Assessing the arthropod communities associated with non-crop
plant species in agroecosystems in Uruguay

Name student: Eloi Ryelandt
Period: January 2019 – October 2019

Farming Systems Ecology Group
Droevendaalsesteeg 1 – 6708 PB Wageningen - The Netherlands

Assessing the arthropod communities
associated with non-crop plant species in
agroecosystems in Uruguay

Name student: Eloi Ryelandt
Registration number: 960416720120
Course code: FSE-80436
Period: January 2019 – October 2019
Supervisors: Dr. ir. F.J.J.A. Bianchi (WUR), M. Scarlato Garcia (WUR & Universidad de la
República), L. Bao (Universidad de la República).
Professor/Examiner: Dr.ir. W.A.H. Rossing (WUR)
2

Abstract
Wild plant species provide different types of resources for arthropod communities. Resources such as
nectar, pollen, prey/host and shelter have an influence on the arthropod abundance on plants. However,
little is known about how reproduction habitat and non-reproduction habitat are related with specific
plant species. The objectives of this study were to analyse the arthropod communities on plant species
of two farms, one with organic, one with conventional management, and to identify the habitat
functionality (reproduction habitat versus non-reproduction habitat) of these plants. Arthropods were
sampled with a beat box in the non-crop vegetation between March and April 2019, with three rounds
of sampling per farm. Each day, thirty plant samples were sampled per species from 6 locations across
the farm, with four different plant species per farm. Arthropod specimens were identified at order,
family, genus, species level, sorted by life-stage (immature versus adult) and classified in functional
groups. Although pest abundance was higher in the conventional farm, the natural enemy abundance
was not significantly different between both farms. PCA analysis showed a correlation between the
aphid abundance and the abundance of ladybugs and lacewings. The round of sampling affected the
abundance of the phytophagous in the organic farm and the pests and the other arthropods in the
conventional farm. All the plant species studied were potential reproduction sites for natural enemies,
but Conyza bonariensis and Amaranthus retroflexus had the highest percentage of natural enemy
immatures. Thus, these plant species can be considered as the most suitable plants for natural enemy
reproduction habitat. Amaranthus retroflexus has been identified as an important reproduction habitat
for Orius spp. because all the natural enemy immatures present on the plants were Orius larvae. The
pest abundance on Eupatorium buniifolium was significantly higher at the conventional than at the
organic farm, while natural enemy abundances were not significantly different in both farms. This study
provides new information about the arthropod communities and habitat functionality for specific plant
species present in the non-cropped area of the farm.
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Introduction
During the last century, agricultural systems had to intensify in order to provide food for the growing
world population (Matson et al. 1997). Agricultural intensification has resulted in changes in agricultural
landscapes. For the efficient use of machinery, farm sizes were upscaled while natural areas were
fragmented and reduced, causing a simplification of the agricultural landscape (Gurr et al. 2017,
Crowder et al. 2014). Landscape simplification may have a negative impact on the level of natural pest
control (Rusch et al. 2016). As another consequence of the agricultural intensification, high-yielding
varieties in monoculture, fertilizers and pesticides have been introduced. The overuse of pesticides
causes loss of biodiversity, water contamination, pest resistance (Matson et al. 1997; Potts et al., 2010)
and health problems (Fantke et al. 2012). During last decades, multiple studies have shown a decline of
insect biomass and pollinators in Europe and in others part of the world (Hallmann et al. 2017,
Biesmeijer et al. 2006, Lister et al. 2018). Hence, agricultural intensification has enabled a remarkable
increase in food production, it has simultaneously contributed to loss of biodiversity and ecosystem
services (Crowder et al. 2014, Klein et al. 2006, Bianchi et al. 2006).
As most of the countries in Latin America, Uruguay has not been exempted from the global
intensification of farming systems. The south of Uruguay has the highest concentration of family farmers
in the country and many of them are producing vegetables. During the last decades, these family farmers
had to intensify and specialize their farming methods to maintain a steady income against the increase
of production costs and the decreasing market prices of the vegetables (Dogliotti et al. 2014). However,
the rising concerns related to the use of pesticides such as the reduction of natural enemies, pesticide
resistance and health issues are pushing farmers and researchers to find alternatives. A method to reduce
pest impacts without pesticides is the habitat management, a form of conservation biocontrol aiming to
create a suitable ecological infrastructure for enhancing natural enemies by providing resources such as
shelter and food (Landis et al. 2000). Although the habitat management and functionality has been well
studied (Bianchi et al. 2006, Gurr et al. 2017, Landis et al. 2000), there is still very few information on
this subject related to specific plant species in south Uruguay.
Organic and conventional management systems have been evaluated to compare their outcomes for
productivity and the wider society (Seufert et al. 2012, Bonti-Ankomah et al. 2006). The fact that
biodiversity offers more benefits in the organic management has been well documented and has mainly
be assessed at the field or landscape level (Hole et al. 2005, Purtauf et al. 2005, Mäder et al. 2002). Thus,
increasing the landscape heterogeneity by maintaining and restoring natural habitats and semi-natural
habitats has been proven to increase biodiversity in the agroecosystem (Tscharntke et al. 2016).
However, the increased biodiversity is not consistently supporting ecosystem services and achieving an
efficient biological control of the pests (Schellhorn et al. 2015). On one hand, natural habitats can
support natural enemy populations and reduce pest pressure, on the other hand natural habitats can also
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support higher pest populations and have a negative impact on the yield. This variability is explained by
the complexity of the interactions between the crops, wild plants, natural enemies and pests (Karp et al.
2018, Tscharntke et al. 2016). Recent studies are pointing at the importance of having specific guidance
to increasing the effectiveness of the natural habitat management to control pests (Schellhorn et al. 2015,
Tscharntke et al. 2016). In order to have an efficient biological pest control, it is necessary to know
which plant species is playing the role of reproduction habitat or shelter/feeding habitat for specific
natural enemies and pest species. For assessing the different habitat types, the presence of immatures
indicates a reproduction habitat, as well, the non-presence of immatures indicates that the plant is simply
a feeding/resting habitat. As insect immatures are wingless or with incompletely developed wings
(“Wings of Insects”, 2014), they are considered as less mobile. With more information on the type of
habitats and the resources, that plant species provide for arthropods, it is possible to manage natural
habitats to ensure a continuous amount of resources during the life-cycle of natural enemies, and
consequently improve the pest control services (Schellhorn et al. 2015).
The goals of this study are (i) to quantify the pests and natural enemy populations related to specific
non-cultivated plant species present on farm, following conventional and organic management, (ii) to
identify the functional habitat of these plants in terms of feeding and reproduction sites for the pests and
natural enemies, and (iii) to compare the pest and natural enemy abundances between the farms for the
plant species Eupatorium buniifolium. The hypothesis was that the pest and natural enemy populations
will be different between organic and conventional management. In comparison with the conventional
management, the organic farming would support more efficiently the natural enemies by using less
detrimental farming practices for the biodiversity (Tuck et al. 2014, Bengtsson et al. 2005, Lampkin
1990). Another hypothesis was that natural enemy abundance will be closely related with the pest
abundance. Natural enemies present in the semi-natural habitat will help to reduce the pest impact and
provide an efficient biocontrol in case of an outbreak of pests (Gurr et al. 2017). No clear hypothesis
could be made for the functional habitat aspect of the plant species as barely no literature was available
on this subject.

