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Abstract

Agroecosystems integrate ecological principles to balance food production with biodiversity
conservation. Despite efforts to use sustainable practices, weeds are still seen as problematic
due to common views on plant competition. Plant diversity is crucial for maintaining
agrobiodiversity, supporting functions like pollination, soil erosion control, and habitats for
beneficial insects, while also contributing to ecosystem stability and multifunctionality. Current
literature on plant competition provides insight into how competition influences species
composition, thereby structuring communities. By integrating Indigenous agricultural practices
with agroecological principles, we can better manage non-crop plants that offer potential
benefits. Sustainable management practices based on agroecological principles can support
agrobiodiversity and ecosystem function. This study evaluates the effect of interspecific and
intraspecific interactions combined with above and below-ground competition between two
dominant native weed species (lpomoea purpurea and Viguiera cordata) in a coffee
agroecosystem in the Soconusco region of Chiapas, Mexico. Field experiments with 102 plants
across six sites (15mx20m) and four treatments (control, root competition, shoot competition,
and root and shoot competition) were conducted over 9 weeks in a 278-hectare organic shaded
coffee farm. The findings from this study suggest that in this agroecosystem both intraspecific
and interspecific competition are occurring simultaneously with the impact on growth varying
across treatments. We find that the additive effects of root and shoot competition significantly
reduce the height and number of leaves for both plant species. Promisingly, these findings
suggest that competitive interactions between Ipomoea purpura and Viguiera cordata can
contribute to their management and coexistence. Understanding plant coexistence can help
develop weed management practices that enhance plant diversity, thereby providing
ecosystem benefits that support mid-to-long term stability. This study lays the foundation for
more extensive research on weed competition within the coffee agroecosystem and provides
insights into the natural management of weed communities.



Introduction

Agroecosystems: Food Production, Biodiversity, and Traditional Agricultural Practices and Perceptions
Agroecology seeks to bridge the gap between the provisioning of food for people and

preserving biodiversity (Soley & Perfecto, 2021). By applying ecological principles to agronomy,
we move beyond mere yield-focused outputs to consider the intricate and complex biological,
physical, and chemical interactions sustaining long-term productivity (Gliessman 2004).
Achieving equilibrium between food production and stable ecosystems is essential for
sustaining biotic and abiotic processes that are crucial to food system longevity. Indigenous and
local rural farmers offer valuable insights into ecologically sound food systems (Gliessman 1992,
Perfecto et al. 1995, Moguel et al. 1998, Mason et al. 2020, Negi et al. 2020, Dawson et al.
2021). Research on agroecological land management highlights how Indigenous farmers design
food systems that prioritize the continuation of biodiversity (biotic and abiotic) and ecosystem
multifunctionality (Moguel et al. 1998, Gari 2000, Negi et al. 2020). Their knowledge is deeply
rooted in traditional cultural practices, underpinned by a spiritual connection to landscapes and
natural resources (Kimmere 2002). Land and resource management thus become integral
components of food systems management, reflecting Indigenous peoples' close relationship
with the natural world and its resources (Kimmere 2002). With approximately 370 million
Indigenous individuals occupying nearly 22% of the Earth's landmass, their agricultural methods
prioritize ecosystem preservation, biodiversity conservation, and sustainable food production
(Kimmere 2002, Perroni 2017, |.P. Sharma et al. 2020). Indigenous agricultural practices, akin to
principles of agroecology, contribute to habitat creation within food systems, underscoring
their role in food security and biodiversity conservation.

An important component of biodiversity that is often overlooked within agroecology,
despite their capacity to sustain complex ecological structures, is the importance of the
herbaceous biodiversity within these systems (Gaba et al. 2016, Gliessman 2004, Archibald et
al, 2021). Within the field of agroecology, a negative perception still remains with regards to
non-crop herbaceous communities. Many studies report that non-crop plants, most commonly
referred to as weeds, compete with crops for essential nutrients (e.g., light, water, soil
nutrients, and space) (Ronchi & Silva 2006, Maxwell & Luschei 2008, Weiner et al. 2010, Gaba
et al.2016, Romillac et al. 2023) and are the most important biotic factor constraining crop
production in organic, low-input, agriculture (Liebman et al. 1997, Gaba et al. 2016, Scavo &
Mauromicale 2020). There is strong evidence showing competition between crop and non-crop
herbaceous species but there is also growing recognition that non-crop plants provide
invaluable ecosystem services to food systems, including erosion prevention, soil moisture
retention, and habitats for beneficial insects (Blanckaert et al. 2006, Meylan et al. 2013,
Gliessman 2014). Despite the growing body of research showing the benefits of a diverse
herbaceous community within food systems, the ecology of non-crop herbaceous plants,
especially their diversity, function, and ecological interactions remains understudied (Gaba et
al. 2016, Archibald et al. 2021, Romillac et al. 2023). In order to maximize natural ecosystem
processes in agroecosystems, we must understand the ecology of non-crop plants and their
diversity. Since plant knowledge and perception held by farmers influence management,



interest arose in the perceptions and management strategies practiced by indigenous and local
rural farmers.

Expanding on the inherent link between Indigenous communities and their
environment, the parallels between Indigenous agricultural methods and agroecology raise the
guestion: Do Indigenous practices offer unique insights into non-crop management within
sustainable and organic food systems? The existing body of research on this question has
shown a widely different perspective on weeds and their management compared to industrial
agriculture and even to agroecology (Bach et al. 2019, Archibald et al. 2021). Previous research
indicates that mainstream conservation and farming practices often ignore Indigenous
contributions to weed management (Bach et al.2019). A multi-regional study on Aboriginal
perspectives of weed plants consistently showed that despite their distinct viewpoints
compared to mainstream land management agencies, Aboriginal peoples’ insights are rarely
integrated into management strategies, even when Aboriginal peoples’ were employed through
government agencies as rangers and implemented weed control (Bach et al., 2019).
Additionally, a survey study done in a semi-arid region of Mexico found that unlike modern
Western agricultural practices, traditional farmers acknowledge the supplementary worth of
non-crop plants and implement management strategies according to their use and importance
(Chacon & Gliessman 1982,Bye 1981, Blanckaert et al. 2006).

