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Abstract: Thiamethoxam is a neonicotinoid, with systemic and contact action, used in Mexico for 13 
the care of different traditional fruit crops, mainly in the cultivation of papaya. International 14 
organizations such as the EPA (Environmental Protection Agency) and the EFSA (European Food 15 
Safety Authority) establish maximum permissible limits of 0.4 mg/kg and 0.05 mg/kg of 16 
thiamethoxam in papaya. The aim of this study was to determine the presence and concentration of 17 
thiamethoxam in soil and water in papaya crops associated with watermelon from the central area 18 
of Veracruz, Mexico. A diagnosis of thiamethoxam management in different soil types of the region 19 
was made; through an experimental plot where soil and water samples were taken in the different 20 
stages of papaya cultivation associated with watermelon, using HPLC-UV equipment for its 21 
determination. The design was random blocks with six repetitions and the software used for data 22 
analysis was the Statistica 2007 program. Thiamethoxam was concentrated in amounts of ≥0.40 23 
mg/L in 79% of the samples in water and ≥0.55 mg/kg in 75% of the samples in soil. The highest 24 
values of thiamethoxam in soil were in the stage of watermelon culture with 0.4 mg/kg and in the 25 
soil preparation of the papaya crop with concentrations of 0.8 mg/kg. Whereas irrigation water 26 
from the watermelon cultivation and the soil preparation for the papaya showed concentrations of 27 
0.5 and 0.7 mg/L respectively. The presence of thiamethoxam was identified in 100% of the samples 28 
analyzed in the papaya soil preparation stage. The values of the concentrations in soil and 29 
irrigation water exceeded the maximum limits established by international standards. 30 

 31 

Keywords: Neonicotinoids, pesticides, modified ecosystems 32 
 33 

1. Introduction 34 

Agroecology is fundamental for the study of sustainable agroecosystems, uses ecological principles 35 
and concepts as tools to understand the processes of land degradation, such as erosion, 36 
desertification, salinization, compaction and decrease of fertility (9). It is essential for the Earth’s 37 
health to preserve the physical and chemical characteristics of soils. Given the eminent growth of the 38 
human population and urbanization, land is considered a limited and economically scarce resource; 39 
therefore, the demand for safe food, goods and services is increasing, and it is the responsibility of 40 
the human being to preserve soil as a natural source for the development of human life quality (29). 41 
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Agricultural activities such as conventional tillage, the massive use of pesticides and all 42 
anthropogenic activities contribute to the phenomenon of groundwater and surface water pollution. 43 
This phenomenon limits and impedes the enjoyment of the benefits of quality water, which can 44 
result in impacts to aquatic organisms and destruction of soil macrofauna. The consumption of 45 
agricultural food contaminated with neonicotinoid pesticides, causes damage to public health by 46 
provoking reproductive inhibition or failure, suppression of the immune system and teratogenic 47 
effects (23). 48 

The use of pesticides in agriculture began its activity in 1940, since then more than 70,000 chemical 49 
substances have been generated for crop management. The sales volume of pesticides is around 2, 50 
800 million kilograms of active ingredients a year and more than 50 thousand commercial 51 
formulations (15). Thiamethoxam is recommended for 116 agricultural species and is present in 64 52 
countries worldwide (5). Thiamethoxam was recorded in 2004 and is used to control whitefly 53 
(Bemisia tabaci) in tomatoes, chili peppers and fruit trees such as papaya (12). It is also used for 54 
whitefly control in the USA., The European Union, Brazil and India, currently and due to its 55 
excessive use, insect pests have become resistant to applications of neonicotinoid insecticides, such is 56 
the case of Imidacloprid. For this reason, it has been considered necessary the use of new chemical 57 
molecules such as thiamethoxam, this molecule acts in a systemic and contact form, being used for 58 
the control of aphids, thrips, mites and soil pests (19). In addition, there have been positive results on 59 
the control of some pests such as Mahanarva fimbiolata in perennial crops (8,14). In Venezuela it is also 60 
recommended for the control of Togosodes orizicolus Muir in rice cultivation, with doses of 75 and 61 
100g ha-1 (34). 62 