Materials and methods
Study region
The study was conducted in two farms in the department of Canelones, the main horticultural producing
region of Uruguay (Ceballos, 2017), which is located approximately 50 km from the capital city
Montevideo. In Canelones, horticulture production is mostly ensured by family farms (Dogliotti et al.
2014). The study area is characterised by a temperate sub-humid climate with a mean annual temperature
of 16.5°C and a mean annual precipitation of 1220 mm, with a relatively even distribution throughout
the year but with major variation between the years (INIA, 2019; Castaño et al. 2011). One farm was
5

organically managed (Farm 1: 34°28’04”S 55°58’00”W) and the other conventionally managed (Farm
2: 34°34’07”S 56°07’14”W). The two farms were located 18 km apart, so they were sharing the same
climatic conditions.
Experimental design
Arthropods were sampled from the dominant plant species present in the patches of vegetation located
at the outer edges of cultivated fields. To be eligible for selection, the focal plant species had to be
abundant in different farm locations and to flower during the sampling period. Although the landscape
composition of the two farm types was quite similar, both farms had similar type of greenhouse and
field crops. The crops in greenhouses were mainly tomatoes and sweet peppers and the field crops were
different types of Cucurbitaceae species. The farms had also a similar pattern of non-cropped area
composed of grasses, wild flowers and shrubs around the cropped area (Appendix I). Most of the plant
species were not abundant enough for being selected to conduct the experiment in both farms, except
Eupatorium buniifolium, which was well distributed in both farms (Table 1). Vegetation patches were
based on criteria of being close to the fields and form homogeneous blocks or strips of at least 20m2. In
order to standardize the plant selection, the plant selected had always the same development stage and
similar size.

Table 1 Details of the selected wild plant species for the organic and conventional farm
Management Common name

Latin name

Family

Organic

Chirca

Eupatorium buniifolium

Asteraceae

Organic

Thornapple

Datura ferox

Solanaceae

Organic

Pigweed

Amaranthus retroflexus

Amaranthaceae

Organic

Groundcherry

Physalis spp

Solanaceae

Conventional

Chirca

Eupatorium buniifolium

Asteraceae

Conventional

Wild carrot

Daucus carota

Apiaceae

Conventional

Argentine fleabane

Conyza bonariensis

Asteraceae

Conventional

Goldenrod

Solidago spp

Asteraceae

Arthropod sampling and identification
Arthropod communities on focal plant species were sampled three times per farm. For the organic farm,
the three rounds took place at the end of March, early April and mid-April. For the conventional farm,
the rounds were conducted at the beginning and at the end of March, and early April. This represents
the cropping periods of the late summer and beginning of autumn. Arthropods were collected with the
beat box technique, which consisted of beating the selected plant 10 times with a stick to dislodge the
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arthropods and to collect them in a white plastic box (box dimension: 35cm long, 26cm large and 22cm
deep). Then, the arthropods were rapidly put in a plastic bag for allowing identification in the laboratory.
Arthropods that flew away or were stuck in the box were recorded directly in the field. This technique
was inspired from the beat sheet method, which proved to be more efficient and accurate than the visual
counting method (Deutscher et al. 2003). At the end of each sampling day, the samples were stored in a
freezer until further processing. Sampling was conducted on dry and calm conditions, which means that
there was no rain and that the wind was not too strong during the sampling day. All the sampling days
had similar climatic conditions (INIA, 2019) (Appendix II). Each day of sampling resulted of sampling
4 different plant species in 6 spatial replications across each farm and with 5 replicates per location. In
total, 720 samples were taken (4 plant species x 6 locations x 5 replicates x 2 farms x 3 days). Arthropods
were identified under microscope in the laboratory. For the data analysis, thirty-five classes of
arthropods were identified to the order, family and species taxonomic level in function of the
identification difficulty, clustered in four functional groups (pests, phytophagous, natural enemies and
other arthropods). Moreover, the life stage was assessed (immature versus adult; Table 2).

