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1. Introduction

The global population growth has stimulated the intensification of crop production and the use of pesticides.
For most countries detailed information about pesticides is not available. In Mexico the use of pesticides
during 2014 was estimated in 98 814 tons of insecticides (33%), herbicides (27%) and fungicides (40%)
(FAOSTAT, 2017). The use of pesticides in Mexico lacks of the adequate monitoring strategies and regulatory
schemes (Arellano and Rendon, 2016). The Official Catalogue of Pesticides has not been updated since 2004; it
includes at least 30 pesticides that are banned in other countries due to their potential toxicity including
glyphosate (COFEPRIS, 2017). Glyphosate (N-(phosphonomethyl) glycine) is the active component of the
worldwide most heavily used herbicide (Benbrook, 2016). Glyphosate has been prohibited in Belgium,
Denmark, France, Sti Lanka, Salvador and The Netherlands while other countries had chosen to restrict its use.

As a non-selective herbicide, glyphosate has the potential to affect a broad spectrum of plants (Krieger, 2001).
Glyphosate is delivered on the plant leaves by spraying applications. The solution can reach the soil surface via
spray-drift or after being washed off from the leaves (Kremer et al., 2009). Once absorbed in the foliar tissues,
glyphosate will move through the phloem and translocate in the meristems (Franz and Sikorski, 1997).
Additionally, the roots of treated plants may release glyphosate in the soil spreading the phytotoxic effect to
non-target plants (Neumann et al, 2006). The mode of action is by disruption of the shikimate pathway
(Steinriicken and Amrhein, 1980), a metabolic route for the biosynthesis of aromatic amino acids
(phenylalanine, tyrosine, and tryptophan) which are precursors of vital plant products involved in growth,
development, reproduction, defence, and environmental responses (Maeda and Dudareva, 2012).

Several of the chemicals present in pesticides may become soil contaminants particularly when the
recommended doses are exceeded. The fate pathways of glyphosate in soil are mineralization, immobilization
or leaching (Mamy et al. 2005). Degradation of glyphosate into its major metabolite aminomethylphosphonic
acid (AMPA), is mainly carried out by microbial mechanisms (Kryuchkova et al., 2014). The half-life of
glyphosate in soils ranges from few days up to two or three months (Andrea et al. 2003), after 90 days, it is
expected that approximately 40-50% of the glyphosate will be degraded into AMPA (Gimsing et al., 2004).
Extensive use of glyphosate may lead to AMPA accumulation in soils, as it is more persistent than glyphosate
(Mamy et al. 2005).

The growing trend in glyphosate use has contributed to increase the release of pollutants to the environment
and the exposure to glyphosate, AMPA and other additives present in commercial formulas (Benbrook, 2016).
The potential impact of glyphosate on the soil biota include changes in microbial activities and populations
(Dunfield and Germinda, 2004). Due to the moderate rate of degradation of glyphosate and its strong sorption
with soil particles, the risk of leaching is often assumed to be low (Mamy et al., 2005). In the soil surface, these
residues are transported to surrounding water bodies via run-off (Borggaard and Gimsing, 2008) or through
macropore flow when present in the root zone (Laitinen et al., 2007). Glyphosate and AMPA are water soluble
suggesting a persistence of several weeks in aquatic environments (Giesy et al., 2000).

The Yucatan Peninsula (YP) is located in south-eastern Mexico comprising the states of Yucatan, Campeche,
and Quintana Roo. People in the rural communities still depending directly or indirectly on agriculture for their
livelihood. The traditional agriculture has been facing a transition towards the expansion of the agro-industrial
model which is characterized by the use of improved seeds, machinery and agrochemicals to maximize crop
yields. In the municipality of Hopelchen the agro-industrial model has progressed more than in any other
agricultural zone of Campeche (Ellis et al., 2015). Pesticides are used intensively in crops of maize, sorghum
and tomato among others (Dominguez and Sabatino, 2005). Glyphosate proliferation has been emphasized by
the implementation of transgenic crop species such as soybeans developed with specific resistance to this
herbicide (Atellano and Rendon, 2016).



The soils of this region (karstic) are highly permeable, with a thin organic layer, allowing the infiltration of
water into groundwater which is the main supply of freshwater in the YP. Current knowledge about glyphosate
is insufficient and the lack of information is particularly notorious for the main source of glyphosate
contamination in Campeche: the agricultural fields. In this context, it is relevant to investigate the
concentration of glyphosate in soils and plants samples from agroecosystems with intensive management, those
in transition and, in the adjacent natural vegetation. The aim of this research was to investigate the glyphosate
and AMPA concentrations on soil samples and plants collected in the rain fed corn farms, technified soybeans
systems and the natural vegetation in Hopelchen, Mexico.