Thiamethoxam is also used for the treatment of seeds, recommending doses of 200 to 300 ml per 100 63 
kg, improving its vigor and germination rate (28). The contamination of surface and underground 64 
water can be generated through runoff processes, accumulating in bodies of water large quantities of 65 
pesticides such as thiamethoxam. There are studies of thiamethoxam discharges to natural currents 66 
or to the ground that is generating focalized contamination (23). This pesticide has high mobility in 67 
the C horizon of soils; in Argentina, there is a potential risk of leaching pesticides in groundwater by 68 
the increase of its net recharge to a value of 2.3 mm day-1, since the presence and residuality of 69 
thiamethoxam in soil depends on the frequency of its use in vegetables such as tomato, parsley, 70 
cauliflower, bulb onion, broccoli (3). 71 

The management of tropical agroecosystems with the use of neonicotinoid insecticides can generate 72 
a risk of ecological damage such as the death of aquatic organisms, birds and mammals, and damage 73 
to public health. The cultivation of the papaya fruit tree, which due to its organoleptic characteristics 74 
has acceptance in the national and international market, presents numerous phytosanitary 75 
problems, such as the presence of virosis, phytoplasmas, mites and aphids, for which the producers 76 
use pesticides as neonicotinoids massively for its control. The instability of the market allows the 77 
papaya crop to be associated with vegetables such as watermelon, with the purpose of obtaining 78 
additional income during the year. This is why the objective of this study was to determine the 79 
presence and residuality of the thiamethoxam insecticide in soil and water of the papaya (Carica 80 
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papaya L.) and watermelon (Citrullus lanatus) crop as a relay crop in the municipality of Cotaxtla, 81 
Veracruz, located in the center of the country in the Gulf of Mexico, where 45% of the total producers 82 
use thiamethoxam in the management of the papaya crop associated with watermelon (1, 19, 25, 26). 83 
The training and transfer of new technologies friendly to the environment are necessary to achieve 84 
the implementation of good practices and soil and water conservation, among them are terraces, 85 
green manures, family gardens, intercropping systems, use of living walls and level curves, efficient 86 
and rational management of pesticides (6, 21). 87 

2. Materials and Methods  88 

The study was developed in the municipality of Cotaxtla, Veracruz. In an experimental plot of 89 
papaya Maradol-watermelon (Figure 1), located at the coordinates of 18°53'51'' north latitude and 90 
96°22'37 '' west latitude. 91 

 92 

Figure 1. Location of the papaya producing area in the town of Cotaxtla, Veracruz, México 93 

In the study area, papaya producers use thiamethoxam during the papaya crop cycle, with a total 94 
volume of 500 ml ha-1 for the control of whitefly, thrips and aphids. The soils of the agroecosystem 95 
with papaya are characterized by the fact that 45% is predestined for the cultivation of papaya and 96 
watermelon at different sowing dates. This pesticide has been used for the cultivation of papaya in 97 
this area for the last 5 years. 98 

Method 99 

To know the types of soils in the area where the insecticide was applied, a diagnostic study was 100 
carried out based on the local knowledge of the farmer called "classification of peasant lands" (2). An 101 
experimental plot of papaya cultivation associated with watermelon with a population density of 102 
2,778 plants/ha was established in the study area. Samples were taken from the experimental plot 103 
during four phenological stages in the year to know the presence and concentrations of 104 
thiamethoxam. The phenological stages in the papaya-watermelon crop, correspond to the following 105 
study treatments, which are mentioned below as T1: Relay cultivation (watermelon); T2: Preparation 106 
of the land previous papaya transplant; T3: After the papaya transplant; T4: Papaya production. 107 
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The soil sampling technique was as established by the Official Mexican Standard NOM-AA-105-1988 108 
and the International Standard ISO/TC 190 (ISO 11074: 2015/DAM 1:2017-Soil Quality). The 109 
sampling consists of using the zigzag method, with strains of 20 by 20 and 25 cm deep, collecting a 110 
sample of 2 kg for the determination. For the sampling in irrigation water, the Mexican Standard 111 
NMX-AA-003-1980, the Official Mexican Standard NOM-AA-104-1988, and the International 112 
Standard ISO 5667-10-1992 (31) were used. The total of samples that were raised by phenological 113 
stage of the crop were 6 composite samples obtained through the aforementioned method. The 114 
samples of soil and irrigation water were taken after: 100 days planting the relay crop (watermelon), 115 
200 days in the stage of preparation of land for the transplant of papaya, 300 days in the stage of 116 
transplant of the papaya and 450 days in the papaya production stage. The soil and water samples 117 
were from April, 2016 to March, 2017. The samples collected were transferred for analysis to the 118 
laboratory of the Technological Instituto Tecnológico de Boca del Río, to the Investigación de 119 
Recursos Agropecuarios Laboratory (LIRA).  120 

