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Abstract 

Papaya crops areas present phytosanitary problems since neonicotinoid pesticides are currently 

applied without efficient control methods. It is necessary to study insects behavior associated 

with this type of crop in response to the use of the neonicotinoid thiamethoxam. In order to know 

the efficiency of this insecticide, different doses were evaluated for the control of the type of 

insects referred to below. The study area was the locality of Mata Tambor in Cotaxtla, Veracruz, 

Mexico. Where a plot of papaya "Maradol" of 2,778 plants ha-1 was established, applying 

different doses of thiamethoxam during the process: T1) 0 kg/ha; T2) 0.3 kg/ha; T3) 0.4 kg/ha; 

and T4) 0.6 kg/ha. The variables were: insect population, gross mortality rate and the 

identification of pests that cause damage to the crop. No significant statistical differences were 

found in insect populations when applying those different doses. The mortality rate 16 days after 

applying thiamethoxam was higher in T3 at a dose of 0.4 kg/ha, this response is attributed to the 

fact that the insecticide achieved a residual effect on the culture. The use of T2 with a dose of 0.3 

kg/ha in the crop became effective in pest control, generating a gross mortality rate of 241 

individuals. Papaya cultivation can be associated with pests such as Bemisia tabaci, Myzus 

persicae, Frankliniella occidentalis and Toxotrypana curvicuada, which are the main vectors of 

virus in the culture. 
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1. Introduction 
 

Papaya is one of the most important and profitable fruits in Mexico and Central America, during 

its cultivation there are many phytosanitary problems, which affects its level of production. In 

Mexico, the state of Veracruz stands out as the main producer of papaya with 19.7% of its total 

cultivated area, among its municipalities; the one that contributes the most is Cotaxtla with 

21.29% of its total cultivated area [20]. Papaya "Maradol", Carica papaya cv. Maradol, is 

susceptible to the impact of external factors during the handling of the harvest, in addition, it 

systemically presents damages caused by Papaya ringspot virus (PRSV), which is transmitted by 

the pests of vegetable crops, also by close plantations of papaya contaminated and infested with 

pests and diseases [10]. There are different and numerous pests in the crop, among them, the 

aphids stand out for causing severe damages, some of them being difficult to control. Decision-

making for its control is difficult because these species cannot be easily distinguished [28]. 

 
Other pests are mites Tetranychus merganser that is distributed mainly in the central area of the 

state of Veracruz [27]. Producers use for their control, among others, insecticides such as 

Imidacloprid, Amitraz and Abamectina, Methamidophos, Avermectina for agronomic 

management, which until now have shown not to be as efficient, since there is still a reduction in 

leaf area in papaya plants. Currently, producers in Mexico, India and Brazil are using 

insecticides from the chemical group of neonicotinoids. These insecticides are transported from 

the stomata to the root, and can be present in all the organs of the plant such as stems, leaves, 

fruits, as well as moving from the phloem and the xylem. The indiscriminate use and high doses 

in crops can cause ecological damage to the ecosystem, such is the case of the state of Sinaloa, 

Mexico, where around 118 active ingredients of pesticides have been applied in vegetables, 

among which the group of neonicotinoids stands out, mainly by the following: Acetamiprid, 

Clotianidin, Dinotefurán, Imidacloprid and Thiamethoxam. Although in Mexico the use of these 

insecticides is allowed, it is necessary to regulate and dose its use [18, 19, and 7]. 

 
"Thiamethoxam 25 WG" has been evaluated in papaya crops for the control of Paracoccus 

marginatus, finding as a result, that the dose of 62.50 g a.i/ha is efficient for the control of this 

pest [30]. Thiamethoxam is also used in tropical fruit trees for the control of Bemisia tabaci, 

Leptinotarsa decemlineata and Myzus persicae [31]. During 5 years, in the main papaya 

producing area in Veracruz, Mexico, 6% of producers have used thiamethoxam for the control of 

aphids, whitefly and mites in papaya and vegetables cultivation, the application volume ranges 

around 3 L/ha per cycle [20]. 

