandentes en cultivo de yerba mate.

In integrated weed management, phytosociological surveys are crucial for obtaining
reliable and objective data (8). Developing a weed monitoring methodology tailored to
perennial crops is essential for efficiently assessing and comparing plant communities
over time. This approach also helps prevent severe crop infestations and the depletion of
natural resources (6). The composition of plant communities in yerba mate agroecosystems
changes with the seasons (9), and plant communities can behave as weeds under certain
circumstances. Nonetheless, the scandent species are present throughout the year and
are the only ones considered important weeds in the crop. Certain species have medicinal
uses. Examples include Ipomoea purpurea (L.) Roth, Ipomoea indica (Burm.) Merr. and
Ipomoea nil (L.) Roth (20) or Smilax campestris Griseb. (22). Others, like species from the
genus Ipomoea (19), are melliferous and serve as host plants for predatory arthropods.
Certain Bignoniaceae species, including Pyrostegia venusta (Ker Gawl.) Miers, Dolichandra
cynanchoides Cham. and Dolichandra unguis-cati (L.) L. G. Lohmann, provide materials used
in crafts (3).

Understanding the importance of the scandent species in this perennial agroecosystem
assists decision-making in integrated weed management. Furthermore, an adequate
monitoring methodology allows efficient evaluation and comparison of plant communities
over time. This approach also helps prevent severe crop infestations and loss of natural
resources. Information on weed species in yerba mate cultivation is limited. Specific authors,
therefore, approach the topic superficially (6) or mention a few species as competitors (12).
By contrast, recent studies adopt phytosociological or integrative approaches (9, 10, 11).

This study aimed to evaluate species richness and seasonal frequency of scandent and
non-scandent weed communities of yerba mate crop.
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MATERIALS AND METHODS

Between autumn 2018 and winter 2023, 81 censuses were conducted using the
Braun-Blanquet (1950) and Mueller-Dumbois & Ellenberg (1974) phytosociological
methods. Forty-four censuses were conducted during the spring-summer months of
2018, 2019, 2020, 2021, and 2023. Thirty-seven censuses were conducted during the
autumn-winter months of 2018, 2021, 2022, and 2023. This schedule covered all four
seasons of the year. The number of surveys per yerba mate field depended on the state of
the crop at the time. Fields ranged between 2 and 6 hectares and were located across six
departments in the province of Misiones and two departments in the province of Corrientes
(figure 2).
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Figure 2. Geographical distribution of surveys in the north-eastern region of Argentina.

Figura 2. Distribucion geografica de los censos en la region nordeste de la
Republica Argentina.

Fields were selected based on two criteria. First, the age of the crop, specifically those in
full production with plants between 20 and 40 years old. Second, the planting framework,
with the most common being traditional or modern systematized management practices for
the production area (5).

Determination of the minimum sampling area: This constitutes the minimum surface area
thatrepresentsthe community (1,4). Inthis study,a minimum area of 7 m? (figure 3, page XXX)
was determined, based on three considerations. The first consideration was the planting
framework of most yerba mate fields, with 3-3.5 m between rows and 1.2-1.5 m between
plants. The second consideration was the need to observe seedlings, small plants, and even
propagules, which might go unnoticed in larger areas. The third consideration was the
projection of the crop canopy, since plants in this area can become weeds and, in high-density
populations, hinder normal crop growth (11).

Sampling Design: The minimum area was distributed using a systematized design with
transects placed parallel to the plant rows (figure 4, page XXX). This design was chosen for
practicality and potential application to other perennial crops.
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Figure 3. Determination of the minimum area for weed monitoring in perennial crops.

Figura 3. Determinacion del drea minima para el monitoreo de malezas en
cultivos perennes.
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Figure 4. Distribution of the survey areas.
Figura 4. Distribucién de las areas censales.
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Weed surveys: we collected plant material from species not identified in situ and took it
to the Facultad de Ciencias Agrarias de la Universidad Nacional del Nordeste (FCA-UNNE)
Specific taxonomic literature was used to accurately identify the species. Alist of the surveyed
species was compiled. For each species, presence/absence and abundance-coverage were
recorded using the Braun-Blanquet scale (4). Finally, the presence/absence data were
analysed and the frequency value of each species was determined.

Species richness and community composition: Species richness refers to the number of
different species in an ecosystem, regardless of abundance (27). All recorded species were
grouped into scandent and non-scandent species and organized by seasonal frequency in
a contingency table. The four seasons were defined by summer and winter solstices and
spring and autumn equinoxes, starting on 21/12, 21/6, 21/9 and 21/3, respectively. A
chi-square test of independence (x?) was applied to determine whether the proportions of
scandent and non-scandent life forms were related to the seasons. Additionally, a Pearson
chi-squared analysis was conducted on the 10 species with the highest absolute and relative
frequencies. This analysis included species regardless of life form and was performed to
examine their seasonal patterns (23, 25).

RESULTS AND DISCUSSION
Species Richness and Community Composition

Atotal of 153 species were surveyed, with 119 species (77.3%) classified as non-scandent
and 34 (22.2%) as scandent (figure 5).

Community composition (in percentages)

® Scandent ™ Non-scandent

Figure 5. Community composition by scandent and non-scandent species
(in percentages).
Figura 5. Composicion de la comunidad por especies escandentes y no escandentes
(en porcentajes).
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Table 1 shows 1,705 species records obtained from 81 surveys, with 1,143 (67%)
classified as non-scandent and 562 (33%) as scandent.