The HPLC-UV is integrated of a quaternary pump, autosampler of 200 vials, with syringe of 250 μL, 121 
a fluorescence and visible UV detector, contains four solvents and a separation column of 10 cm by 122 
4.6 of diameter of 5 μ and loop of 20 μL sample with a capture system. The instrumental conditions 123 
of the chromatographic column is C18 RP 5 μm, with a temperature of 25° C, a mobile phase of 45/55 124 
(AC/AG), with a flow of 1mL min-1 and λ = 254 nm, the working range was 10 to 100 μg of 125 
thiamethoxam L-1, with a linearity of R≥0.9 and a recovery of ≥90%. 126 

For the thiamethoxam determination in soil the following procedure was carried out, samples were 127 
macerated, then 10 ml of Acetonitrile (CH3CN) was added, it was allowed to sit for 5 minutes, it was 128 
shaken vigorously for 1 minute using a Vortex mixer. Afterwards, 3 ml of HPLC water, 6 ml of 129 
hexane (C6H14), 4 g of Magnesium Sulphate (MgSO4), 1 g of N-acetylcysteine (NAC), and 500 mg of 130 
sodium citrate (Na3C6H5O7) were added. The sample was subjected to manual shaking for 20 131 
minutes, and vortexed for 1 minute, then centrifuged for 10 minutes. And later, 6 ml of excess was 132 
taken and deposited in tube II with 90 mg of magnesium sulfate, 150 mg of Primary and Secondary 133 
Amina (PSA), 150 mg of Octadecyl Carbon Chain (C18). The sample was vortexed then for 1 minute 134 
and centrifuged for 10 minutes. Next, 3 ml of the excess was taken and dried at 40° C with N2, 135 
afterwards 200 μl of methanol (CH3OH) was added, measuring 100 μl + 900 μl of mobile phase and 136 
then filtered with 0.22 μl disks, finally it was recovered in vials.  137 

The statistical design for soil and irrigation water was randomized complete blocks with 6 138 
repetitions. The statistical software was with the program statistica 2007, with parametric statistical 139 
analysis (ANOVA) and non-parametric Kruskal-Wallis, and graphs categorization with pie charts. 140 

3. Results 141 

The values of concentrations of thiamethoxam in the soil of the experimental plot that were found at 142 
a depth of 30 cm. in the area of the macrofauna and microflora were ≥0.55 mg/kg, these values of 143 
thiamethoxam are higher than those found in the irrigation water of ≤0.45 mg/L. Thiamethoxam was 144 
present in 79% of the analyzed samples of irrigation water during the phase of papaya and 145 
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watermelon cultivation. Whereas in soil, 75% of the total samples analyzed showed average 146 
concentrations of thiamethoxam of 0.57 mg/kg, this response is due to the use and management of 147 
thiamethoxam when applied directly to the soil and in the irrigation water system. 148 

 149 

Figure 2. Concentration of thiamethoxam in irrigation water and soil in the papaya crop associated 150 
with watermelon in the area of Cotaxtla, Veracruz.  151 

 152 
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Figure 3. Percentage of absence and presence of thiamethoxam in water and soil of the papaya crop 153 
associated with watermelon in the area of Cotaxtla, Veracruz.  154 