2. Background information

2.1. Glyphosate

N-(phosphonomethyl) glycine is a derivate of the amino acid glycine. It is an odoutless white crystalline solid
that consist of one basic amino function and three ionisable acid sites. The herbicidal properties of glyphosate
were discovered by Monsanto chemist John E. Franz in 1970 and four years later it was released in the marked
under the name Roundup (Dill et al., 2010). Fast symptom liquid formulations increase the contact of the
herbicide with the plant cells. These formulations may contain water-soluble salts or other derivatives of
glyphosate and, surfactants as POEA (Polyoxyethyleneamine or polyethoxylated tallow amine) to facilitate the
penetration of the leaves’ waxy layers (Sihtmie et al.,, 2003). In the developing countries, the application of
more concentrated glyphosate-based products is a common practice. Continuous applications trigger the
emergence of weed phenotypes with high resistance or low sensitivity to glyphosate. In order to deal with the
persistent weeds, farmers increase the rate of glyphosate applications or they mix it with different herbicides
(Mortensen at al., 2012; Heap, 2014).

The herbicidal activity is based on distuption of the shikimate pathway, this is achieved by inhibiting the
enzyme 5-enolpyruvylshikimate 3-phosphate synthase (EPSP) (Steinriicken and Amrhein, 1980). In plants the
shikimate pathway is responsible for the synthesis of the aromatic amino acids L-Tryptophan, L-phenylalanine,
and L-tyrosine which are essential constituents of proteins leading to produce phytochemicals like pigments,
alkaloids, hormones, and cell wall components (Maeda and Dudareva, 2012). Plants, fungi, algae and several
microorganisms use this metabolic route but absent in animals so the essential aminoacids are obtained from
the diet. After entering the plant cell, glyphosate is translocated in the phloem from the leaves to the apical
meristems and root meristems (Shaner, 2009). At this point, glyphosate can be released through the roots and
when it reaches non-target plants, inhibitory effects on the shikimate pathway, on uptake of micronutrients,
and plant growth are expected (Neumann et al., 2000).

Soil bacteria and fungi play an important role on the degradation of glyphosate by means of two pathways, one
synthetizing intermediates of sarcosine and glycine and the other leading to the formation of its major
metabolite: aminomethylphosphonic acid (AMPA) (Kryuchkova et al., 2014). In further steps, AMPA is
degraded into inorganic phosphate and methylamine ultimately forming simple carbon and nitrogen
metabolites (Gimsing et al., 2004). The rate of this process increases with temperature and it varies in response
to the soil type and the topographical features influencing water availability (Stenrod et al, 20006). In
comparison to other pesticides, glyphosate present strong sorption characteristics, the molecules are sorbed by
anion exchange processes in the soil minerals and trough hydrogen bonds in the organic matter (Veiga et al.,
2001).

The assessment of herbicide eco-toxicity under field conditions is usually challenging, effects of glyphosate on
the composition, diversity and biomass of the edaphic fauna seems to be dose-dependent but the response in
the long term it is not well understood yet (Nguyen et al., 2016). The presence of glyphosate and AMPA in



water sources have been frequently reported, the residues are transported from terrestrial to aquatic
environments by leaching through the soil and by overland flow (Borggaard and Gimsing, 2008; Bai and
Ogbourne, 2016). A relationship between the presence of the POEA in glyphosate-based formulas and the
toxicity in the aquatic organisms has been suggested (Edginton et al., 2004; Moore et al., 2012). However, the
toxicity levels are not exclusively mediated trough the presence of this surfactant, the effect of other additives
in the composition of the particular formulation should also be considered (Sihtmie et al., 2013).

In the classification of organophosphate pesticides published in 2015 by the IARC (International Agency for
Research on Cancer), glyphosate was classified in the Group 2A (Guyton et al., 2004). This means that there is
sufficient evidence of glyphosate carcinogenicity in animals to consider it “probably carcinogenic to humans”.
Oppositely, the European Food Safety Authority (EFSA) (2015) emitted a report indicating that glyphosate is
unlikely to be carcinogenic and recommended to the IARC to perform a more extensive study of the relevant
information. Cleatrly, there is no consensus about the effects of glyphosate on human health.