Table 2 Functional groups of arthropods
Pests

Phytophagous

Natural enemies

Others

Aleyrodidaead

Miridaead

Araneae*ad

Tetrachynidaead

Aphididaead,im

Rhopalidaead

Coccinelidaead,im

Dipteraad

Thysanopteraad

Membracoideaad,im Carabidaead

Coleopteraad,im

Diabrotica speciosaad Chrysomellidaead

Mantodeaad

Collembolaad

Pentatomidaead

Orthopteraad

Neuropteraim

Formicidaead

Terebrantiaad

Curculionidaead

Oriusad,im

Cerambicidaead

Epicauta adspersaad

Nitidulidaead

Microhymenopteraad Cantharidaead

Tingidaead

Hymenopteraad

Bruchinaead

Hemipteraad,im

Anthicidaead
Geometridaeim
Lepidopteraim
ad = adult, im = immature, *All Araneae were considered as adults
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Data analysis
To evaluate reproduction and adult feeding/resting habitats of the arthropod species, they were divided
into two groups: (i) adult and immature (i.e. combined stages) and (ii) immatures only. The combined
group of adult and immature was useful to measure the pest pressure or the pest control potential (for
natural enemies), whereas the immature groups indicate whether a plant functions as reproduction
habitat or not. No distinction was made between immature and adult spiders because some spider species
can disperse at the immature stage, so the presence of immature spider on a specific type of plant does
not prove necessarily that the plant acts as reproduction habitat (Bianchi et al. 2012). Therefore, all the
spiders were considered as adults in this study. Arthropods were analysed as count data.
Three different data analyses were conducted. Initially, normalities of the data were tested with a
Shapiro-Wilk test. Pest, natural enemy, phytophagous and other arthropod abundance were not normally
distributed, even after transformation (log and root square) (P-value <0.01). In the first analysis, the
overall abundance of pests, natural enemies, phytophagous and other arthropods was investigated.
Mann-Whitney tests were used to compare the pest and natural enemy abundances between the two
farms. The association of the arthropod community and host plant species was analysed using a principal
component analysis (PCA). Finally, the effects of the time of sampling was tested with Kruskal-Wallis
tests to assess if they were fluctuations between pest, natural enemy, phytophagous and other arthropod
abundances during the sampling season. The analysis was conducted for both farms separately and
focussed on the changes in abundances between the three sampling rounds.
A second analysis focussed on assessing the type of habitat functionality of the host plants. Natural
enemy : pest ratios were calculated as: natural enemy abundance / pest abundance. Then, the ratios were
log transformed for a better visual evaluation. Kruskal-Wallis tests were used to check whether ratios
were different between plant species. In the case they were significantly different, groups were formed
and ranked with pairwise Wilcoxon rank sum test, adjusted by a Bonferroni correction. The analysis of
the immature percentages in the natural enemies, phytophagous and other arthropods provided further
insight on the habitat functionality of the plant species. The percentage of pest immature was not
analysed because no immatures were recorded for this functional group.
A third analysis focused on the comparison of the functional group abundances between the organic and
conventional farm for the only plant species present on both farm types: Eupatorium buniifolium. MannWhitney tests were used to test the difference of abundance between organic and conventional farms.
The proportion of pests, natural enemy immatures and natural enemies in the arthropod communities
were also tested for the different farms.
Data analysis was performed by using current versions of the above-mentioned R packages. The
following R packages were used: “ggplot2” (Wickham et Chang, 2016), “dplyr” (Wickham et al., 2015),
“MASS” (Ripley et al., 2013), “factoextra” (Kassambara et Mundt, 2017).
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Results
A total of 720 beat box samples was taken from wild plants in field borders resulting in 19126
specimens: 14296 specimens from the conventional farm (mean ± SEM: 39.711 ± 3.196, range 0-590)
and 4830 specimens from the organic farm (mean ± SEM: 13.416 ± 1.357, range 0-384; Fig 1). Overall,
aphids (Aphididae) was the dominant arthropod group making up 65% of the specimens followed by
the immature Hemiptera (9%) and the spiders (Araneae) (6%) (See details in appendix III).

Organic

Conventional

13%

14%
5%

10%

7%
54%
23%

Pests

Natural enemies

74%

Phytophagous

Others

Pests

Natural enemies

Phytophagous

Others

Fig 1 Proportions of functional groups in the organic (n=4830) and conventional (n=14296) farm.
Percentages are indicated.
Pest abundance was significantly higher in the conventional farm than in the organic (P < 0.01), however
the natural enemy abundance was not significantly different in both farms (P = 0.124). Kruskal-Wallis
test indicated that both, pest and natural enemy abundances were significantly different between the
plant species (P < 0.01; Fig 2).
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Figure 2 Arthropod abundance (adult and immature combined) on host plant species for pests (black)
and for natural enemies (grey). Error bars represent the SEM. Plant species coding: Eb (Eupatorium
buniifolium), Df (Datura ferox), Ar (Amaranthus retroflexus), P (Physalis spp), Dc (Daucus carota), Cb
(Conyza bonariensis), S (Solidago spp).

The PCA analysis, focussing on the relation of functional groups of arthropods and plant species,
indicated a positive association between the number of aphids (Aphidideae), lacewings (Neuroptera)
and ladybug (Coccinellidae), the latter two being known for being aphid predators (Fig 3). The
information about plant species was not showing any significant relationship, so they were removed of
the PCA for improving the graphic visibility.
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Figure 3 PCA of pest and natural enemy species in both farms (organic and conventional). The first axis
(x) and second axis (y) are explaining 11% and 9% of the variance in the dataset (total of variance
explained: 20%).

In the conventional farm, pest and other arthropod abundances were significantly influenced by the
round of sampling (P < 0.01), while natural enemy and phytophagous abundances were not (P=0.1012,
P=0.613). In the organic farm, pest, natural enemy and other arthropod abundances were not
significantly influenced by the date of sampling (P=0.2103, P=0.737, P=0.3883), however,
phytophagous abundance was influenced by the round of sampling (P < 0.01) (Fig 4).
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Figure 4 Arthropod abundance of the functional groups during the sampling season for the two farms.

In the second analysis, Kruskal-Wallis test indicated a significant difference between the ratios (natural
enemy abundance/pest abundance) when related to plant species (P < 0.01). Overall, the proportion of
pests was almost always higher than the proportion of natural enemies for all the plant species.
Furthermore, a Wilcoxon rank sum test sorted the plant species in four groups (Fig 5). Conyza
bonariensis had the lowest ratio (d) of both farms. The group with the second lowest ratios (c) was
composed of two plant species present in the conventional farm: Eupatorium buniifolium and Daucus
carota. The third group with the second highest ratios (a) included Eupatorium buniifolium from both
farms, Solidago and Physalis. The species with the highest ratios (b) were Datura ferox and Amaranthus
retroflexus and were present in the organic farm (See appendix IV for the Wilcoxon test).
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Figure 5 Log transformed ratios of natural enemy abundance on pest abundance between the different
plant species. Plant species coding: Eb (Eupatorium buniifolium), Df (Datura ferox), Ar (Amaranthus
retroflexus), P (Physalis spp), Dc (Daucus carota), Cb (Conyza bonariensis), S (Solidago spp). The
coding of the group sorted by the Wilcoxon rank sum test is situated above the boxplot and marked by
the letters (a, b, c, d).

Eupatorium buniifolium (in the organic farm), Datura ferox, Daucus carota and Solidago supported a
low percentage of immature natural enemies (around 5%). On the contrary, Amaranthus retroflexus,
Physalis, Eupatorium buniifolium (in the conventional farm) and Conyza bonariensis, which supported
a higher percentage of immatures (between 10% and 25%; Fig 6).
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Figure 6 Percentage of the immatures in the natural enemies for different plant species in both farms.
Plant species coding: Eb (Eupatorium buniifolium), Df (Datura ferox), Ar (Amaranthus retroflexus), P
(Physalis spp), Dc (Daucus carota), Cb (Conyza bonariensis), S (Solidago spp). n=90 for each plant
species. *NE = natural enemies.