The additional value identified by local and Indigenous farmers in the states of Puebla
and Oaxaca, Mexico guided management practices used for non-crop plants within diverse
agricultural systems (Blanckaert et al. 2006). Findings of this study, acquired through free and
structured interviews, developed a floristic inventory of weed species that identified 161
species, which out of those species, 148 species (91.9%) presents one or more uses to the
inhabitants (Blanckaert et al. 2006). Further, findings from this study showed that weeds served
various purposes in agricultural fields, with (76.4%) of weeds primarily used as fodder, as most
weeds were herbaceous annuals, followed by medicinal (20.3%), edible (11.5%), and
ornamental (6.1%) use (Blanckaert et al. 2006). The inhabitants of the Santa Maria Tecomavaca
region in Mexico, with Mazatec backgrounds, also mentioned agroecological advantages of
certain weeds. The dry materials of Viguiera dentata were often mixed with soil during field
preparation for soil enrichment and structure improvement (Blanckaert et al. 2006).

The perceptions and knowledge that guide weed management techniques can impact
our collective ability to promote food security and sovereignty for Indigenous and rural
communities. As noted by Blanckaert (2006), the presence of edible and medicinal weeds
contribute significantly to the daily diet and basic health of rural and Indigenous families.
Therefore, indiscriminate eradication of weeds could not only reduce the availability of valuable
resources for local residents but also jeopardizes local food security. Integrating Indigenous
perspectives on weed management and agricultural practices aligns with the goals of
agroecology, facilitating the promotion and preservation of biodiversity while addressing the
nutritional needs of vulnerable populations facing food insecurity.

Furthermore, the integration of Indigenous knowledge and scientific knowledge is one
of the pillars of agroecology (Vandermeer and Perfecto 2017). Therefore, there is a significant



opportunity to integrate Western ecological knowledge with Traditional Ecological knowledge
to manage weeds in agroecological food systems. Liebman et al. (1997) suggest that combining
various methods, or "little hammers," can achieve effective control through the synergistic and
cumulative effects of tactics that work better together than individually. This approach also
reduces the risk of crop failure by distributing the protective burden across several methods,
which, in turn, decreases the likelihood of pests developing resistance to any single tactic. In
ecological weed management, the additive effects of multiple, temporally varied stresses on
weeds can enhance crop yield and quality. Integrating ecological weed management with
Indigenous practices and knowledge allows for a better understanding of the potential benefits
and functions of certain weed species, as well as plant phenology and traits, to minimize
competition between weeds and crops

Coffee Agroecosystems

Food systems that allow natural interactions to occur amongst crop plants, soil
organisms, soils, insect enemies, insects, environmental conditions and management actions,
such as agroecosystems, are great study systems to understand how biodiversity and human
needs can be achieved (Gliessman 2014). The coffee agroecosystem in Latin America is a
particularly important place of interest because of the cultural significance and socioeconomic
importance of coffee (Perfecto et al.2014). Lin, Perfecto, and Vandeermer (2008) add that
coffee agroecosystems provide the agricultural basis for many rural farmers throughout mid-
elevation regions in the developing world. Others also claim that changes in coffee commodity
chains and in management pressures have increased the economic vulnerability of farmers
(Bacon 2005, Lin et al. 2008). Coffee itself is not an essential food source but it is an important
economic means that supports farmers' ability to purchase food resources and maintain their
livelihood. The study by Lin et al.(2008) also highlights the potential of coffee agroecosystems’
resilience to climate change compared to agricultural systems with high intensification. Coffee
agroecosystems not only harbor biodiversity within the tropics but they also contribute to the
survivorship of farmers in developing countries (Perfecto et al.2003, Meylan et al.2013,
Archibald et al. 2021). Coffee farms are also excellent model systems for ecological research,
especially in the tropics in which coffee is cultivated using a varying abundance and diversity of
shade trees, offering a gradient of diversity and complexity that share many structural
attributes normally associated with forests (Perfecto & Snellin 1995, Perfecto et al. 2014). Due
to the structural similarities shared with forest ecosystems, coffee agroecosystems present a
unique opportunity for investigating complex ecological interactions, particularly those
involving crop-weed and weed-weed interactions because these interactions occur naturally
with or without human intervention.

Integrated Weed Management in Coffee Agroecosystems

Weed plants and weed communities form part of the ecology and overall biodiversity of
any agroecosystem (Romillac et al.2023). Aside from providing a variety of additional food
sources, medicinal, and agroecological benefits (Moguel et al.1998, Bye 1981, Blanckaert et al.
2006), weeds also provide ecosystem services such as providing habitat for beneficial insects,
retaining soil moisture, and reducing soil erosion (Meylan et al. 2013). Integrating knowledge
and practices from agroecology alongside of Indigenous practices may enhance the beneficial



ecosystem functions provided by weeds when managed carefully. For instance, knowledge on
whether a crop is an annual or a perennial can also help determine weed management
practices. For instance, there is evidence that suggest that, in annual crop systems, weeds-crop
competition may be stronger and reduce production than in perennial crop systems (Menalled
et al. 2020). Coffee agroecosystems are a unique case for studying ecological weed
management because, as perennial agroforestry systems, maintain a diverse understory can be
beneficial. In perennial agroforestry systems there tends to be more diversity of soil microbial
soil resources due to defoliation from long term crops and therefore weed-crop completion can
be reduced due to an increased resource pool within the soil (Menalled et al. 2020).

Balancing the tradeoffs of competition and ecosystem services is representative of the
principles of agroecology (Scavo & Mauromicale 2020) yet weed interactions within coffee
agroecosystems are rarely studied in field experiments, even though they could provide
ecosystem benefits (Gliessman 1992). A study by Archibald et al. (2022), conducted in the
Central Valley of Costa Rica, looked at the taxonomic and functional diversity of the herbaceous
community in organic agroforestry systems. They found 38 species from 20 taxonomic families
present in the system. Their findings showed that the herbaceous communities were
functionally diverse depending on the gradients of canopy cover, suggesting that farms that
adopt agroforestry tend to have more functionally diverse herbaceous stratum and on-farm
diversity (Archibald et al. 2022). Additionally, they found that farmer knowledge of plant traits
in the herbaceous community was positively correlated with management practices (Archibald
et al. 2022). These findings are similar to the study mentioned previously by Blanckaert et al.
(2006), in which they also found that management practices were guided by farmers'
perception and knowledge of the plant's traits and ecosystem services. Our growing
understanding of weed management within agroecosystems, coupled with Indigenous
techniques, suggest a variety of management practices that could be applied depending on the
season, management history, cropping system type and the life stage of the farming system
(Gliessman 1992,Gaba et al. 2016, Archibald et al.2022). Management practices include using
non-crop plants as spontaneous cover to prevent soil erosion and cutting them down before
flowering (Gaba et al. 2016). Other studies have highlighted management practices within
coffee agroecosystems that have varying levels of intensity and agrobiodiversity, by creating
production-focused and conservation-focused areas (Meylan et al. 2013, Gaba et al. 2016) and,
therefore, provide different ecosystem services. Weeds are key components of the biodiversity
in agroecosystems (Romillac et al. 2023) as they support multifunctionality within food systems.
Thus, weed management deserves to be further studied and understood to balance multiple
needs of humans and biodiversity. Studies have shown that the degree of competition between
weeds in the herbaceous community and coffee is highly variable (Ronchi & Silva, 2006, Scavo
& Mauromicale 2020). This study aims to explore competitive interactions between two
dominant native weed species in a tropical agroecosystem in Tapachula, Mexico, contributing
to the growing research on competition and coexistence among non-crop plants.
Understanding how competition, a mechanism of coexistence, influences plant growth can help
to develop management practices that alleviate the trade-offs between weed-crop competition
and the long-term ecosystem benefits weed diversity provides within a food system (Gaba et al.
2016)