2.2.Problem description

In the state of Campeche, the progress of mechanized agriculture, livestock and urbanization have resulted in
an annual deforestation rate of -0.74% from 1976 to 2005, higher than the national average of -0.43% for the
period 2000-2010 (Esparza and Martinez, 2011). Furthermore, a wide variety of synthetic substances is used for
pest control in the agricultural fields. Pesticides are defined as ‘any substance, or mixture of substances of
chemical or biological ingredients intended for repelling, destroying or controlling any pest, or regulating plant
growth’ (FAO and WHO, 2004). In 2010 Campeche had one of the highest rates of poisoning due to pesticide
exposure in Mexico (Gutiérrez, 2013).

The introduction of transgenic soybeans in Campeche has promoted the expansion and intensification of
glyphosate use nevertheless, it is important to mention that glyphosate is not exclusively applied in the soybean
fields. Given the importance of apiculture in the regional economy, local beekeepers have hold their position
against the indiscriminate use of pesticides and particularly against GMO crops. Since 2010 strong declines of
the hives and acute intoxication were detected allegedly due to the contamination with pesticides (Gomez,
2016). Furthermore, pollen of the GMO plants was traced in the honey, situation that represent a
disadvantaged position in the market of exportations. The local producers made a legitimate requested to
prohibit the cultivation of soybean in Campeche and Yucatan, in November of 2015 Yucatan and The
Supreme Court of Justice of the Nation annulled the concession granted to the Monsanto.

Arellano and Rendon (2016) collected samples of water from rivers, sea and lagoons of the YP that were
analysed to determine the presence of pesticides. Glyphosate was detected in all samples, the highest
concentration corresponds to samples collected in Yucatan followed by Champoton river and Terminos lagoon
(both located in Campleche). Glyphosate was also found in the Caribbean Sea, these loads might have their
origin in the golf courses from Quintana Roo. There is relevant evidence about the intensive use of pesticides
in the YP and the situation of glyphosate in Campeche is emphasized given the fact that 30 years ago it was not
reported in the list of the most widely used herbicides (Arellano and Rendon, 2010).



3. Materials and methods
3.1. Study area

This study was conducted in the Mennonite community ‘Las flores’ and in the ‘Ejido Chenco’, both located in
Hopelchen. Hopelchen is one of the 11 municipalities that comprises the Mexican state of Campeche (18 © 57
'and 20 ° 10" north latitude; 89 © 24 'and 90 ° 06' west longitude) with altitude of 100-200 m.a.s.l. The averages
of annual temperatures range from 26° to 28°C and rainfall fluctuate between 800 and 1000 mm. Most
precipitation falls during September while March is the driest month. The dominant soil type in Hopelchen is
leptosol (50.2%) and to a lesser amount vertisol and luvisol (INEGI, 2009). The climate of Hopelchen has
been categorized as Aw (Tropical savannah climate or tropical wet and dry climate) by the Koéppen-Geiger
system (INEGI, 2014). The main type of vegetation is semi-deciduous tropical forest associated with shrub and
tree secondary vegetation.

The local economy is based on agriculture, livestock and forestry (INEGI, 2016). According to data from
INEGI (2014) the cultivated area in Campeche during 2013 accounted for 275 968 ha, with the most important
crops being maize, sorghum and soybeans with 182 067, 17 817 and 15 704 ha respectively. From the total land
dedicated to maize cultivation in Campeche, approximately the 34% correspond to Hopelchen (61 593 ha) with
a production volume of 225 711 tons. In the case of soybeans, the municipality contributed with 6 851 ha
representing the 43% of the total cultivated land in the Campeche for this crop and a production volume of 12
123 tonnes. All the maize and soy production in Hopelchen rely on rainfall. Beekeeping is another important
component of the local economy. This activity is integrated to other local traditional agroecosystems that make
use of the forest resources in the peripheries of the communities (Gomez, 2016). In 2002 a total of 2 296 tons
of honey were produced in Hopelchen, in the subsequent years the production fell off and by 2011 beekeepers
achieved only 480 tons INEGI, 2016).

Until 2010, the municipality had a total of 37 777 inhabitants. Perez et al. (2015) characterized the rain fed corn
farmers in the state of Campeche and concluded that most of them are of Mayan descent, their level of
education is five years and often low income. Most farms are in transition with yields ranging from two to five
tons per ha and an average cultivated area of 9 ha. The population in Hopelchen was predominantly Mayan
until 1990 but by 2010 the 12% of the population was constituted by the Mennonite groups (INEGI 2016),
they own or rent most of the mechanized land used for the production of soybeans (Gomez, 2016).