The third analysis aimed to compare the functional group abundances between the two farms for
Eupatorium buniifolium. Different Mann-Whitney tests indicated that pest abundances were
significantly different between the farms (P-value < 0.05) although the natural enemy abundances were
not significantly different (P-value = 0.064; Fig 7). Moreover, no significant difference between
abundances of natural enemy immatures were found between the farms (P-value = 0.801).
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A)

B)

Figure 7 Comparison of pest and natural enemy abundances for conventional and organic farm. A) pest
abundances are significantly different (P < 0.05), log transformed for better visual observation, B)
natural enemy abundances are not significantly different (P = 0.064).

Discussion
Understanding the underlying relations between pests and natural enemies is essential for managing
ecosystem services in order to reduce pest impact on crops. Key findings of this study are that (i) pests
per species were more abundant in the conventional farm than in the organic farm although natural
enemies were not significantly different in both farms. Both, pest and natural enemy abundances were
significantly different between the plant species. The sampling round significantly influenced the pest
and the other arthropod abundances in the conventional farm and phytophagous arthropod abundance in
the organic farm. The other functional groups kept a steady abundance during the different sampling
rounds (ii) Physalis, Amaranthus retroflexus and Conyza bonariensis were supporting higher
percentages of natural enemy immatures and could be considered as the best reproduction site for natural
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enemies, and (iii) for the Eupatorium buniifolium case, pest abundance was significantly higher in the
conventional farm than the organic, while natural enemies were not significantly different between both
farms.
The total pest abundance was significantly higher in the conventional farm due to the high number of
aphids. Aphids represent a main problem in the horticultural production, although from the 450 species
related to crop plants, only 100 species are considered as economic pests (Van Emden and Harrington,
2017). The aphids are often related to specific host plants or group of plants, but some species can also
be polyphagous. It was not possible to distinguish aphid species during the counting due to the
identification difficulty and a lack of time. Therefore, an estimation of the percentage of aphids
considered as pest or non-pest with the help of literature was conducted. The percentages of potential
aphid pest species for the different host plants were variating from 0% (Eupatorium buniifolium) to 50%
(Physalis spp) (Appendix IV). This estimation shows that the potential aphid impact would be lower
than what results showed, however the most conservative choice was taken, which was the assumption
that all the aphids were pests. In contrast, total natural enemy abundance was not significantly different
on both farms. Natural enemies were not influenced by the higher abundance of pests on the
conventional farm, even if it meant more potential prey for them. However, the relation between
ladybug, lacewing and aphid abundance suggested by the PCA, supports the hypothesis that the pests
and natural enemy abundance are directly linked (Letourneau, 1998), which can reduce the pest
abundance to an acceptable threshold. Thus, non-pest aphid species can support populations of
aphidophagous natural enemies before the appearance of pest aphid species (Amaral et al. 2013). The
sampling round affected the arthropod abundance of some functional groups, such as pests and other
arthropods in the conventional farm and phytophagous arthropods in the organic farm. Difficulties
remain in defining the influence of sampling rounds as the functional groups responded differently
between farms and sampling rounds.
The ratios analysis showed that pests were always more abundant than natural enemies, but there were
dissimilarities between species ratios. Amaranthus retroflexus and Datura ferox were in a group with
the highest ratios, followed by Solidago spp, Physalis and Eupatorium buniifolium on both farms, the
third group was Eupatorium buniifolium (conventional) and Daucus carota, and the last group with the
lowest ratio was Conyza bonariensis. These ratios are informative for understanding the relation of pests
and natural enemies for these specific plant species in the context of organic or conventional
management. In general, plant species from the organic farm had a higher proportion of natural enemies
versus pests. For the functional habitat assessment, all the plant species can be categorised as
reproduction habitat because natural enemy immatures were found on each species. Two species
(Amaranthus retroflexus, Conyza bonariensis) had a particularly high percentage of natural enemy
immatures, and therefore, could be considered as effective reproduction habitat for arthropod species
such as ladybugs, lacewings and minute pirate bugs. However, the species composition was different
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for the plant species. The most abundant species of natural enemy immatures on Conyza bonariensis
were coccinellids and lacewings, which are directly influenced by the important number of aphids found
on this plant species (mean of aphids per plant = 68.7, n = 90). Furthermore, Conyza bonariensis is
known to support populations of aphid natural enemies and can be implemented in the design of
conservative biological control program targeting aphids (Manfrino et al. 2011). Amaranthus retroflexus
natural enemy immature population was composed of 100% of minute pirate bug larvae, which means
that Amaranthus retroflexus is a specific reproduction habitat for Orius spp., a natural enemy of aphids
and thrips. All the plant species can be considered as feeding/resting habitat for the main pests and
natural enemies of this study because of the important presence of adults on each species.
Besides prey, natural enemies rely on floral nectar and pollen as additional food source from the noncropped plant species (Gurr et al. 2017). Although nectar resources can greatly benefit natural enemies,
many factors influence the capacity of the plant to effectively supply the natural enemies in nectar. Plant
species of this studies have varying traits (Appendix VI) and therefore, interact differently with the
natural enemies (Campbell et al. 2017). For example, the wide and shallow morphology of the Daucus
carota flower permits easy access of natural enemies for feeding on the nectar (Sivinski et al. 2011).
For the Eupatorium buniifolium case, the abundance of natural enemies was not significantly different
between the farms, but the pest abundance was significantly higher in the conventional farm. The
conventional farm had a higher pest abundance because of the aphids, although the organic farm was
supporting more Diabrotica speciosa. This can cause big yield loss for maize, cucurbits and soybean
due to the adults feeding on the foliage (Walsh, 2003). Aphids may be more efficiently regulated on the
organic farm, however, it is not directly due to a more important abundance of natural enemies on the
plants. It could be related to the organic practices, which tend to increase biodiversity (Bengtsson et al.
2005) and tend to reduce pest abundances (Zehnder et al. 2007). In both farms, pesticide applications
were minimized, but the substances used in the organic farm were less harmful for the biodiversity than
in the conventional farm (Appendix VII). A previous study performed in the same context from midNovember 2018 to end of January 2019 showed that aphids only represented 10% of the total of pests
captured by sticky traps (Fogliato 2018). The hypothesis for the difference in aphid abundances between
this study and the one by Andrea Fogliato can be due to the difference of sampling method (Klueken et
al. 2008). The sticky traps are only capturing flying aphids which are adults, whereas the beatbox method
can capture all the aphids present on the plant without distinction between the life-stage. In term of
functional habitat, both farms were supporting natural enemy immatures similarly, therefore, there was
no difference as reproduction habitat.
A limitation of the study was the somewhat coarse categorisation of arthropod species in the different
functional groups. For example, the arthropods put in the “Phytophagous” category were arthropods
which could feed on crops but were not causing yield loss enough to be considered as pests. Another
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example was the choice of putting the ants as “Others” because they could be considered as pests,
phytophagous or natural enemies in function of the species. Laboratory identification of species would
have taken too much time due to the large amount of species and variations inside the same species. The
same problem occurred with aphids for the species and life-stage identification, but in that case, all
aphids were considered as adult pests. Overall, the choices to categorize the arthropods in functional
groups were as conservative as possible. With the conservative decisions, the number of pests were
overestimated, and can present a more pessimistic version of reality. Another limitation was that the
life-stage assessing process was sometimes imprecise. For example, all the spiders were considered as
adults because some species disperse at the immature stage (Bianchi et al. 2012). This implies that it
was impossible to identify the reproduction habitat for the spiders. A third limitation of the study was
that only two farms were used in the experiment. With this number of farms, no general comparison
between the type of management is possible because of the pseudo replication of the samples. Although
one farm was managed organically and the other farm was managed conventionally, all the comparisons
of abundance indicated in this study are only valid for these specific farms and cannot be generalized
for the rest of organic and conventional management.
In conclusion, the findings of this study show that pest abundance varies between these specific farms
but not the natural enemy abundance. Furthermore, functional habitats for reproduction and
feeding/resting are related with plant species but also with the other arthropod abundances. The findings
of this study are supporting the conclusion of the meta-analysis from Karp et al. (2018), which identify
that non-crop habitats are not consistently enhancing the pest management because of the complex
interactions between all the organisms involved in the pest control. It would be very interesting to
conduct a follow-up study aiming to compare the effect of plants of this study on the pest damage caused
by arthropods. The goal would be to link the information on the arthropod communities acquired in this
study, with the data from the pests and the damages on the crops. To strengthen the findings of this
study, additional research at a larger scale with more farms involved will be necessary. For further
studies with similar experimental design, it is important to pay attention at selecting farms with same
plant species in the different management types to make significant comparisons.
The insights of this study can help to recommend specific practices for the Uruguayan farmers to
improve the pest management, but some experimentation and choice might be necessary. For example,
Amaranthus retroflexus plants were identified as good reproduction habitat for Orius spp., which can
prevent aphid and thrip outbreaks. Therefore, a logical advice could be to keep the Amaranthus species
in the non-cropped area. However, Amaranthus retroflexus is a weed and is responsible for yield loss
due to the competition with the field crops. Then, the farmer is facing a dilemma and has to choose what
strategy will be the most beneficial. Another example are the plant species such as Conyza bonariensis,
Daucus carota and Eupatorium buniifolium, which supported a big population of aphids and
aphidophagous arthopods. These plants can be considered essential for maintaining the natural enemies
18