Mechanisms of Coexistence: Competitive interactions and Niche differences

As sessile autotrophs, plants and plant communities undergo competition with
neighboring plants for space, light, water, soil minerals and nutrients. A widely studied and
understood principle from classical competition theory is that one species will inevitably face
competitive exclusion because plants fundamentally share the same needs for the same
resources (Weiner 1990, Goldberg 1990). The largest species is predicted to exclude smaller
species (Weiner 1990), regardless of other traits such as competitive response traits or whether
the species are native or invasive (Bengtsson 1994). Despite numerous studies on plant
competition, ecologists are still unable to fully understand why competitive exclusion does not
apply to ecosystems that are able to maintain local (alpha) diversity in plants that are
competing for the same resources (Bengtsson et al. 1994, Wright 2001, Silvertown 2004). This
becomes especially evident in tropical ecosystems, especially equatorial rainforests (Wright
2001), where tree alpha diversity is greater than in any other vegetation type. It is well-
understood that competition among plants influences community composition (Goldberg,
1990) and is crucial for maintaining biodiversity. However, species must still coexist despite the
pressures of competitive exclusion (Johnson, 2021). Given this understanding, why do we not
apply rigorous ecological principles and questions about the possible mechanisms of
coexistence to agroecosystems, which also prioritize biodiversity maintenance?

Classical coexistence theory states that in order for coexistence to occur between two
species, intraspecific competition must be stronger than interspecific competition and that
each species must occupy a different niche (Tilman 1982, Chesson 1986,Goldber & Barton 1992,
Silvertown 2004, Barabds et al 2016). This means that competition must be stronger between
plants of the same species (intraspecific) and weaker between plants of the different species
(interspecific). The basic idea behind this is that plants of the same species share the same
requirements regarding resources; therefore, each species depresses its own growth more than
it depresses the growth of other species (Chesson 1986). Moreover, above-ground and below-
ground competition provide insights into the varying levels of resource acquisition by individual
plants. Since roots and shoots are physically discrete and acquire different resources from the
environment, numerous studies on plant competition have attempted to separate the effects
of root and shoot competition (Weiner 1986, Weiner 1990, Dillenburg et al . 1992, Casper 1997,
Thorsted et al. 2002, Murphy & Dudley 2007, Gottlieb & Gruntman 2022 ). Partitioning above-
ground and below-ground interactions among plants allows researchers to compare four
possible competition treatments: control, root competition, shoot competition, and root and
shoot competition. This approach enhances our understanding of the potential effects of
competition on the overall growth of individual plants.

Additionally, studies attempting to understand coexistence amongst plant species also
included other mechanisms to consider (natural enemies, temporal fluctuations, spatial
variations, resource gradients, etc.) that influence coexistence (Goldberg & Barton 1992,
Bengtsson 1994, Chesson 2000, Silvertown 2004, Chesson 2019). In particular, studies
conducted in tropical ecosystems or hyper-diverse ecological communities, look beyond
predictions of asymmetric competition and competitive exclusion to try to understand how
plants are able to coexist. Instead, Silvertown (2004) and Wright (2001), look towards other



mechanisms like niche differentiation, spatio-temporal variations, and explore the hypothesis
that in light suppressed understories, plants competition is rare (Wright 200, Silvertown 2004).

Chesson also acknowledged that in order for long-term coexistence to occur, stabilizing
effects of niche differences must exceed fitness differences between species (Chesson 200). In
contrast, Goldberg (1992) and Bengtsson (1994) suggest that resource partitioning may not be
an important mechanism for coexistence. Bengtsson (1994) also argues that in order to see
coexistence through niche segregation, environmental heterogeneity is required. Findings from
Silvertown (2004) show evidence of niche differentiation between shrubs and herbs in arid
environments. Furthermore, studies conducted in tropical forest ecosystems indicate that small
guilds of species might partition light gradients through a trade-off between growth rate in
better light conditions and survival in shade (Wright 2001). Wright also states that understory
plants are suppressed by above- and below-ground competition, by canopy plants, suggesting
further possibilities for the natural management of these understory species. Silvertown and
Wright's studies are impactful in addressing the gap for in-field experiments that look at
possible mechanisms of coexistence that go beyond intraspecific competition. To understand
plant species coexistence, one must look at multiple possible mechanisms that might be at play
in tropical forests.

Competition as a mechanism of coexistence is relevant to weed management because it
reduces the potential proliferation of one dominant weed species while maintaining plant
diversity and ecosystem function. The coexistence of non-crop plants within an agroecosystem
is important, as these herbaceous communities provide ecosystem services that contribute to
the long-term stability of both food production and agrobiodiversity.

Merging multiple lines of inquiry, this study examines the strength of intraspecific and
interspecific competition across two niche axis (above and below ground) between two native
plant species, Ipomoea purpurea and Viguiera cordata, within a coffee agroecosystem. Our goal
is to determine if competitive interactions provide insights into possible coexistence strategies
between these two common weed species, aiding farmers practicing agroecology in their
management decisions. Specifically, we investigate how response variables (height and number
of leaves) change with different treatments (root competition, shoot competition, root and
shoot competition), and whether intraspecific competition is stronger than interspecific
competition, and if there is any evidence of niche partitioning between these two dominant
weed species.