This study is part of a larger research project investigating the interaction between pesticides and the functional
diversity of soil macroinvertebrates in agtricultural sites of Campeche. In order to obtain samples from the two
types of agroecosystems and the natural area, a total of 12 parcels were selected. The selection consisted of four
representative parcels of a) the corn farms in Chenco, b) the soybean fields in the ejido Las Flores and c¢) the
natural vegetation (consisting of the bordering vegetation from two parcels in both Chenco and Las Flores).
The selection was based on the information obtained from prospective interviews in which seven owners per
crop type have participated.

According to the respondents, all the parcels have been under mechanization for intervals ranging from 10 to
20 years. Dose and frequency of glyphosate applications is the same in both agroecosystems (3 times per crop
cycle at dose of 3 1/ha). In the maize fields the product used is ‘Diablosato’ (Isopropylamine salt of N-
(phosphonomethyl)-glycine) which has been provided by the government to support farmers. The owners of
the soybean fields indicated that they use ‘Faena’ (potassium salt of N-(phosphonomethyl)-glycine), the
product is acquired in agricultural input stores. The differences among crop types are related to the
management practices, the intensity of pesticide use and the parcel size. For a constant parcel size, it has been
chosen an extension of 2 Ha for maize and 30 Ha for soybean. The parcels included within each agroecosystem
are similar with regard to the land use history, extension, soil type and surrounding natural vegetation.



3.2. Sampling methods

In each parcel, five monoliths of surface area 25 x 25 cm and 25 cm depth were obtained in accordance with
the international method TSBF (Anderson and Ingram, 1993). Due to the characteristics of the fields, two
spatial arrangements for the establishment of monoliths where chosen. In the soybeans fields and in the natural
vegetation, samples were collected in 500 m transects at each 100m (Figure 1). The maize fields are relatively
smaller and of irregular shape hence, monoliths were obtained in the corners and center of a frame with an area
100 x 100 m. In order to avoid the border effect, the sampling sites were carefully established near to the
central part of the patrcel and in the natural vegetation at a distance of 5 meters from the fields. Annex 1
contains the description and coordinates of the monoliths.

Figure 1. Spatial arrangements for the establishment of monoliths.
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3.3. Sample collection

a. Soil samples

The soil of each monolith was inspected for the presence of soil macroinvertebrates and samples were
collected for further identification and quantification. Nevertheless, this data is not included in this report. A
total of 60 samples were collected (five samples per parcel) for the determination of glyphosate and AMPA
concentrations. Each sample consisted of 500 g of the inspected soils collected in a plastic bag and
subsequently stored in a portable fridge.

b. Plant samples

Leave samples were obtained from the closest plant to the monolith. As shown in figure 1, four plant samples
were collected in each parcel (the samples corresponding to the last monolith were not included) hence, a total
of 48 plant samples were obtained for glyphosate and AMPA determination. Young leaves were preferably
selected and deposited in paper bags. In the parcels of Chenco and Las Flores all the samples correspond
successively to maize and soybeans. In the natural vegetation the samples correspond to representative species.



3.4. Sample preparation

Sample preparation took place in the soil laboratory of El Colegio de la Frontera Sur Unidad Campeche
(located in the city of Campeche, Mex). The containers and tools were cleaned after processing a sample to
prevent contamination. The processed samples were air-transported to the Netherlands.

a. Soil samples

The samples were dried at room temperature for one week. Subsequently, the soil samples were grinded and
sieved. From each sample, four grams of the processed soil were packaged inside a plastic bag.

b. Plant samples

The leaves were dried in an oven at a temperature of 35°C for 48 hours. The dried leaves were crushed into
powder with a mortar, the powder was placed in plastic back.

3.5. Glyphosate and AMPA determination

Glyphosate and AMPA concentrations were determined by LC-MS/MS using an XBridge™ Shield RP C18
column. The methods and procedures used in this study were carried out as described by Yang et al. (2015).
The limits of detection (LOD) (the lowest concentration reliably detected) for glyphosate and AMPA were
obtained from Bento et al. (2016). The LOD for glyphosate was 0.024 mg kg~! and 0.036 mg kg~! for AMPA.
Annex 2 contains all the results obtained for glyphosate and AMPA per monolith.