The analyzed soil showed that, among the different phenological stages of the papaya crop, there 155 
was a higher concentration of thiamethoxam in the stage of papaya transplant and soil preparation, 156 
with values higher than 0.8 mg/kg of thiamethoxam (Figure, 4). The lowest concentrations were 157 
present in the papaya fruiting stage, which is when the papaya crop demands more nutrients for its 158 
development and fruit production, the concentration values of the insecticide were less than 0.2 159 
mg/kg. Values higher than 0.7 mg/L of thiamethoxam were found in the samples of irrigation water 160 
while in the stage of preparation of land, which is when the soil of the papaya crop is without any 161 
vegetal cover, this allows thiamethoxam to be retained by clay particles. Because of the above, it is 162 
important to mention that when comparing the relay crop that corresponds to watermelon with the 163 
papaya crop in fruit production, the greater presence of thiamethoxam in irrigation water and soil 164 
corresponded to the relay crop (watermelon) with values higher than 0.5 mg/L in irrigation water 165 
and 0.4 mg/kg in soil (Figure 4 and 5). In the soil preparation stage, thiamethoxam concentrations are 166 
retained by soil particles and some particles of thiamethoxam are mobilized into the shallow waters 167 
when there are no established crops that extract the thiamethoxam particles through the roots or 168 
stomata of the plants. 169 

 170 

Figure 4. Concentration of thiamethoxam in soil in different stages of the papaya crop associated 171 
with watermelon (relay crop).  172 
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 173 

Figure 5. Concentration of thiamethoxam in irrigation water in different stages of the papaya and 174 
watermelon crop (relay crop).  175 

In samples from different types of soil and irrigation water showed that the presence of 176 
thiamethoxam in watermelon cultivation was 100% in the irrigation water. In the opposite case at the 177 
beginning of the papaya crop, in the stage of seedling production, it was found that 100% of the 178 
samples had thiamethoxam in soil and irrigation water. Also, the crop in production showed 179 
thiamethoxam particles in 33% of the samples analyzed in soil and 50% in irrigation water, this is 180 
explained, because the rest of thiamethoxam particles were mobilized towards the plant and papaya 181 
fruits via sympathetic and apoplastic (Figure 6). In addition, this agrees with the results of the 182 
diagnosis made to papaya producers in the municipality of Cotaxtla, Veracruz, they apply the 183 
highest volume of thiamethoxam to papaya cultivation mainly in free soils, while in sandy soils 184 
there is no application. Therefore, significant differences were found with the volume of 185 
thiamethoxam used in clay soils when compared with the volume of thiamethoxam used in sandy 186 
and loamy soils (Figure 7). 187 
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 188 

Figure 6. Absence and presence percentage of thiamethoxam in irrigation water and soil in the 189 
papaya crop associated with watermelon (relay crop) in an experimental plot.  190 

 191 

Figure 7. Volume of thiamethoxam per crop cycle managed in different types of soil in the 192 
municipality of Cotaxtla, Veracruz.  193 
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4. Discussion 194 

In the main papaya producing areas in Mexico, 27% of the producers have orchards under the 195 
monoculture scheme and 45% of them associate the papaya orchards with different vegetable 196 
species, this allows having a greater diversity of pests and diseases. Under the risk of causing 197 
economic and ecological damage, producers use thiamethoxam in doses of 3 L ha-1 for the control of 198 
agricultural pests and a minimum dose of 300 L ha-1 in the cycle of cultivation of papaya. It is 199 
estimated that the amount of thiamethoxam used during the papaya crop cycle in the main papaya 200 
producing area in Cotaxtla, Veracruz, is 220.5 kg/year (22), comparing these results with the valley 201 
of Culiacán Sinaloa, Mexico, the total volume of thiamethoxam is 692.26 kg/year and for the group of 202 
neonicotinoids the amount applied is 1682.25 kg/year of active ingredient (16).  203 