To address these questions, we conducted a field experiment with minimal
manipulation, randomly assigning plants to treatments involving interspecific and intraspecific
competition with both above and below ground interactions. Our study aims to fill gaps in the
knowledge of field experiments that combine multiple competitive interactions to provide
evidence of coexistence in tropical ecosystems. Additionally, this study contributes new findings
that support the management of agrobiodiversity and enrich the growing literature that
integrates traditional ecological knowledge with Western ecology

Methods
Study Site and Study Species



The study was conducted in Finca Irlanda, a large (278 ha) organic shaded coffee farm in
the Soconusco region of Chiapas Mexico (15.17358 N -92.3363 W). The study was conducted
from June to August 2022. A location commonly known as “La Estacion" within Finca Irlanda
was selected as the study site due to its minimal physical disturbance from workers, allowing
for the setup of large plots. The main strategy for weed management in Finca Irlanda is through
regular cutting with a machete (X. Perez personal observations). Resulting in varying stages of
regrowth of non-crop vegetation.

Ipomoea Purpurea, the common morning glory (Fig. 1a) is a climbing vine in the family
Convolvulaceae, with showy flowers, native to the highlands of central Mexico (Clegg & Durbin
2003). It is a short-lived perennial plant that is often grown as an annual. Germination occurs
between mid-May and August, and flowers begin to bloom after six weeks of emergence. The
flowers of I. purpurea are pollinated by bumblebees (Bombus pennsylvanicus and Bombus
impatiens) as well as by other generalist species but are also capable of self-fertilization (Chaney
& Baucom 2014). The roots of I. purpurea are shallow and tend to spread outward on the top
levels of the soil (Scott & Oliver 1976, X. Perez personal observation). Viguiera is a genus of
flowering plants in the family Asteraceae (Turner, 2013). Unfortunately, little is known about
the specific species Viguiera cordata (Fig. 1.b) Information gathered from a floristic inventory
published by Billy L. Turner (2013) describes V. cordata as a perennial, ranging from 30 to 80 cm
in height, and arising from a corm-like taproot. The leaves are mostly 4-7 cm long and 2-4 cm
wide, with petioles 2-6 mm long. The blades are broadly lanceolate with serrate margins and
are sparsely pubescent on both sides (Turner, 2013). The roots of V. cordata plants observed on
Finca Irlanda are long and able to access deeper portions of the soil, we also observed that the
plants are clonal and shoot will emerge from the root (X.Perez personal observations). Due to
the limited information on this species, further research into its biology and ecology is

recommended.
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V. cordata intraspecific root and shoot I. Purpurea control treatment
competition

Figure 1: Image at the top shows canopy cover in Finca Irlanda next to Finca Hamburgo which is a full sun coffee
farm. Images on the bottom show Viguiera cordata (bottom left) and the image to the right of that shows Ipomoea
purpurea.

Experimental design

A total of six experimental sites (referred to as blocks and treated as replicates in this
study), each measuring 15m x 20m, were established in June 2022. Individual plants of both
species were located within each block, and treatments were set up randomly. We selected
plants that were already growing within each block. We did not plant or grow them from seed
instead we searched for existing plants of both species in each location. To reduce the
possibility of unequal advantages due to size (thereby minimizing potential effects of
asymmetric competition), we ensured that the selected individual plants were relatively the
same length (20-40cm) and had the same number of leaves (between 5-8). Both these plant
species can be observed growing near one another. Therefore, we did not have to dig up or
move the plants. We simply located both plant species in close proximity to each other
(approximately within 30 to 50 cm depending on the assigned treatment). Once I. purpurea and
V. cordata plants were identified, we began setting up the experiment (Figure 2).

Individual plants were arranged to compete both intraspecifically and interspecifically
and were then further organized within their randomly assigned treatments (control, root
competition, shoot competition, root and shoot competition) (Colom & Baucom 2020, Kiaer et
al. 2013). The control treatment contained a single plant of each species growing under no
completion with any other plant.

The experimental design for treatment 1(root competition), required the plants to be
within proximity to each other to ensure that their roots will interact. We arranged two PVC
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pipes (approximately 1.5-inch diameter, 3-foot tall) in a “V” shape directly behind the plants
and with the use of flagging tape, gently tied the shoots of each plant away from one another
to prevent above-ground competition. For treatment 2 (shoot competition), a 1.5-foot deep
trench was dug between the two plants, and a metal sheet was inserted (Dillenburg et al. 1992,
Thorsted et al. 2006, Kiaer et al. 2013). During the excavation, the topsoil was gently removed,
a trench was dug using a garden trowel, the roots were untangled manually, and the metal
sheet was inserted between the plants. The roots were then centered, and the topsoil was then
added back. Shoots were guided by two PVC pipes forming an “X” shape, ensuring interaction
as they grew. A wooden stick was also used at the base of the “X” shaped PVC pipes to further
guide the tendrils of I. purpurea and further assist with above-ground competition. Lastly,
treatment 3 (root and shoot competition), we selected plants that were growing very close to
each other, allowing interaction of both root systems and shoots. The, one single PVC pipe was
placed directly behind both plants to provide structural support.

We had three replicates (blocks 1-3) with the full set of treatment combinations,
interspecific and intraspecific competition and all four treatments (control, root competition,
shoot competition, and root and shoot competition) for both species. The remaining replicates
(blocks 4-6) had all treatment combinations for I.purpurea, interspecific and intraspecific
competition with all four treatments (control, root competitor, shoot competition, root and
shoot competition) but V. cordata plants were only arranged into interspecific competition with
I. pupurea plants and under all four treatments (control, root competition, shoot competition,
and root and shoot competition). Meaning that in replicate blocks 4-6 we did not continue to
test for intraspecific competition with V. cordata plants (Fig. 2). Data was collected once or
twice a week (depending on weather conditions) for 9 weeks on a total of 102 plants. Data
collected included plant height, number of leaves, and percent canopy cover. Plant height was
measured using measuring tape and the number of leaves was counted by sight. The
assessment of percent canopy cover in each block was conducted with the use of an application
called CanopyApp (University of New Hampshire) downloaded to my own personal device. To
obtain a canopy analysis for each block, pictures were taken of the canopy over each
experimental plant, and then the percent canopy was averaged to get better representation of
the canopy cover in a 15m x 20m block

11
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Figure 2: Representation of experimental design. Blocks 1-3 included intraspecific competition with Viguieia
cordata, but that was not included in blocks 4-6.



Measure of competitive effects

To determine the effect of competition on the growth of neighboring plants, we
examined multiple interaction types. Lotka-Volterra competition equations were utilized to
estimate the competition coefficient of these interactions. In this study we focused on
individual plants competing with each other rather than population or community dynamics.
Therefore, we used a modified Lotka-Volterra competition equation. Microsoft Excel
(Microsoft® Excel for Mac Version 16.86) was used to conduct these calculations. The data was
arranged and separated by treatment (root, shoot, root and shoot) and by species, for example:
I. purpurea_root competition, and then further narrowed down by replicate block (1-6).