3.6. Statistical analysis

a. Soil samples

Mean values and standard error of the means were estimated for the soil samples that shown glyphosate and
AMPA concentrations within the limits of detection. Comparisons between agroecosystems (soybeans and
maize) were only possible for the variable AMPA. According to the results of the Shapiro-Wilk test (Annex 3),
the available samples do not follow a normal distribution (P= <0.001) therefore, the means were compared
with the Mann-Whitney U test, the significance level was set at 5% (Annex 4). The analyses were carried out in
Genstat 18 edition.

b. Plant samples

The results of the plant samples were not included in the statistical analysis due to lack of reliability, the
majority of the plant samples presented concentrations of AMPA and glyphosate below the limits of detection.
The residues were only detected in few samples from soybean parcels, mean glyphosate concentration was 2.77
* 1.67 mg kg-! (n=4). AMPA was detected only in two samples with concentrations of 0.44 and 0.69 mg kg-'.



4. Results
4.1. Glyphosate in soil samples

Glyphosate was detected (>LOD) in nine samples collected across parcels 1 (n=3), 3 (n=5) and 4 (n=1) with
soybean cultivation, maximum and minimum values of glyphosate concentration for each parcel was 0.05 and
0.39 mg kg-!. The average concentration of glyphosate for soil samples in the soybean crop was 0.21 £ 0.10 mg
kg-1. In maize cultures, glyphosate values were under the limit of detection (see annex 2).

Table 1. Average glyphosate concertation in soil samples per soybean parcel and total (n = number of samples)

Crop Parcel # n Glyphosate
1 3 0.39
2 - <LOD
Soybean 3 5 013
4 1 0.05
Total 9 0.21

4.2. AMPA in soil samples

The presence of AMPA in soil was detected for all the parcels from both soybean and maize crops. Figure 2
shows the average concentration of AMPA in soil per crop type. In the soybean fields 17 soil samples were
found to contain AMPA corresponding to two samples from parcel 2 and five samples from each of the three
remaining parcels in Las Flores. The average concentration was 0.35 £ 0.11 mg kg-! with values per parcel
ranging from 0.05 to 0.66 mg kg-1.

Eight samples from the maize fields contained AMPA, four were collected in parcel 3, two in parcel 1 and one
in both parcel 2 and 4. The average concentration in the maize fields was 0.08 £ 0.01 mg kg-!, concentrations
per individual parcel were between 0.06 and 0.11 mg kg-!. According to the results of the Mann-Whitney U
test, differences between the average concentration of AMPA in soil of maize and soybean parcels are
significant (P = 0.011).

Figure 2. Average concentration of AMPA in soil samples across two crop types (Bars represent standard error of
the means).
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5. Discussion

The occurrence of AMPA in the soybean and maize parcels indicate that glyphosate is being applied in both
agroecosystems. Under the warm and rainy conditions present in the study area, the dissipation of glyphosate
and AMPA is expected to be fast (Bento et al., 2016). Glyphosate was only detected in the soybean fields, the
incidence of glyphosate in soils that have been collected approximately two months after the crop
establishment may indicate the presence of glyphosate-resistant plants. The transgenic variety enables the
possibility to apply glyphosate along the crop cycle (interval of six months) suggesting intensive or continue
applications of the herbicide. Furthermore, the persistence of glyphosate is expected to be higher in soil when
treated plants are left on the surface because the trapped residues are not readily available to soil
microorganisms (Mamy et al., 2016). After soybean cultivation, farmers grow sorghum in the parcels from Las
Flores. This could also contribute to the results obtained in this study, if glyphosate is being applied at least
before crop establishment.

The difference in AMPA concentration of soils from the maize and soybean seems to be related to the
management practices. However, the behaviour and fate of glyphosate and AMPA is complex and
multifactorial (Todorovic et al., 2013). The concentration of AMPA in soils of the maize fields was four times
smaller than the one found in the soybean fields. In the maize fields, glyphosate applications take place before
starting the crop cycle (this was approximately two months before sample collection) and most farmers only
grow maize once per year due to the rain dependence. Glyphosate sprayed in these fields have already been
degraded into AMPA, the high persistence of AMPA compared with glyphosate have been reported in other
studies (Roy et al., 1989; Grunewald et al., 2001; Mamy et al., 2016). Furthermore, the parcels with soybean
cultivation show more variation with regard to AMPA concentrations. These differences suggest less
homogeneity in the amount and concentrations of the glyphosate-based products used in the soybean fields.
According to the farmers, different glyphosate-based herbicides are used in the studied agroecosystems,
comparison are challenging since the chemical identity of these formulations is confidential.