throughout the season, but they can also be considered as the sources of infestations of aphids in crops
if the natural predators failed to control the population outbreak. In Uruguay, Eupatorium buniifolium
is widespread in natural grassland (Grossi et al. 2011) and in the agricultural landscape, therefore, it
would be very interesting to conduct further research to identify the aphid species present on this plant
species. The results of future research can be important for the creation of an effective habitat
management strategy for helping the Uruguayan farmers to control pests. If the aphid species identified
on Eupatorium buniifolium are not able to colonize crops, this plant can be useful for providing resources
to the aphidophagous arthropods. As the pest management with biocontrol strategies is a complex topic,
it would be recommended the farmer to try different strategies and assess the efficiency directly on the
field.

Acknowledgements
I would like to thank Mariana Scarlato for all the support and the very attentive supervision during my
stay in Uruguay, as well as Leticia Bao for helping with the arthropod identification and the advice on
the insect capture methodology. I would like also to thank Felix Bianchi for his great help and
supervision throughout all the process of this thesis. Finally, I would like to thank the Uruguayan farmers
that were involved in the project for letting me conduct my experiment on their farms and their warm
welcome.

19

References
Amaral, D. S., Venzon, M., Duarte, M. V., Sousa, F. F., Pallini, A., & Harwood, J. D. (2013). Non-crop
vegetation associated with chili pepper agroecosystems promote the abundance and survival of aphid
predators. Biological Control, 64(3), 338-346.
Bengtsson, J., Ahnström, J., & Weibull, A. C. (2005). The effects of organic agriculture on biodiversity
and abundance: a meta‐analysis. Journal of applied ecology, 42(2), 261-269.
Bentancourt, C. M., & Scatoni, I. B. (2010). Guía de Insectos y Ácaros de importancia agrícola y forestal
en el Uruguay; Tercera edición. Universidad de la República, Fac. de Agronomía, Montevideo, 2010.
Bianchi, F. J., Booij, C. J. H., & Tscharntke, T. (2006). Sustainable pest regulation in agricultural
landscapes: a review on landscape composition, biodiversity and natural pest control. Proceedings of
the Royal Society B: Biological Sciences, 273(1595), 1715-1727.
Bianchi, F. J., Schellhorn, N. A., & Cunningham, S. A. (2012). Habitat functionality for the ecosystem
service of pest control: reproduction and feeding sites of pests and natural enemies. Agricultural and
Forest Entomology, 15(1), 12-23.
Biesmeijer, J. C., Roberts, S. P., Reemer, M., Ohlemüller, R., Edwards, M., Peeters, T., ... & Settele, J.
(2006). Parallel declines in pollinators and insect-pollinated plants in Britain and the Netherlands.
Science, 313(5785), 351-354.
Bonti-Ankomah, S., & Yiridoe, E. K. (2006). Organic and conventional food: a literature review of the
economics of consumer perceptions and preferences. Organic Agriculture Centre of Canada, 59, 1-40.
Campbell, A., Wilby, A., Sutton, P., & Wäckers, F. (2017). Getting more power from your flowers:
Multi-functional flower strips enhance pollinators and pest control agents in apple orchards. Insects,
8(3), 101.
Castaño, J. P., Giménez, A., Ceroni, M., Furest, J., Aunchayna, R., & Bidegain, M. (2011).
Caracterización agroclimática del Uruguay 1980-2009 (No. 551.58: 631 CAR).
Ceballos, F. (2017). Demand and Design Considerations for Smallholder Farmers' Weather Index
Insurance Products (Doctoral dissertation, Georg-August-Universität Göttingen).
Crowder, D. W., & Jabbour, R. (2014). Relationships between biodiversity and biological control in
agroecosystems: current status and future challenges. Biological Control, 75, 8-17.
Deutscher, S., Dillon, M., McKinnon, C., Mansfield, S., Staines, T., & Lawrence, L. (2003). Giving
insects a good beating. The Australian Cottongrower, 24(3), 24-28.