Competition coefficient equation for Intraspecific competition:

dB1
?dt_ r1 (1 - 0.’181)

Competition coefficient equation for Interspecific competition:

dB1
ﬂ = T'l(l — aA12 'Bz)

Equation to solve for a2

dB1
_Brait !

12
r1xB2
In the equation, B1 denotes the dependent variable (height or number of leaves) of

plant 1, and B2 represents the dependent variable (height or number of leaves) of plant 2. The
rate of growth without competition is represented by r1. To calculate dB1/B1dt, we gathered
the natural log of the height and number of leaves at time 1 through time 9. We then
subtracted the natural log of height, for example, at time 1 from the natural log of height at
time 2 (InB12)-InB1t1)), and then continued until we went through all the time point. The
averages of these values were then calculated and used in the equation as dB1/B1dt. B1B1 was
estimated by calculating the average of the values (height and number of leaves) without the
natural log, (B1(:1)+B1(2))/2. Once we had all the values for each plant, we calculated the
competition coefficients for intraspecific and interspecific competition. Finally, we calculated
the overall strength of intraspecific and interspecific competition by dividing the interspecific
competition coefficients by the intraspecific competition coefficients to obtain ai;and az.

Statistical analysis
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All statistical analyses were conducted using R Studio (Version 2022.12.0+353). It is
important to state that competition type (interspecific and intraspecific competition) and
treatment (control, root, shoot, and root and shoot) were tested separately. We did this to be
able to compare the values for the dependent variables (height and number of leaves) from
these competitive interactions to the values from the control plants. We also conducted a
mixed model that included all of the interaction terms, treatments (root, shoot, and root and
shoot) and competition types (interspecific and intraspecific competition), without the values
for the control plants. This was done to see if there was a statistically significant difference
between the competition interaction combination.

To test the effects of competition types (interspecific and intraspecific competition) and
treatments (control, root, shoot, root & shoot) on the dependent variables (height and number
of leaves), we used generalized linear mixed-effects models (GLMER). First, we employed linear
mixed-effects regression (Imer) through the ‘Ime4’ package to test both fixed (day 1-9) and
random effects (height, number of leaves, and canopy cover), as our data included repeated
measures for each plant. In this case our predictors are the random effects because our data
includes multiple height values for each individual plant across time (nine days). We also
included interactions in the Imer models that included day, canopy cover, treatment or number
of leaves. We then checked for normality of the residuals using the Shapiro-Wilk test, with the
null hypothesis assuming normality. Since our data did not have a normal distribution, we could
not assume normality. Since the residuals were not normally distributed, we used a generalized
linear mixed-effects model. For height, we used the Gamma distribution family with a log link
function (‘Gamma(link = "log")") because height is a continuous response variable, and the log
link function ensured positive values. For the number of leaves, we used the Poisson
distribution family because the number of leaves is count data, where the counts are non-
negative integers. Lastly, we used the 'emmeans' package to conduct pairwise comparisons and
clarify the significant effects found in the 'glmer' models.

Results

Ipomoea purpurea height response

The overall effect of the treatments (root competition, shoot competition, and root and
shoot competition) on the height of /. purpurea plants showed a strong response (P = 0.0389) to
treatment 3 (root and shoot competition). The effect of treatment 2 (shoot competition) on
height also showed moderate significance (P = 0.0615). Both treatments 1 (root competition)
and 3 (root and shoot competition) reduced the height of I. purpurea plants more than when |.
purpurea was not competing with another plant (Fig. 3a). All treatments reduced the height of
I. purpurea plants. I. purpurea plants under treatment 1 (root competition) were
approximately 35.95% smaller than those in the control treatment. Plants that experienced
treatment 2 (shoot competition) were approximately 48.24% smaller than those in the control
treatment. Treatment 3 (root and shoot competition) also reduced the height of I. purpurea
plants, which were 50.76% smaller than control plants without any treatment manipulations
(Fig. 3a). While these results from the overall effects of the interactions were significant
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according to the ‘glmer’ model, the pairwise post hoc test did not find significant differences
between the specific treatments.
Intraspecific competition had a significant effect in the heights of I. purpurea plants (P =
0.0274). Overall, both interspecific and intraspecific competition reduced the height of /.
purpurea plants. I. purpurea plants competing with V. cordata were 32.18% smaller than those
with no competition. Additionally, I. purpurea plants competing with plants of the same
species exhibited a height reduction of 49.96% compared to those without any competition
(Fig. 3a). The pairwise post hoc test indicated that intraspecific competition was moderately
significantly stronger compared to the control (P = 0.0702). Results of the statistical analyses
can be found in Appendix 1.1.
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Figure 3: Mean height measurement plot (a) and mean count for number of leaf count plot (b) for Ipomoea
purpurea and Vigueria cordata.

Ipomoea purpurea number of leaves response

The number of leaves produced by /. purpurea plants was negatively impacted by the
treatments (root, shoot, root and shoot) imposed on them. The overall effects of the
interactions from the ‘glmer’ model showed statistical significance (P = 0.0145) for treatment 3
(root and shoot competition) compared to plants of the same species without any treatment
(Fig. 3b). All treatments (root, shoot, root and shoot) reduced the number of leaves on /.
purpurea plants. Treatment 1 (root competition) reduced the number of leaves by 22.58%,
while treatment 2 (shoot competition) reduced the number of leaves by 16.75%. Treatment 3
(root and shoot competition) resulted in a 42.24% reduction in the number of leaves compared
to the control plants (Fig. 3b). The pairwise post hoc test further showed that treatment 3 (root
and shoot competition) was moderately significantly different from the control treatment (P =
0.0678).

The overall effects of intraspecific competition had a statistically significant impact (P =
0.0242) on the leaf production of I. purpurea plants compared to those in the control
treatment (no competition). Both intraspecific and interspecific competition led to a decrease
in the number of leaves produced by I. purpurea. Specifically, plants under interspecific
competition had 8.61% fewer leaves compared to the control, while those under intraspecific
competition showed a reduction of 33.73% (Fig. 3b). Pairwise post hoc analysis further
supported these findings, indicating a moderately significant effect of intraspecific competition
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(P =0.0624) compared to the control. Results of the statistical analyses can be found in
Appendix 1.1.