Most of the available studies dealing with the occurrence of glyphpsate and AMPA have been conducted for
environmental water samples (Guo et al., 2016; Mortl, et al., 2013; Sanchis et al., 2012; Hao et al., 2011; Qian et
al; 2009; Battaglin et al., 2009; Struger et al., 2008; Skark et al., 1998). The results of Arellano and Rendon
(2016) for the water samples collected in Campeche indicate that glyphosate concentrations are between 1.5
and 2.75 mg L1, Peruzzo et al. (2008) determined the concentration of glyphosate in soils near to transgenic
soybean fields in north Argentina, the doses 1.5 kg ha! and 1.0 kg ha' were respectively applied one and two
months after the sowing date, glyphosate concentrations were between 0.5 and 5.0 mg kg''. In forest soils from
north-west Spain treated once after planting with glyphosate-based herbicide at dose of 5-8 1 ha',
concentrations of 0.14 and 0.11 mg kg' were detected respectively for glyphosate and AMPA (Viega et al.,
2001). The first study corresponds to the area with highest agricultural production in Argentina and the second
to a silvicultural system, differences between the concentrations of AMPA might be related to the intensity and
frequency of herbicide applications. The concentration of glyphosate obtained in this study for the soybean
fields is higher than in the forest soil but below the range found for Argentinian soils. The concentration of
AMPA in the forest soil is similar to the results of the maize fields but lower when compared with the soybean
tields.

As previously mentioned, the risk of glyphosate residues leaching is supposed to be low but vertical
transportation of glyphosate and AMPA in soils have been demonstrated (Busse et al., 2001; Landry et al., 2005
Mortl, et al., 2013 Sanchis et al., 2012). The adsorption of glyphosate is influenced by physical soil conditions
such as structure, organic matter content and water infiltration rate (Veiga et al.,, 2001; Kjaer et al. 2005;
Candela et al. 2007). In karstic environments, such as in the YP, the aquifers and coastal ecosystem are
vulnerable to pollution due to the high infiltration rate and rapid flow of these soils (Aranda-Cirerol et al.,



2011). Further studies are required for evaluating the concentration of Glyphosate and AMPA in groundwater.

With respect to the natural vegetation Glyphosate and AMPA were not detected in the soil and plant samples.
This might mean that the applications of glyphosate do not reach these areas but other conjectures are
possible. In the natural vegetation, the higher microbial activity is expected to increase the dissipation of
glyphosate and AMPA. It will also be difficult to detect residues of the herbicide if the content in the samples is
below the limits of detection.

6. Conclusions

Glyphosate-based herbicides are being used for weed management in maize and soybean fields. The differences
between these agroecosystem seems to be related to the management practices. In the technified
agroecosystem (soybean), glyphosate and AMPA concentrations in soils corresponds to herbicide use
intensification along the crop cycle or the year. In the semi-technified maize farms, glyphosate was not detected
and AMPA concentrations was four times smaller than the one found in soybean fields suggesting less
intensive herbicide use. The determination of glyphosate and AMPA concentrations in the local
agroecosystems and surrounding natural vegetation is an essential step to recognize the impact of different
agricultural practices. The intensification of crop production should be pursued in a sustainable manner in
order to prevent and reduce environmental pollution.
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8. Annex

Annex 1. Description and coordinates of the monoliths.

(*NV = natural vegetation, M=maize and S= soybean)

Site Type of vegetation* | Parcel | Monolith | N Coordinate | O Coordinate | Soil sample ID | Plant sample ID
Chenco NV 3 1 19°24'51.67" 89°47'46.38" 1 61
Chenco NV 3 2 19°24'52.28" 89°47'44.67" 2 62
Chenco NV 3 3 19°24'50.26" 89°47'39.69" 3 63
Chenco NV 3 4 19°24'49.25" 89°47'37.13" 4 64
Chenco NV 3 5 19°24'48.84" 89°47'29.85" 5
Chenco NV 4 1 19°26'10.26" 89°48'41.33" 6 65
Chenco NV 4 2 19°26'7.57" 89°48'45.47" 7 66
Chenco NV 4 3 19°26'6.26" 89°48'47.44" 8 67
Chenco NV 4 4 19°26'5.16" 89°48'49.78" 9 68
Chenco NV 4 5 19°26'10.32" 89°48'49.81" 10