One of the characteristics of thiamethoxam is its mobility capacity, that is why it is found in wells 204 
and deep wells that are used for domestic and agricultural use, such case is similar in Argentina, 205 
where there is presence of thiamethoxam in the C horizon soil (Mineral layers that have been 206 
affected by pedogenetic processes in a minimal way) with high leaching capacity to groundwater (3). 207 
In addition, the presence of thiamethoxam in water and soil (Figure 6) reinforce the theory of 208 
chemical contaminants migration, where the highest concentration of pesticides are present at 209 
shallower depths of soil, mainly in shallow waters (20). On the other hand in Venezuela, in soils of 210 
loamy sandy texture, with guava plantations, it was observed good aeration, medium permeability 211 
and little retention of water and nutrients, this allowed thiamethoxam absorption isotherms with 212 
values of 2.95 ± 0.83 mg/kg; this phenomenon depends on the characteristics of the soils, such as the 213 
clay content, because thiamethoxam has the capacity to protonate, due to its size and polarity. The 214 
percolation of thiamethoxam to groundwater depends on the texture of the soil, in soils with high 215 
sand content the thiamethoxam tends to percolate, considering that thiamethoxam in soil degrades 216 
slowly in aerobic conditions, but in concentrations of 4100 mg l -1 at temperatures of 20° C is highly 217 
soluble in water, according to the above there is a risk that thiamethoxam particles may infiltrate into 218 
groundwater (10, 31). Studies show that concentrations of 10 μg/L in water causes death of aquatic 219 
species, and in turn, 10 μg/kg of thiamethoxam in the topsoil damages the macrofauna and 220 
microflora of the soil. In addition, if we consider that soil degradation (LD50) is moderately persistent 221 
with 39 days in the field. It is important to mention that some studies show that they can persist in 222 
soil for up to 3 years (31,32). Thiamethoxam has been found with drinking water values of 0.06, 0.2 223 
and 1.0 mg/l, this is the result of applications made in crops; furthermore, thiamethoxam is 224 
considered an effective contaminant when applied to the foliage of plants. Another feature of 225 
thiamethoxam, is its ability to evaporate in less than 30 seconds when it reaches a drop diameter of 226 
337 μm, an important factor is the relative humidity, when there are values of 60%, this favors the 227 
evaporation of thiamethoxam to the environment (7, 27). Thiamethoxam is absorbed by the plant 228 
through the roots, stems and leaves, observing that the largest thiamethoxam particles are 229 
concentrated in the stage of fruit production. When the management of thiamethoxam is towards 230 
the canopy of the trees, these particles can enter through stomata and lenticels and translocate to the 231 
different organs of the plants (11). The Environmental Protection Agency (EPA) recommends that 232 
studies be conducted to address the safety of food (33). For the cultivation of papaya, the EPA (2012) 233 
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established the tolerance levels with concentrations of 0.4 mg/kg of thiamethoxam, and 0.05 mg/kg 234 
for the European Union (EFSA, 2012) (18). 235 

Concentrations of thiamethoxam found in Veracruz in irrigation water and soil of the agroecosystem 236 
with papaya, exceed the established by the international standards of the United States and the 237 
European Union (Figure 2). In the phase of cultivation in soil, the concentrations of thiamethoxam, in 238 
the stage of production of papaya fruit, exceed the established by international standards. Similar 239 
case in Ecuador, with concentrations of thiamethoxam in irrigation water, in turn contaminating 240 
surface waters, where the following values were found: 0.32 μg/L in Río Chico, 0.17 μg/L in Río 241 
Portoviejo, 0.48 μg/L in Río the Ceibal; while, in drinking water, concentrations of 0.27 μg/L were 242 
found (4). Therefore, it is necessary to have a participatory technical knowledge with producers to 243 
define the quality of the soils where the papaya crop is established, mainly to define the texture, pH 244 
and content of organic matter, this would allow to establish strategies to improve the production of 245 
the fruit trees and annual crops, using sustainable technologies (13). Currently, an alternative could 246 
be the use of nanoparticles, since they can replace the use of chemical substances in crops. It is 247 
noteworthy that companies like Bayer and Syngenta are conducting research in this area of 248 
nanotechnology, aimed at finding a lower dose of active ingredient, lower residuality and with it, a 249 
lower load of contaminants in the environment. With these characteristics it is possible to generate 250 
fertilizers, growth regulators and more powerful and efficient pesticides for the control of pests and 251 
weeds, which respond to extreme weather conditions, probably leading to the disadvantage of 252 
generating contamination to soils and bodies of water (17). Organic agriculture such as the use of 253 
insecticides of vegetable origin could be an alternative for the control of agricultural pests, it is also 254 
important to consider the use of low doses of chemicals, or insecticides of biological origin, as an 255 
alternative for the control of specific pests (22, 24). Such is the case for Mexico where the optimum 256 
dose of thiamethoxam of 0.3 kg/ha was evaluated for papaya cultivation, spraying every 15 days for 257 
the control of pests such as Diabrotica sp., Laspeyre siapomonella, Frankliniella occidentallis, Myzus 258 
persicae, Bemisia tabaci, Nezara viridula, Anthocoris nemoralis, Planococcus sp., Anastrepha ludens Loew 259 
and Toxotrypana curvicauda (18). 260 