Viguieia cordata height response

The statistical analysis using 'glmer' revealed significant interactive effects of treatments
(root, shoot, root and shoot) on the height of V. cordata plants. Specifically, treatment 1 (root
competition) (P = 0.0122) and treatment 3 (root and shoot competition) (P = 0.0122)
significantly influenced plant height. Treatments 1, 2, and 3 (root, shoot, and root and shoot
competition) all resulted in decreased height of V. cordata plants compared to those in the
control treatment (no competition). Treatment 1 reduced height by 19.37%, treatment 2 (shoot
competition) by 13.02%, and treatment 3 (root and shoot competition) by 28.67% relative to
control plants of the same species (Fig. 3a). Pairwise post hoc analysis further confirmed that
treatment 3 (root and shoot competition) had a nearly stronger effect on plant height (P =
0.0591) compared to the control, whereas neither treatment 1 nor treatment 2 had a
significant effect on plant height.

Intraspecific and interspecific competition had differing effects on the height of V.
cordata plants. Intraspecific competition showed a stronger impact (P = 0.0283) on plant height
compared to interspecific competition when compared to plants without competition (control)
(Fig. 3a). Pairwise post hoc analysis supported this finding, indicating a marginally significant
effect of intraspecific competition on plant height (P = 0.0723).

Viguiera cordata number of leaves response

The overall effects of the treatment interactions (root, shoot, root and shoot) on the
number of leaves produced by V. cordata indicate that treatment 3 (root and shoot
competition) approached statistical significance (P = 0.0553) compared to V. cordata plants
without competition. Additionally, all treatments (root, shoot, root and shoot) led to reductions
in leaf production by V. cordata plants. Treatment 1 resulted in 11.60% fewer leaves than the
control, treatment 2 led to 6.9% fewer leaves, and treatment 3 resulted in 27.78% fewer leaves
than the control (Fig. 3b). Pairwise post hoc tests did not reveal specific effects from the
treatments.

The effect of intraspecific and interspecific competition on the number of leaves of V.
cordata showed that interspecific competition was marginally significant compared to the
control treatment (P = 0.0862). Overall, both interspecific and intraspecific competition
decreased leaf production in V. cordata. Plants under interspecific competition had 14.18%
fewer leaves than the control, and plants under intraspecific competition had 13.42% fewer
leaves than those without competition (Fig. 3b). Interestingly, pairwise tests indicated that
neither intraspecific nor interspecific competition reached statistical significance, thus failing to
reject the null hypothesis.

Interactions between treatments and type of competition: Ipomoea purpurea

To assess the effect of the treatment (root, shoot, root and shoot) and the type of
competition (intra versus inter), we conducted a 'glmer' analysis without the control data.
However, it is important to note that these results do not include comparisons with control
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plants. This is because we wanted to see if there was statistical significance between the
treatments and competition type without the comparison to the control plants.

The statistical analysis revealed no significant effects for the heights of I. purpurea
when considering both competition type (intraspecific and interspecific) and above- and below-
ground competition (root, shoot, root and shoot) together. Furthermore, a pairwise post hoc
test confirmed that none of the specific combinations significantly influenced plant height. On
the other hand, when testing competition type (inter vs. intra) and treatment (root, shoot, root
and shoot) out results showed statistical significance in the pairwise post hoc test when
collectively analyzed for their effects on the number of leaves in I. purpurea. Specific
comparisons revealed that Treatment 3 (root and shoot competition) and intraspecific
competition had a stronger effect (P = 0.0277) in reducing the number of leaves. Results of the
statistical analyses can be found in Appendix 1.2.

Interactions between treatments and type of competition: Viguiera cordata

The results of the statistical analysis indicated no statistically significant interactions on
the height and number of leaves in V. cordata plants. It is important to note that these models
were conducted without including control plants, focusing solely on assessing the interactions
among different competition conditions.

Competition Coefficients

Treatment 1 (root competition) results for height and number of leaves

The competition coefficient estimates (Fig. 5a.)indicated that interspecific competition
had a stronger effect on the height of I. purpurea plants when competing below ground
(treatment 1). However, the statistical analysis did not show any significant effects of treatment
1 (root competition) and showed that intraspecific competition had a stronger effect on /.
purpurea plant heights. Thus, indicating contradictory results between the statistical analysis
and these estimates. Regarding the number of leaves, intraspecific competition had a stronger
impact on /. purpurea plants when competing for below-ground resources (treatment 1). These
results align with the findings from the statistical analysis. For V.cordata plants, the competition
coefficients (Fig. 5a.) indicate that intraspecific competition was stronger when combined with
root competition. These findings are consistent with the statistical analysis, which showed that
treatment 1 and intraspecific competition had an overall negative effect on the height of V.
cordata plants. For the number of leaves, interspecific competition seemed to have a stronger
effect on the number of leaves for V. cordata.

Treatment 2 (shoot competition) results for height and number of leaves

The competition coefficient estimates indicate that interspecific competition had a
stronger effect on the height of /. purpurea plants when under shoot competition (Fig. 5b.)
However, statistical analysis showed that intraspecific competition had a stronger negative
effect on the height of I. purpurea plants. When considering the number of leaves, the
competition coefficient estimates suggest that intraspecific competition is stronger when /.
purpurea plants compete for above-ground resources only (Fig. 5b.). These findings are
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supported by the statistical analysis, which indicates that intraspecific competition had a
stronger effect with a P-value of 0.0242.

In the case of V. cordata, interspecific competition had a stronger effect on height (Fig.
5b.) when also competing above ground (treatment 2). These findings contradict the results
from the statistical analysis, which showed that intraspecific competition had an overall
stronger effect on the height of V. cordata plants. According to the observed trend of the
competition coefficient estimates, interspecific competition had a stronger negative effect on
the number of leaves produced by V. cordata plants when also competing above ground. These
results align with our findings from the statistical analysis

Treatment 3 (root and shoot competition) results for height and number of leaves

The competition coefficient estimate indicated that interspecific competition had a
stronger effect on the height of I. purpurea plants (Fig. 5c.) when competing for both above and
below ground resources (treatment 3). This contrasts with the statistical analysis, which
showed a stronger negative effect on height from intraspecific competition (P = 0.0242).
However, intraspecific competition did have a stronger effect on the number of leaves for /.
purpurea plants compared to interspecific competition. These findings align with the statistical
analysis, which indicated that intraspecific competition had a stronger effect in reducing the
number of leaves in I. purpurea plants.

In the case of V. cordata, intraspecific competition had a stronger effect on plant height
compared to interspecific competition when competing for both above and below ground
resources (Fig. 5c.). This supports the statistical analysis, which found a stronger negative effect
of intraspecific competition on the height of V. cordata. Conversely, the number of leaves was
more impacted by interspecific competition than intraspecific competition when plants were
competing for both above and below ground resources (Fig. 5¢.). This aligns with the statistical
analysis, which demonstrated a stronger effect on the number of leaves when V. cordata was
competing with plants from a different species for both above and below ground resources.