Flores NV 1 1 19° 8'41.19" 89°54'48.73" 11 69
Flores NV 1 2 19° 8'43.56" 89°54'45.72" 12 70
Flores NV 1 3 19° 8'45.29" 89°54'42.75" 13 71
Flores NV 1 4 19° 8'46.64" 89°54'39.63" 14 72
Flores NV 1 5 19° 8'48.86" 89°54'36.68" 15

Flores NV 2 1 19°12'13.35" 89°53'47.71" 16 73
Flores NV 2 2 19°12'16.17" 89°53'45.04" 17 74
Flores NV 2 3 19°12'18.39" 89°53'42.52" 18 75
Flores NV 2 4 19°12'20.63" 89°53'39.82" 19 76
Flores NV 2 5 19°12'22.62" 89°53'37.09" 20

Chenco M 1 1 19°25'24.17" 89°48'51.75" 21 71
Chenco M 1 2 19°25'23.24" 89°48'48.46" 22 78
Chenco M 1 3 19°25'27.03" 89°48'50.29" 23 79
Chenco M 1 4 19°25'26.29" 89°48'47.57" 24 80
Chenco M 1 5 19°25'25.52" 89°48'49.26" 25

Chenco M 2 1 19°24'41.15" 89°47'48.43" 26 81
Chenco M 2 2 19°24'42.89" 89°47'51.38" 27 82
Chenco M 2 3 19°24'40.45" 89°47'52.64" 28 83
Chenco M 2 4 19°24'39.34" 89°47'49.95" 29 84
Chenco M 2 5 19°24'40.77" 89°47'50.82" 30

Chenco M 3 1 19°24'39.85" 89°47'46.09" 31 85
Chenco M 3 2 19°24'39.02" 89°47'42.69" 32 86
Chenco M 3 3 19°24'36.95" 89°47'43.54" 33 87
Chenco M 3 4 19°24'37.39" 89°47'46.25" 34 83
Chenco M 3 5 19°24'38.24" 89°47'44.90" 35

Chenco M 4 1 19°26'17.10" 89°48'43.67" 36 89
Chenco M 4 2 19°26'16.41" 89°48'40.25" 37 90
Chenco M 4 3 19°26'14.06" 89°48'39.57" 38 91
Chenco M 4 4 19°26'14.42" 89°48'42.63" 39 92
Chenco M 4 5 19°26'15.46" 89°48'41.00" 40

Flores S 1 1 19° 8'44.62" 89°55'2.16" 41 93
Flores S 1 2 19° 8'46.14" 89°55'5.13" 42 94
Flores S 1 3 19° 8'47.70" 89°55'8.01" 43 95
Flores S 1 4 19° 8'49.36" 89°55'11.07" 44 96
Flores S 1 5 19° 8'49.91" 89°55'14.44" 45

Flores S 2 1 19° 8'43.54" 89°54'56.54" 46 97
Flores S 2 2 19° 8'46.90" 89°54'55.89" 47 98
Flores S 2 3 19° 8'49.99" 89°54'55.80" 48 99
Flores S 2 4 19° 8'53.24" 89°54'55.19" 49 100
Flores S 2 5 19° 8'56.31" 89°54'54.37" 50

Flores S 3 1 19°10'23.63" 89°54'21.15" 51 101
Flores S 3 2 19°10'24.46" 89°54'24.48" 52 102
Flores S 3 3 19°10'25.20" 89°54'27.85" 53 103
Flores S 3 4 19°10'26.00" 89°54'31.19" 54 104
Flores S 3 5 19°10'26.79" 89°54'34.50" 55

Flores S 4 1 19°11'49.96" 89°53'50.72" 56 105
Flores S 4 2 19°11'49.99" 89°53'54.14" 57 106
Flores S 4 3 19°11'49.90" 89°53'57.64" 58 107
Flores S 4 4 19°11'49.91" 89°54'4.44" 59 108
Flores S 4 5 19°11'49.85" 89°54'7.82" 60




Annex 2. Glyphosate and AMPA concentrations (ug g-') for soil and plant samples.