5. Conclusions 261 

Concentrations of thiamethoxam that exceed the maximum permissible limits of the international 262 
standards of the EPA and EFSA were found in the agroecosystem with papaya. These were ≥0.40 263 
mg/L in 79% of samples in irrigation water and 0.55 mg/kg in 75% in the soil. The highest values of 264 
thiamethoxam in soil were in the relay crop stage (watermelon) and soil preparation for the papaya 265 
transplant, with values higher than 0.4 and 0.8 mg/kg and in irrigation water of 0.5 and 0.7 mg/l 266 
respectively. Another highlight is that 100% of the samples analyzed in the stage of preparation of 267 
land for the planting of papaya presented this pesticide. It is therefore necessary to establish 268 
planning criteria on the management and use of thiamethoxam in papaya agroecosystems with the 269 
purpose of reducing pollution to the ecosystem. 270 

 271 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2019                   



 11 of 13 

 

References 272 

1. Abato Z. M., Villanueva J. J. A., Otero C. G., Ávila R. C., Hernández C. E., Reyes P. N. 273 
Acarofauna Associated to papaya orchards in Veracruz, México. Acta Zoológica Mexicana. 274 
2014. 30 (3): 595-609.   275 

2. Alfaro O. E. A., Ortiz S. C. A., Tavarez E. C. A., Gutiérrez C. Ma. del C., Trinidad S. A. 276 
Clasificación técnicas de suelos en combinación con el conocimiento local sobre tierras, en 277 
Santa María Jajalpa, Estado de México. Terra Latinoamericana. 2000. 18 (2): 93-101. 278 

3. Bedmar F., Gianelli V., Angelini H., Viglianchino L. Riesgo de contaminación del agua 279 
subterránea con plaguicidas en la cuenca del arroyo El Cardillo, Argentina. RIA. 2015. 41 (1): 280 
70-82.   281 

4. Bravo M. C. D., Bello M. I. P., López Z. Y. M. Contaminación de agua cruda de rio y 282 
potabilizada de consumo doméstico en Manta-Ecuador. Revista científica dominio de las 283 
ciencias. 2016. 2 (3): 171-186. 284 

5. Chorti P., Fischer J., Vyskocil V., Economou A., Barek J. Voltammetric determination of 285 
insecticide thiamethoxam on silver solid amalgam electrode. Electrochimica Acta. 2014. 286 
140:5-10. http://dx.doi.org/10.1016/j.electacta.2014.01.081. 287 

6. Cotler H., Martínez M. y Etchevers J. D. Carbono orgánico en suelos agrícolas de México: 288 
Investigación y políticas públicas. Terra Latinoamericana. 2015. 34: 125-138. 289 

7. Cunha J. P. A. R. da., Lasmar O., Ramos A. M. P., Alves G. S. Evaporation time of droplets 290 
containing thiamethoxam and adjuvants sprayed on sugarcane leaves. Pesquisa 291 
Agropecuaria Tropical. 2016. 46 (1): 1-8. 292 

8. Dinardo M. L. L., Gil M. A. Estimativa do nivel de dano económico de Mahanarva 293 
fimbriolata (stal) (hemiptera: cercopidae) em cana de acucar. Bragantia. 2007. 66(1): 81-88. 294 

9. Espinosa A. J. A., León S. T. E., Ríos O. L. A. Tipología y usos del suelo en Agroecosistemas 295 
del valle del Guamuez, Putumayo-Colombia. Sociedad & Natureleza, Uberlandía. 2015. 27 296 
(2): 255-266. Doi: http//dx.doi.org/10.1590/1982-451320150205. 297 