In summary, the observed trends from the competition coefficient estimates differed
from our predictions but provided moderate support for the results of the statistical analysis.
The variation between the results of the statistical analysis and the competition coefficient
estimates could be due to several factors, primarily the inability to simultaneously analyze the
effects of above- and below-ground interactions with the type of competition (intraspecific and
interspecific). This limitation suggests that the competition coefficient estimates might offer a
clearer insight into the combined effects of these interactions. Due to data constraints, it was
not possible to run the treatment and competition type, without removing data for control
plants.
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Figure 5: Representation of the competition coefficient estimates. (a) shows the coemption coefficient estimates for
treatment 1 (root competition). (b) shows the competition coefficient estimates for treatment 2 (shoot
competition). (c) shows the competition coefficient estimates for treatment 1 (root competition).

Discussion

In this study, we tested the competitive interaction between two common weed
species, . purpurea and V. cordata, in a coffee agroecosystem in Southern Mexico. We
hypothesized that for coexistence to occur, intraspecific competition will have a stronger
negative effect on plant growth than interspecific competition for both species across above-
ground and below-ground interactions. Our findings suggest that both intraspecific and
interspecific competition occur for both species but that above and below ground competition
differ between the two species. Although there were discrepancies between the trends
observed in the competition coefficient calculations, which are estimates that are utilized to
compliment the experimental results, and the statistical analysis results, some general
conclusions can be made.

In summary, the competition coefficient calculation estimates suggested that

interspecific competition (the competition of V. cordata against I. purpurea) had a greater
effect on the heights of I. purpurea plants across treatments (root, shoot, and root and shoot)
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than the effect of intraspecific competition. This contrasts with the statistical analysis, which
demonstrated a stronger overall effect of intraspecific competition on the heights of /. purpurea
plants. Regarding the second response variable, number of leaves, both the competition
coefficient estimates, and the statistical analysis consistently indicated that intraspecific
competition had a stronger effect in reducing leaf count of I. purpurea plants above and below
ground.

For V. cordata plants, there were notable discrepancies between the trends observed
from the competition coefficient estimates and those obtained from the statistical analysis.
Root competition and shoot competition, both demonstrated that intraspecific competition had
a greater impact on the height of V. cordata plants than interspecific competition. Both, the
competition coefficient estimates, and the statistical analysis indicated that intraspecific
competition had a stronger effect on the heights of V. cordata plants. However, shoot
competition showed conflicting results: competition coefficient estimates indicated a stronger
effect from interspecific competition on the height of V. cordata plants, whereas the statistical
analysis indicated that intraspecific competition was more influential. The results for the
number of leaves were a lot more straightforward and both the competition coefficient
estimates and the statistical analysis findings suggest that intraspecific competition was greater
in root competition. However, for shoot competition and root and shoot competition,
interspecific competition was more intense. Thus, suggesting that the number of leaves
produced by V. cordata plants are reduced more when competing for shoot and root and shoot
resources in the presence of /. purpurea.

Interspecific and Intraspecific competition

These findings, although surprising, are congruent with past studies and attempts to
understand the full spectrum of competition interactions and their effects on plants(Goldberg
1992, Aguiar et al. 2001, Gustafsson and Ehrlén 2003,Kiaer 2013, Romillac 2023 ). Previous
studies looking at coexistence between shortgrass species, found evidence of intense
competition but no difference between intraspecific and interspecific competition (Aguiar et al.
2001). Their findings showed that the intensity of competition fluctuated over the plants' life
cycles, with interspecific and intraspecific competition affecting the response variables
differently over time (Aguiar et al. 2001). Taking into consideration the fact that this study took
place over a three-year experimental period, the findings of our study, align with their
observations. Furthermore, a study examining the response of population growth on
interspecific and intraspecific competition decrease found that vegetative growth of
established individuals were not significantly affected by the removal of interspecific or
intraspecific competition. Gustafsson & Ehrlen (2003) suggest there was no competition or a
delayed response to competition. Moreover, their findings indicated that a decrease of both
intraspecific and interspecific competition increased population growth of their target species,
but when interspecific competition was reduced alone it led to a decrease in population growth
(Gustafsson and Ehrlén 2003). These studies and our findings suggest that interspecific and
intraspecific competition alone may not determine coexistence. Instead, the interactions
occurring at various life stages (Aguiar et al. 2001, Gustafsson and Ehrlén 2003) and
environmental fluctuations likely contribute to maintaining stable coexistence (Chesson 1992).
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Above and below ground competition and niche segregation

Despite the variability in our findings, some of our results are consistent with previous
findings that root competition (treatment 1) and the additive effects of treatment 3 (root and
shoot competition) may have a stronger influence on plant growth (Casper 1997, Kiaer 2013).
Casper (1997) argues that below-ground competition has a stronger influence on plants
because below-ground plants compete for a broad range of soil resources, whereas above-
ground competition primarily involves a single resource which is sunlight. However, other
studies suggest that above-ground competition for light may reduce below-ground plant
responses (Gottlieb & Gruntman 2022), highlighting the importance of investigating the
combined effects of above- and below-ground competition. It is important to note that, despite
the lack of statistical significance in the effects of treatment 2 (shoot competition), this does
not accurately reflect a common interaction observes between these two plant species. In
unmanaged areas of our study site, it is common to observe the vine I.Purpurea wrapped
around a V. cordata plant and obstructing sunlight (X.Perez observations). A longer study may
be required to accurately capture the effects for treatment 2 (shoot competition) with these
two species. Additionally, although we did not study root architecture, morphology (Colom &
Baucom 2020), or soil nutrient gradients (Gottlieb & Gruntman 2022), we observed potential
niche segregation due to root architecture (X.P field observations). I. purpurea, a vine capable
of growing horizontally across the soil, has greater mobility, while V. cordata does not. We
noted that the roots of I. purpurea were shallow, potentially accessing nutrients in the topsoil,
whereas V. cordata had longer, thicker roots, possibly accessing soil nutrients at deeper levels.
Whether these observations on root architecture are a response to competition (Colom &
Bauco 2020) are beyond the scope of this study and warrant further investigation, as they may
constitute another mechanism enabling coexistence.