20

Dogliotti, S., García, M. C., Peluffo, S., Dieste, J. P., Pedemonte, A. J., Bacigalupe, G. F., ... & Rossing,
W. A. H. (2014). Co-innovation of family farm systems: A systems approach to sustainable agriculture.
Agricultural Systems, 126, 76-86.
Fantke, P., Friedrich, R., & Jolliet, O. (2012). Health impact and damage cost assessment of pesticides
in Europe. Environment international, 49, 9-17.
Fogliato, A. (2019). Patterns of Insects Associated with Cucurbitaceae Fields in Canelones, Uruguay
(master’s thesis). Wageningen University and Research. The Netherlands
Gurr, G. M., Wratten, S. D., Landis, D. A., & You, M. (2017). Habitat management to suppress pest
populations: progress and prospects. Annual review of entomology, 62, 91-109.
INIA,

2019.

Información

del

clima:

INIA

Las

Brujas;

Desde

2000

hasta

2019

http://www.inia.uy/gras/Clima/Banco-datos-agroclimatico
Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan, H., ... & Goulson, D. (2017).
More than 75 percent decline over 27 years in total flying insect biomass in protected areas. PloS one,
12(10), e0185809.
Hole, D. G., Perkins, A. J., Wilson, J. D., Alexander, I. H., Grice, P. V., & Evans, A. D. (2005). Does
organic farming benefit biodiversity?. Biological conservation, 122(1), 113-130.
Holman, J. (2009). Host plant catalog of aphids. Springer.
Hillocks, R. J. (2012). Farming with fewer pesticides: EU pesticide review and resulting challenges for
UK agriculture. Crop Protection, 31(1), 85-93.
Karp, D. S., Chaplin-Kramer, R., Meehan, T. D., Martin, E. A., DeClerck, F., Grab, H., ... & O’rourke,
M. E. (2018). Crop pests and predators exhibit inconsistent responses to surrounding landscape
composition. Proceedings of the National Academy of Sciences, 115(33), E7863-E7870.
Kassambara, A., & Mundt, F. (2017). Package ‘factoextra’. Extract and visualize the results of
multivariate data analyses, 76.
Klein, A. M., Vaissiere, B. E., Cane, J. H., Steffan-Dewenter, I., Cunningham, S. A., Kremen, C., &
Tscharntke, T. (2006). Importance of pollinators in changing landscapes for world crops. Proceedings
of the royal society B: biological sciences, 274(1608), 303-313.
Klueken, A. M., Hau, B., Koepke, I., & Poehling, H. M. (2008). Comparison of techniques to survey
populations of cereal aphids (Homoptera: Aphididae) in winter cereals during autumn and spring with
special consideration of sample size. Journal of Plant Diseases and Protection, 115(6), 279-287.
Lampkin, N. (1990). Organic farming. Springer.
21

Landis, D. A., Wratten, S. D., & Gurr, G. M. (2000). Habitat management to conserve natural enemies
of arthropod pests in agriculture. Annual review of entomology, 45(1), 175-201.
Letourneau, D. K. (1998). Conservation biology: lessons for conserving natural enemies. In
Conservation biological control (pp. 9-38). Academic Press.
Lister, B. C., & Garcia, A. (2018). Climate-driven declines in arthropod abundance restructure a
rainforest food web. Proceedings of the National Academy of Sciences, 115(44), E10397-E10406.
Mäder, P., Fliessbach, A., Dubois, D., Gunst, L., Fried, P., & Niggli, U. (2002). Soil fertility and
biodiversity in organic farming. Science, 296(5573), 1694-1697.
Mañay, N., Rampoldi, O., Alvarez, C., Piastra, C., Heller, T., Viapiana, P., & Korbut, S. (2004).
Pesticides in Uruguay. In Reviews of environmental contamination and toxicology (pp. 111-138).
Springer, New York, NY.
Manfrino, R. G., Salto, C. E., & Zumoffen, L. (2011). Estudio de las asociaciones áfidos-entomófagos
sobre Foeniculum vulgare (Umbelliferae) y Conyza bonariensis (Asteraceae) en la región central de
Santa Fe, Argentina. Revista de la sociedad entomológica argentina, 70(1-2), 99-109.
Matson, P. A., Parton, W. J., Power, A. G., & Swift, M. J. (1997). Agricultural intensification and
ecosystem properties. Science, 277(5325), 504-509.
Potts, S. G., Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W. E. (2010). Global
pollinator declines: trends, impacts and drivers. Trends in ecology & evolution, 25(6), 345-353.
Pimentel, D., Hepperly, P., Hanson, J., Douds, D., & Seidel, R. (2005). Environmental, energetic, and
economic comparisons of organic and conventional farming systems. Bioscience, 55(7), 573-582.
Purtauf, T., Roschewitz, I., Dauber, J., Thies, C., Tscharntke, T., & Wolters, V. (2005). Landscape
context of organic and conventional farms: influences on carabid beetle diversity. Agriculture,
Ecosystems & Environment, 108(2), 165-174.
Tscharntke, T., Karp, D. S., Chaplin-Kramer, R., Batáry, P., DeClerck, F., Gratton, C., ... & Martin, E.
A. (2016). When natural habitat fails to enhance biological pest control–Five hypotheses. Biological
Conservation, 204, 449-458.
Tuck, S. L., Winqvist, C., Mota, F., Ahnström, J., Turnbull, L. A., & Bengtsson, J. (2014). Land‐use
intensity and the effects of organic farming on biodiversity: a hierarchical meta‐analysis. Journal of
applied ecology, 51(3), 746-755.
Ripley, B., Venables, B., Bates, D. M., Hornik, K., Gebhardt, A., Firth, D., & Ripley, M. B. (2013).
Package ‘mass’. Cran R.