10. Ettiene G., Bauza R., Sandoval L., Medina D., Raga J., Magally Q., Petit Y., Poleo N., Dorado I. 298 
Estudio de sorción de los insecticidas Imidacloprid y thiamethoxam en muestras de suelo. 299 
Revista Facultad Agronómica. 2016. 33: 458-481. 300 

11. Fallas R., Bertsch F., Barrientos M., 2014. Curvas de absorción de nutrientes en papaya 301 
(Carica papaya L.) cv. Pococi en las fases de crecimiento vegetativo, floración e inicio de 302 
cosecha. Agronomía Costarricense. 2014. 38(2): 43-54.  303 

12. Gutiérrez O. M., Rodríguez M. J. C., Llanderal C. C., Terán V. A. P., Lagunes T. A., Díaz G. O. 304 
Estabilidad de la resistencia a neonicotinoides en Bemisia tabaci (GENNADIUS), Biotipo B de 305 
San Luis Potosí, México. Agrociencia. 2007. 41 (8): 913-940. 306 

13. Hernandez H. R. M., Morros M. E., Bravo M. C. A., Pérez Z. L., Herrera D. P. E., Ojeda H. A., 307 
Morales J., Birbe F. B. O. La integración del conocimiento local y científico en el manejo 308 
sostenible de suelos en agroecosistemas de sabanas. Interciencia. 2011. 36 (2): 104-112. 309 

14. Hidalgo B. R., Oliveira K. S., Beltramin da F. P. R., Paulo R. R. C., De Sousa S. A., 2011. 310 
Associacao de metarhizium anisopliae (Hyp: Clavicipitaceae) e thiamethoxam para o 311 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2019                   



 12 of 13 

 

controle da cigarrinha-dasraizes em cana-de-acucar. Ensaios e Ciencia: Ciencias Agrárias, 312 
Biológicas e da Saúde: 2011. 15(5): 41-51. 313 

15. Karam M. Á., Ramírez G. B. M., Bustamante M. L. P., Galván, J. M., 2004. Plaguicidas y salud 314 
de la población. Ciencias ergo sum. 2004. 11 (3): 246-254.  315 

16. Leyva M. J. B., García de la P. L. M., Bastidas B. P. de J., Astorga R. J. E., Bejarano T. J., Cruz H. 316 
A., Martínez R. I. E., Betancourt L. M. Uso de plaguicidas en un valle agrícola tecnificado en 317 
el noreste de México. Revista Internacional de Contaminación Ambiental. 2014. 30 (3): 318 
247-261.  319 

17. Lugo M. E., García G. C., Ruelas A. R. D. Nanotecnología y nanoencapsulación de 320 
plaguicidas. Ra Ximhai. 2010. 6 (1): 63-67. 321 

18. Megchun G. J. V., Castañeda C. M. del R., Rodríguez L. A., Adame G. J., Murguía G. J., Lango 322 
R. F., Leyva O. O. R. Use of thiamethoxam, associated with insect populations in papaya 323 
(Carica papaya Linnaeus). International Journal of Research. Granthaalayah. 2018. 6 (1): 324 
428-439. Doi: https//doi.org/10.5281/zenodo.1168978. 325 

19. Megchún G. J. V., Castañeda C. Ma. del R., Rodríguez L. D. A., Murguía G. J., Lango R. F., 326 
Leyva O. O. R. Thiamethoxam in tropical agroecosystems. Global Journal of Biology, 327 
Agriculture & Health Sciences. 2016. 5(3): 75-81. 328 

20. Megchún G. J. V., Landeros S. C., Castañeda C. M. del R. Contaminación de agua por 329 
coliformes en agroecosistemas caña de azúcar. Editorial Académica Española. 2017a. 105 p. 330 
ISBN: 9786202238441.    331 