(Results in bold indicate values above the limits of detection)

Soil samples

Plant samples

Site Vegetation* Parcel Monolith Saﬁl)ple GLY AMPA Saﬁl)ple GLY AMPA
Chenco NV 3 1 1 0.014 0.010 61 0.223 0.099
Chenco NV 3 2 2 0.018 0.021 62 0.255 0.040
Chenco NV 3 3 3 0.016 0.015 63 0.086 0.046
Chenco NV 3 4 4 0.006 0.006 64 0.193 0.044
Chenco NV 3 5 5 0.007 0.011
Chenco NV 4 1 6 0.005 0.007 65 0.682 0.033
Chenco NV 4 2 7 0.011 0.005 66 0.236 0.204
Chenco NV 4 3 8 0.004 0.010 67 0.034 0.056
Chenco NV 4 4 9 0.001 0.004 68 0.130 0.021
Chenco NV 4 5 10 0.000 0.003

Flores NV 1 1 11 0.008 0.014 69 0.055 0.011
Flores NV 1 2 12 0.005 0.001 70 0.040 0.008
Flores NV 1 3 13 0.004 0.004 71 0.012 0.021
Flores NV 1 4 14 0.002 0.009 72 0.038 0.018
Flores NV 1 5 15 0.001 0.004
Flores NV 2 1 16 0.000 0.004 73 0.100 0.095
Flores NV 2 2 17 0.001 0.008 74 0.367 0.127
Flores NV 2 3 18 0.001 0.000 75 0.301 0.046
Flores NV 2 4 19 0.012 0.007 76 0.047 0.012
Flores NV 2 5 20 0.005 0.002
Chenco M 1 1 21 0.018 0.007 77 0.055 0.011
Chenco M 1 2 22 0.005 0.011 78 0.046 0.040
Chenco M 1 3 23 0.007 0.013 79 0.032 0.041
Chenco M 1 4 24 0.007 0.093 80 0.077 0.054
Chenco M 1 5 25 0.008 0.058
Chenco M 2 1 26 0.006 0.011 81 0.044 0.017
Chenco M 2 2 27 0.006 0.008 82 0.097 0.083
Chenco M 2 3 28 0.002 0.012 83 0.091 0.032
Chenco M 2 4 29 0.007 0.020 84 0.081 0.015
Chenco M 2 5 30 0.013 0.106
Chenco M 3 1 31 0.020 0.093 85 0.073 0.125
Chenco M 3 2 32 0.011 0.077 86 0.126 0.104
Chenco M 3 3 33 0.009 0.109 87 0.019 0.015
Chenco M 3 4 34 0.009 0.021 88 0.007 0.001
Chenco M 3 5 35 0.027 0.053
Chenco M 4 1 36 0.002 0.005 89 0.078 0.037
Chenco M 4 2 37 0.003 0.016 90 0.245 0.012
Chenco M 4 3 38 0.001 0.001 91 0.046 0.029
Chenco M 4 4 39 0.025 0.062 92 0.719 0.018
Chenco M 4 5 40 0.001 0.012
Flores S 1 1 41 0.025 0.152 93 4.459 0.442
Flores S 1 2 42 0.046 0.159 94 2.777 0.056
Flores S 1 3 43 0.120 0.389 95 3.399 0.689
Flores S 1 4 44 0.996 1.963 96 0.294 0.317
Flores S 1 5 45 0.283 0.639
Flores S 2 1 46 - - 97 0.354 0.154
Flores S 2 2 47 0.004 0.053 98 0.037 0.146
Flores S 2 3 48 0.015 0.017 99 0.460 0.040
Flores S 2 4 49 0.001 0.005 100 0.108 0.056
Flores S 2 5 50 0.001 0.042
Flores S 3 1 51 0.075 0.659 101 0.129 0.036
Flores S 3 2 52 0.056 0.278 102 0.133 0.052
Flores S 3 3 53 0.195 0.249 103 0.395 0.055
Flores S 3 4 54 0.183 0.218 104 0.112 0.014
Flores S 3 5 55 0.151 0.203
Flores S 4 1 56 0.010 0.119 105 0.193 0.087
Flores S 4 2 57 0.007 0.044 106 0.072 0.025
Flores S 4 3 58 0.023 0.108 107 0.027 0.015
Flores S 4 4 59 0.048 0.503 108 0.298 0.011
Flores S 4 5 60 0.019 0.118




Annex 3. Results of Shapiro-Wilk test for AMPA concertation in soil samples
Data variate: AMPA
Test statistic W: 0.5424

Probability: <0.001

Annex 4. Results of Mann-Whitney U test for AMPA concertation in soil samples

Group N Mean Sumof | e of U P-value
rank ranks

Maize 8 8 61 25.0 0.011

Soybean 17 16 264