Limitations

The interpretation of results from this study is significantly constrained by the limited
data collection period of nine weeks during a single field season. Within this short timeframe,
critical transitional events such as I. purpurea tendrils wrapping around V. cordata, eventually
choking the plant and leveraging its height to latch onto nearby trees or coffee plants, were not
observed or captured in the data. This limitation may also explain why shoot competition did
not yield significant results in this study, suggesting that the effects of shoot competition could
potentially have a delayed response. Moreover, a comprehensive evaluation of all competition
combinations across seasons could have provided a more holistic understanding of plant
competition dynamics. Additionally, resource constraints in a remote field setting prevented
the assessment of biomass, which is typically used in plant competition studies to evaluate
treatment effects on roots, leaves, and stems, potentially enhancing result confidence and
statistical power. Furthermore, the material used as stakes may have further impacted /.
purpurea plants ability to climb up on to V. cordata and affect above-ground competition (Kiaer
2013). The smooth PVC pipes used may not have provided adequate grooves for I. purpurea to
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grip onto. Lastly, we faced a challenge in analyzing the effect of both competition type (inter vs.
intra) and the treatments (root, shoot, root and shoot) due to the set-up of the control data.
Having both, a treatment and competition type labeled as “control” in the data we would get
an error message when running the analysis. We were able to test the combined effects of
competition type (inter vs. intra) and the treatments (root, shoot, root and shoot), after when
removing the data for the control plants.

Weed Management Implication

Further evaluation is needed to understand the above- and below-ground competitive
interactions, including interspecific and intraspecific competition, between crop and non-crop
plants in agroecosystems, especially in agroecological and low input systems where herbicides
are not used. This approach is critical for assessing competition's broader impacts and dynamics
on food systems and biodiversity conservation. While not offering definitive management
recommendations, this study suggests that competition may enable non-crop plant coexistence
in tropical agroecosystems, as evidenced by below-ground and the cumulative effects of above
and below ground competition, and management by reducing plant growth. In Finca Irlanda,
elements of integrated weed management are already in practice. Though these plants are not
used for food or medicine, three key management practices were observed: implementing
canopy cover, maintaining a mosaic of vegetation growth levels, and mulching using cut weeds
to retain moisture and enrich soil nutrients (X.Perez observations). Thus, showing that weeds
(intentionally or not) are valuable to this agroecosystem. The suppressive effect of weeds in
shaded coffee agroecosystems is well-documented, although its significance was not observed
in this study (see supplemental material). Future research should continue to investigate
competition dynamics across tropical agroecosystems along with management practices by
rural and Indigenous farmers.

Conclusion

In general, our results do not fully support the classical predictions that in order for two
species with similar requirements to achieve coexistence, intraspecific competition must be
greater than interspecific competition (Tilman 1982). Nonetheless, our findings are significant
as few field experiments have explored intra- and interspecific competition alongside above
and below-ground interactions in tropical agroecosystem, particularly with native weed species.
The observed pattern may perhaps contribute to overall stable coexistence facilitated by these
complex competition interactions. Depending on whether competition occurs above or below
ground, different competitive types (inter vs. intra) may exhibit varying strengths. This study
suggests that coexistence might not solely depend on intraspecific competition but rather on
the combination of competitive interactions over time and space, including the influence of
canopy cover in reducing weed growth. Viewing coexistence mechanisms holistically captures
the dynamic interactions and relative strengths of these variables. This research contributes to
the understanding of competition mechanisms and their role in enabling coexistence and
natural weed management in agroecosystems. Further ecological research in tropical field
experiments is necessary to safeguard biodiversity conservation within food systems.

This study aims to provide further evidence that competition mechanisms can be
utilized for managing weeds in low-input food systems. It also underscores the role of
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Indigenous land management practices, which leverage plant knowledge and ecological
interactions to sustain multifunctional natural systems and promote their longevity.
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Figure 5: Boxplots of the final height measurements (a) and the final count for the number of leaves for Ipomoea
purpurea and Viguiera cordata.

Percent Canopy Cover Across blocks 1-6 for Height
(a)

| ' 1] 2 11 3
150 -
100 - I . . .
:i :E T i ;
— 50 | s | |E
£ 1711 ! : ‘
3 0 - Spacies
= [ F 1| : 1[ B D
oo - ‘
© 150 - | .
I ) : . ‘ g
L R | I ERRR RS : ,
: s . L] s |= ) | :: 4
- ] - - - -
. | . : s 3 ZIF'_K_J-_f—_—:_"‘—-l
50 P ;\,__\’;E_I\ ‘ i =
. ;1 oot P [

025 0.50 0.75 1.00 0.25 0.50 0.75 1.00 0.25 050 0.75 1.00

Percent Canopy Cover

26



(b)

Percent Canopy Cover Across Blocks 1-6 for Number of Leaves
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Figure 6: Percent canopy cover across all six blocks. Here we separated the two response variables to determine if
there was a significant effect from canopy cover on number of leaves (a) and height (b).
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Appendix

Appendix 1.1. Summary table for the statistical results for the generalized linear mixed-effects
models (GLMER) relating plant height and number of leaves to interspecific and intraspecific
competition, as well as, root competition, shoot competition, and root and shoot competition.
Boldface indicates significant effect p<0.05.

Plant Predictor Competition Coefficient Std. error Confidence P-value
Species Interval 95%
Ipomoea Height Treatment3  -0.50796 0.24595 0.990022+ 0.0389
purpurea (root and 0.025898
shoot
competition)
Treatment2  -0.48243 0.25795 0.023152+ 0.0615
(shoot -0.988012
competition)
Intraspecific  -0.4996 0.2265 -0.05566+ 0.0274
competition -0.94354
Number of Treatment3  -0.42242 0.17278 -0.0837712+ 0.0145
leaves (root and -0.7610688
shoot
competition)
Intraspecific  -0.33733 0.14963 -0.0440552+ 0.0242
competition -0.6306048
Viguiera  Height Intraspecific  -0.2632 0.1200 -0.028=% 0.0283
cordata competition -0.4984
Treatment3  -0.2867 0.1145 -0.06228+ 0.0122
(root and -0.51112
shoot
competition)
Number of Interspecific  -0.14185 0.08268 0.0202028+ 0.0862
leaves competition -0.3039028
Treatment3  -0.27785 0.14500 0.00635+ 0.0553
(root and -0.56205
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shoot
competition)

Appendix 1.2. Summary table for the statistical results from the pairwise post hoc test for the
combined effects on plant height and number of leaves from interspecific and intraspecific
competition, as well as, root competition, shoot competition, and root and shoot competition.
Boldface indicates significant effect p<0.05

Plant Predictor = Combined Coefficients Std. error Confidence P-value
Species competition Interval
95%

I[pomoea Number of Intraspecific 0.3716 0.169 0.70284+ 0.0277
purpurea leaves and 0.04036

treatment 3

(root and

shoot

competition)
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