21. Megchún G. J. V., Landeros S. C., Soto E. A., Castañeda C. Ma. del R., Martínez D. J. P., 332 
Nikolskii G. I., Galaviz V. I. Total Coliforms and Escherichia coli in Surface and Subsurface 333 
water from a sugarcane agroecosystem in Veracruz, México. Journal of Agricultural Science. 334 
2015. 7(6): 1916-9760. Doi: 10.5539/jas.v7n6p110. 335 

22. Megchún G. J. V., Rodríguez L. D. A., Castañeda C. Ma. del R., Murguía G. J., Lango R. F., 336 
Leyva O. O. R. Thiamethoxam in papaya (Carica papaya Linnaeus) Agroecosystems). 337 
International Journal of Environment, Agriculture and Biotechnology (IJAB). 2017. 2(2): 338 
874-880. 339 

23. Orta A. L. Contaminación de las aguas por plaguicidas químicos. Fitosanidad. 2002. 6 (3): 340 
55-62. 341 

24. Rebolledo M. A., Del Angel P. A., Megchún G. J. V., Adame G. J., Nataren V. J. y Capetillo B. 342 
A., Live-Mulchs for weed management in mango (Mangifera indica L.) cv. Manila. Tropical 343 
and Subtropical Agroecosystem. 2011. 13: 327-338. 344 

25. Rojas M. R. I., Zavaleta M. E., Rivas V. P. Presencia de fitoplasmas en papayo (Carica papaya) 345 
en México. Revista Chapingo serie horticultura. 2011. 17(1): 47-50. 346 
http://www.redalyc.org/articulo.oa.?.id=60920046007. 347 

26. Romero R. J. A., Mejía C. J. A., Carballo C. A., López J. A., Rangel L. J. A., Ávila R. C.  348 
Escarificación química de semilla de papaya. Revista Méxicana de Ciencias Agrícolas. 2013. 349 
4(6): 947-954. 350 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2019                   



 13 of 13 

 

27. Seccia S., Fidente P., Attard B. D., Morrica P. Multiresidue determination of nicotinoid 351 
insecticide  residues in drinking wáter by liquid chromatography with electrospray 352 
ionization mass spectrometry. Analytica Chimica Acta. 2005. 553: 21-26.  353 

28. Suárez C. C. I., Da Silva A. A., Terra B. C., Meneghello G. E. Thiamethoxam treated bean 354 
seeds perfomance during storage. Revista Brasileira de Ciencias Agrarias. 2017. 12 (1): 1-5.    355 

29. Tobasura A. I., Obando M. F.H., Moreno C. F. A., Morales L. C. S., Henao C. A. M.. De la 356 
conservación del suelo al cuidado de la tierra una propuesta ético efectiva del uso del suelo. 357 
Ambiente y sociedad. XVIII (3): 2015. 121-136. 358 

30. UNE-EN (ISO 15175:2018) Calidad de suelo. https://www.iso.org/standard/19252.html. 359 
31. Universidad de Hertfordshire, 2015. PPDB: Pesticide Properties database. Disponilbe en: 360 

https://sitem.herts.ac.uk/aeru/footprint/es/Reports/631.htm. 361 
32. Van der sluijs, J. P., Amaral-rogers, V. Belzunces, L. P., Bijeveld Van Lexmord, M. F. J., 362 

Bonmatin, J. M., Changnon, M., et al., Conclusions of the wordwide integrated assessment on 363 
the risth of neonicotinoides and fipronil to biodiversity and ecosystem functioning. Springer, 364 
environmental science and pollution reserch. 2015. 22: 148-134. 365 

33. Velázquez del V. M. G., Bautista B. S., Hernández L. A. N., Guerra S. M. G., y Amora L. E. 366 
Estrategias de control de Rhizopus stolonifer Ehrenb (Ex Fr). Lind, Agente causal de 367 
pudriciones postcosecha en productos agrícolas. Revista Mexicana de Fitopatología. 2008. 26: 368 
49-55. 369 

34. Vivas L. E., Astudillo D., Campos L. Evaluación del insecticida thiamethoxam 25% para el 370 
manejo del insecto sogata en el cultivo de arroz en calabozo estado Guárico, Venezuela. 371 
Agronomía Tropical. 2009. 59(1): 89-98.Email: <http://www.scielo.org.ve/scielo.php?. 372 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2019                   