22

Rusch, A., Chaplin-Kramer, R., Gardiner, M. M., Hawro, V., Holland, J., Landis, D., ... & Woltz, M.
(2016). Agricultural landscape simplification reduces natural pest control: a quantitative synthesis.
Agriculture, Ecosystems & Environment, 221, 198-204.
Sarkar, D. (2008). Lattice: multivariate data visualization with R. Springer Science & Business Media.
Schellhorn, N. A., Gagic, V., & Bommarco, R. (2015). Time will tell: resource continuity bolsters
ecosystem services. Trends in ecology & evolution, 30(9), 524-530.
Seufert, V., Ramankutty, N., & Foley, J. A. (2012). Comparing the yields of organic and conventional
agriculture. Nature, 485(7397), 229.
Sivinski, J., Wahl, D., Holler, T., Al Dobai, S., & Sivinski, R. (2011). Conserving natural enemies with
flowering plants: Estimating floral attractiveness to parasitic Hymenoptera and attraction’s relationship
to flower and plant morphology. Biological Control, 58(3), 208-214.
Van Emden, H. F., & Harrington, R. (Eds.). (2017). Aphids as crop pests. Cabi.
Walsh, G. C. (2003). Host range and reproductive traits of Diabrotica speciosa (Germar) and Diabrotica
viridula (F.)(Coleoptera: Chrysomelidae), two species of South American pest rootworms, with notes
on other species of Diabroticina. Environmental entomology, 32(2), 276-285.
Wickham, H., Chang, W., & Wickham, M. H. (2016). Package ‘ggplot2’. Create Elegant Data
Visualisations Using the Grammar of Graphics. Version, 2(1), 1-189.
Wickham, H., Francois, R., Henry, L., & Müller, K. (2015). dplyr: A grammar of data manipulation. R
package version 0.4, 3.
Zehnder, G., Gurr, G. M., Kühne, S., Wade, M. R., Wratten, S. D., & Wyss, E. (2007). Arthropod pest
management in organic crops. Annu. Rev. Entomol., 52, 57-80.
(2004) Wings of Insects. Encyclopedia of Entomology. Springer, Dordrecht

23

Appendix I: Farm maps
Appendix I.A: Overview of the conventional farm, with the sampling locations, cucurbits fields and greenhouses.
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Appendix I.B: Overview of the organic farm, with the sampling locations, cucurbits fields and greenhouses.
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Appendix II: Meteorological data from the INIA meteorological station of “Las Brujas” during the six
sampling days of the experiment.
Sampling

Thermal variation Daily precipitation Mean temperature Wind speed

day

(°C)

(total mm/day)

(°C) (24 hours)

(2m/km/24h)

10-04-19

12.7

1

20.1

115.3

03-04-19

6.7

0

19.1

165.3

02-04-19

12.3

0

23.4

146.6

27-03-19

11.4

0

16.1

165.3

19-03-19

5.5

0

18.7

180.3

06-03-19

14.4

0

24.7

143.4

Source: http://www.inia.uy/gras/Clima/Banco-datos-agroclimatico (INIA, 2019)

Appendix III: Data of the pests and natural enemies.
a) Pests
Plant speciesManagementAleyrodidae Aphididae ThysanopteraDiabrotica PentatomidaeTerebrantia Epicauta adspersa
Total
Eupatorium buniifolium
Organic
0
1373
3
135
2
15
0
Datura ferox Organic
1
103
0
76
22
7
0
Amaranthus Organic
spp
0
166
3
109
9
21
0
Physalis spp Organic
0
441
1
70
36
7
2
Eupatorium buniifolium
Conventional
0
2332
6
23
2
13
0
Daucus carota
Conventional
0
1417
15
12
1
5
0
Conyza bonariensis
Conventional
0
6185
16
3
1
4
0
Solidago sppConventional
0
494
1
13
1
7
0

Mean
1528
209
308
557
2376
1450
6209
516

17,0
2,3
3,4
6,2
26,4
16,1
69,0
5,7

b) Natural enemies
Plant speciesManagementMicrohymenoptera
Araneae
*CoccinelidaeNeuroptera *Anthocoridae
Mantodea
Eupatorium buniifolium
Organic
153
150
16
8
4
Datura ferox Organic
35
149
11
0
45
Amaranthus Organic
spp
65
125
2
0
160
Physalis spp Organic
22
59
28
1
64
Eupatorium buniifolium
Conventional
84
146
12
12
0
Daucus carota
Conventional
33
209
19
5
15
Conyza bonariensis
Conventional
19
102
69
10
6
Solidago sppConventional
28
189
3
4
0

Carabidae
0
0
1
0
1
0
0
0

Total
0
2
0
5
0
0
0
0

Mean
331
242
353
179
255
281
206
224

3,7
2,7
3,9
2,0
2,8
3,1
2,3
2,5

*Adults and immatures combined
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Appendix IV: Pairwise comparisons using Wilcoxon rank sum test.
data: LogRatioNat.pest and Species
Cb

Eb (conv.)

Eb (org.)

S

P

Ar

Df

-

-

Eb (conv.)

2.5e-08

-

-

-

-

Eb (org.)

1.4e-14

0.17186

-

-

-

-

-

S

8.1e-15

0.06271

1.00000

-

-

-

-

P

7.4e-14

0.71320

1.00000

1.00000

-

-

Ar

< 2e-16

7.5e-10

6.4e-05

0.00086

1.3e-06

-

-

Df

< 2e-16

1.6e-09

0.00010

0.00165

3.6e-06

1.00000

-

Dc

2.2e-09

1.00000

0.00201

0.00047

0.01562

5.0e-13

-

5.8e-13

Plant species coding: Eb (Eupatorium buniifolium), Df (Datura ferox), Ar (Amaranthus retroflexus), P
(Physalis spp), Dc (Daucus carota), Cb (Conyza bonariensis), S (Solidago spp).