Table 1: Seasonal records of scandent and non-scandent species.
Tabla 1: Registros estacionales de especies escandentes y no escandentes.

Seasons of the year

Life Forms

Spring

Summer

Autumn

Winter

Non-scandent

487 (68.9%)

231 (65.1%)

193 (65.4%)

232 (66.7%)

Scandent

220 (31.1%)

124 (34.9%)

102 (34.6%)

116 (33.3%)

Total Records of species 1705

Scandent and non-scandent species were organized in a contingency table displaying
the frequency of life forms for each season (table 1). A chi-square (x?) independence test
was conducted to assess whether the proportions of scandent and non-scandent species
varied with the seasons.

Relative frequencies of the surveyed species (table 1) showed little variation throughout
the year. This result is explained by the considered variables:

chi-square = 2.0802, df = 3, p-value = 0.5559
Notably, spring showed the highest number of individuals, while autumn had the lowest.

Absolute and Relative Frequencies of Scandent and Non-Scandent Species

In the field, certain species, such as Ipomoea cairica (L.) Sweet and Scutellaria racemosa
Pers. (table 2), showed different frequencies across seasons. However, the chi-square test
did not confirm this variation for scandent and non-scandent species. To verify seasonal
patterns, the 10 species with the highest absolute and relative annual frequencies were
selected and analyzed (table 2). Five of the six scandent species ranked at the top, highlighting
their importance in the yerba mate agroecosystem throughout the year.

Table 2. Seasonal records and relative frequencies (%) of the 10 most frequent species by
season of the year.

Tabla 2. Registros estacionales y frecuencias relativas (en porcentaje) de las 10 especies
mas frecuentes por estacion del afio.

Species Sp Su Au Wi Total

Ipomoea grandifolia (Dammer) O'Donell | 22 (34%) | 10 (19%) 16 (25%) | 14 (22%) 62

Ipomoea nil (L.) Roth 21(35%) | 12 (20%) 11 (18%) | 16 (27%) 60

Ipomoea indica (Burm.) Merrill 18 (38%) | 10 (21%) 8(17%) | 11 (23%) 47
Ipomoea cairica (L.) Sweet 17 (40%) | 11 (26%) | 11 (26%) 4 (9%) 43
Oxypetalum balansae Malme 25(60%) | 6(14%) 4 (10%) 7 (17%) 42
Scutellaria racemose Pers. 16 (40%) | 8(20%) 9 (23%) 7 (18%) 40
Xerochrysum bracteatum (Vent.) Tzvelev | 20 (54%) | 4 (11%) 5 (14%) 8 (22%) 37
S: Spring, Su: Summer,
Au: Autumn, and Cestrum parqui L'Hér 15 (43%) | 5 (14%) 6 (17%) 9 (26%) 35
Wi: Winter.
Sp: primavera, Maranta sobolifera L. Andersson 14 (44%) | 11 (34%) 5(16%) 2 (6%) 32
Su: verano, Au: otofio y Smilax campestris Griseb. 11 (34%) | 4(16%)| 5(16%) | 11(34%) 31

Wi: invierno.
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The Pearson Chi-Square test, with a value of P=205.46, was significant with a
P value < 0.0001. These results suggest that the presence or absence of these species is
seasonally influenced. Such observations are explained by the subtropical climate of yerba
mate regions in Argentina, without dry season (5) and winter temperatures above 20°C for
several weeks. Combined with precipitation during these months, this mild winter allows
seed germination, seedling emergence, and sprouting of underground and vegetative
organs. Blooming, fruiting, and propagule release also occur throughout the year.

The study shows that scandent species play a more significant role in the community as
a life form than as contributors to floristic richness. Understanding their ecological role can
help optimize resource allocation in integrated crop management. Although often considered
secondary, climbing plants should receive greater attention based on these results.

Vanni et al. (2003) reported that scandent species contributed 20.7% to floristicrichness
in Iguaza National Park (PNI), while Miranda and Dummel (2016) found 18% in the Guarani
Multiple-Use Reserve (RUMG). Scandent species accounted for 22.22% in this study, higher
than in natural ecosystems. Further research should determine if this difference is due to
crop management. Such management may favor species preadapted to thrive as weeds,
which benefit from microhabitat changes and become troublesome (22).

Swamy & Ramakrishnan (1987) report that Mikania micrantha rapidly spreads through
disturbances, mainly forest fires, establishing seedlings or clones in newly affected areas.
Davalos et al. (2019) and Davalos et al. (2023) report that over 90% of the accompanying
species in the yerba mate agroecosystem are native. Seed banks and propagation structures
facilitate their seasonal establishment. Species that adapt to the newly imposed conditions
may become weeds in the crop.

In perennial crops such as coffee and sugarcane, the frequency of scandent species can
vary. For example, . grandifolia showed the highest relative frequency in this study. Kranz et
al. (2009) reported this species in coffee cultivation in Parana (Brazil) with a frequency of
21.9%. Oliveira et al. (2008) recorded it in sugarcane in Rio de Janeiro, with frequencies of
34.4% in autumn-winter and 15.5% in spring-summer. Despite these values, I. grandifolia is
considered a secondary weed in coffee and sugarcane, unlike in yerba mate.

CONCLUSIONS

Scandent species are important weeds in yerba mate, representing 22% of species
richness and 31.1-34.9% of the community composition in each season. Implementing a
proper weed monitoring methodology, both in perennial crops generally and in yerba
mate specifically, improves understanding of plant community dynamics over time. This
methodology is a key tool for preventing weed infestations and evaluating the effectiveness
of management strategies.
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