Appendix V: Potential pest species for aphids.
Plant species

Potential total*

Pest species**

Percentage***

Eupatorium buniifolium

5

0

0%

Datura ferox

11

3

27%

Amaranthus retroflexus

15

4

27%

Physalis spp

2

1

50%

Daucus carota

31

4

13%

Conyza bonariensis

7

3

43%

Solidago spp

9

1

11%

*Number of all the potential aphid species (Holman 2009) **Number of the aphid species considered
as pests in Uruguay (Bentancourt and Scatoni 2010) ***Percentage of Pest species column/Potential
total
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Appendix VI: Inflorescence picture of the plant species studied.
Daucus carota1

Datura ferox2

Solidago spp3

Eupatorium buniifolium5

Amaranthus retroflexus6

Physalis spp7

Conyza bonariensis4

Sources:
1

http://wildadirondacks.org/adirondack-wildflowers-queen-annes-lace-daucus-carota.html

2

http://www.freenatureimages.eu/Plants/Flora%20DI/Datura%20ferox/index.html#Datura%2520ferox%25206%252C%2520Saxifraga-Rutger%2520Barendse.jpg
3

https://www.wikiwand.com/en/Solidago

4

http://www.freenatureimages.eu/Plants/Flora%20C/Conyza%20bonariensis,%20South%20American%20horse
weed/index.html#Conyza%2520bonariensis%25204%252C%2520Gevlamde%2520fijnstraal%252C%2520Saxif
raga-Rutger%2520Barendse.jpg
5

https://commons.wikimedia.org/wiki/File:EUPATORIUM_BUNIIFOLIUM.JPG

6

https://plantsam.com/amaranthus-retroflexus/

7

https://es.wikipedia.org/wiki/Physalis_ixocarpa#/media/Archivo:Physalis-philadelphica-1010897.JPG
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Appendix VII: List of the products used on both farms
Organic farm
Type of
product

Application

Commercial name

Active substance

Fungicide
Fungicide

Foliar
Foliar

Milk + Bicarbonate
-

Milk + Bicarbonate
Copper

Fungicide
Insecticide
Insecticide

Foliar
Foliar
Foliar

Baicen
Protek

Type of
product

Application

Commercial name

Active substance

Insecticide

Foliar

Lorsban

Chlorpyrifos

Insecticide

Foliar

Clorfenac

Fungicide
Fungicide

Irrigation
Irrigation

Xavante plus
Ziltop

Chlorfenapir
Propamocarb hydrochloride
+ Fluopicolide
Thiophanate-methyl

Insecticide

Foliar

Abatop

Abamectin

Oil

Foliar

Aceite de verano

Paraffin

Fungicide

Foliar

Switch

Ciprodinil + Fludioxinil

Fungicide

Foliar

Azufre

Sulfur

Fungicide

Foliar

Milk + Bicarbonate

Milk + Bicarbonate

Fungicide
Fungicide
Herbicide
Herbicide
Herbicide
Herbicide
Herbicide
Herbicide

Foliar
Foliar
-

Quadris
Bellis
Glyphosate
Linurex
Prodigio
Goal preemergente
Agil
Verdict

Azoxistrobina
Boscalid, Pyraclostrobin
Glyphosate
Linuron
Aclonifen
Oxifluorfen
Propaquizafop
Haloxyfop-methyl

Sulfur
Matrine
Vegetal oil
Conventional farm

Use
Powdery
mildew
Powdery
mildew
All insects
All insects

Use
Tuta
absoluta
Tuta
absoluta
Soil fungus
Soil fungus
Tuta
absoluta
Tuta
absoluta
Powdery
mildew
Powdery
mildew
Powdery
mildew
Powdery
mildew
Botrytis
-
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Appendix VIII: Graphics illustrating the arthropod communities
Appendix VIII.A: Arthropod communities of the conventional farm

Appendix VIII.A.1: Histogram of the pests in
the conventional farm. Showing the distribution
of pests found per sample.

Appendix VIII.A.4: Histogram of the other
arthropods in the conventional farm. Showing the
distribution of other arthropods found per sample.

Appendix VIII.A.2: Histogram of the natural
enemies in the conventional farm. Showing the
distribution of natural enemies found per sample.

Appendix VIII.A.5: Boxplot of the number of
pests in the conventional farm. Showing the
number of pests per round.

Appendix VIII.A.3: Histogram of the
phytophagous in the conventional farm. Showing
the distribution of phytophagous found per sample.

Appendix VIII.A.6: Boxplot of the number of
natural enemies in the conventional farm. Showing
the number of natural enemies per round.
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Appendix VIII.A.7: Boxplot of the number of
pests in the conventional farm. Showing the
number of phytophagous per round.

Appendix VIII.A.8: Boxplot of the number of other
arthropods in the conventional farm. Showing the
number of other arthropods per round.

Appendix VII.B: Graphics of the arthropod communities for the organic farm.

Appendix VIII.B.1: Histogram of the pests in
the organic farm. Showing the distribution of
pests found per sample.

Appendix VIII.B.3: Histogram of the
Appendix VIII.B.2: Histogram of the natural
phytophagous in the organic farm. Showing the
enemies in the organic farm. Showing the
distribution of natural enemies found per sample. distribution of phytophagous found per sample.

31

Appendix VIII.B.4: Histogram of the other
arthropods in the organic farm. Showing the
distribution of other arthropods found per sample.

Appendix VIII.B.7: Boxplot of the number of
phytophagous in the organic farm. Showing the
number of phytophagous per round.

Appendix VIII.B.5: Boxplot of the number of
pests in the organic farm. Showing the number
of pests per round.

Appendix VIII.B.6: Boxplot of the number of
natural enemies in the organic farm. Showing the
number of natural enemies per round.

Appendix VIII.B.8: Boxplot of the number of
other arthropods in the organic farm. Showing
the number of other arthropods per round.
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Appendix VII.C: Graphics of the arthropod communities for the plant species

Appendix VIII.C.1: Boxplot of the number of
pests in the conventional farm. Showing the
number of pests per plant species1.

Appendix VIII.C.3: Boxplot of the number of
natural enemies in the conventional farm. Showing
the number of natural enemies per plant species1.

Appendix VIII.C.2: Boxplot of the number of
pests in the organic farm. Showing the number of
pests per plant species2.

Appendix VIII.C.4: Boxplot of the number of
natural enemies in the organic farm. Showing the
number of natural enemies per plant species2.

1

Plant species in the conventional farm: argentine fleabane: Conyza bonariensis, chircas: Eupatorium buniifolium, goldenrod: Solidago spp, wild carrot: Daucus carota

2

Plant species in the organic farm: chircas: Eupatorium buniifolium, groundcherry: Physalis spp, pigweed: Amaranthus retroflexus, thornapple: Datura ferox
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