 
The use of neonicotinoids such as thiamethoxam is efficient in the control of pests that damage 

tropical flowers and fruits [26]. In Mexico, the use of this insecticide is not restricted in papaya 

and other crops, despite this, it is recommended due to its systemic and contact mode of action 

for the control of pests in tropical fruit trees such as papaya [19]. There is a precedent that during 

the cultivaton, producers have carried out pest and disease control empirically, without any 

validation of application doses of neonicotinoid pesticides. Therefore, it is necessary to make a 

diagnosis to identify the main pests that are associated with the crop and establish annual defense 
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programs [17]. Ecological risks to the ecosystem due to the massive use of insecticides are 

mainly because, when applied, there is no proper control and management of chemical 

insecticides in crops. Insecticides are subject to a series of transformations at a physical, 

chemical and biological level, standing out for the adsorption on soils and plants, volatilization, 

photolysis and chemical or microbial degradation. Its molecules are transported through water 

and air in the environment over long distances, and when volatile insecticides such as 

neonicotinoids enter the atmosphere, they are carried back to soil and water by rainfall, falling 

elsewhere, causing damage to the ecosystem [11]. 

 
Studies show that thiamethoxam encapsulated in a drop of water, of 340 μm, volatilizes in 30 

seconds and evaporates into the environment, so that it could cause damage to other crops 

established in the area where it is used, or in its case, to human settlements established in close 

by areas. 

 
The continuous exposure to the massive use of systemic and contact insecticides such as 

thiamethoxam or any insecticide of the chemical group of neonicotinoids, can cause damage to 

public health and ecological systems. Therefore, ecological risk studies are necessary, as well as 

defining the optimal doses for their use and management in agricultural crops [2]. With the 

above, this study seeks to achieve excellent phytosanitary control. In addition, by knowing the 

optimal dose of thiamethoxam for the control of pests, this insecticide can be part of the 

integrated management of pests and diseases of the papaya crop. Reason why this study was 

aimed at evaluating different doses of thiamethoxam to control insects associated with the 

cultivation of papaya. 

 
2. Materials and Methods  

 

The work was carried out in Mata Tambor, in the municipality of Cotaxtla, Veracruz, Mexico, 

located between the coordinates of 18°53'51'' north latitude and 96°22'37 '' west longitude, in a 

“Maradol” papaya plot, with a population density of 2,778 plants/ha. The field seedlings were 

established on August 2, 2017 (Figure 1). 

 

 
Figure 1: Mata Tambor, municipality of Cotaxtla, Veracruz, México 
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The papaya plot was conducted in a traditional way with a drip irrigation system. Field trips were 

made, every eight days, to monitor the presence of pests in papaya crops. It was also applied, 

every 15 days, a liquid foliar fertilizer "Biocol" (N, NH4, NA, S, P, K, CA, MG, Acetic acid, 

Gibberellins, Purines, Thiamin, Folic Acid, Pantothenic Acid and Organic Acaricide) for fruit 

trees to correct the nutritional deficiencies of the crop. In addition, they were also fertilized with 

nitrogen, phosphorus and potassium, and with glyphosate and paraquat for the control of weeds. 

Applications of organic fertilizers based on sulfur and calcium were also carried out as part of 

the agronomic management. 

 
After 78 days in the field, damage caused by pests was identified, designing then an experiment 

to evaluate the effectiveness of the insecticide thiamethoxam for the control of insect pests, using 

for this purpose, yellow traps with a dimension of 2,400 cm
2
. Two yellow traps were placed per 

experimental plot of papaya, the experimental plot consisted of three rows with papaya plants 

established at 1.20 m between plants and three meters between rows, each row is made up of 30 

papaya plants. Treatments (T) evaluated for thiamethoxam were: T1 = 0 kg/ha; T2: 0.3 kg/ha; 

T3: 0.4 kg/ha; T4: 0.6 kg/ha. 

 
The management of the experiment consisted in comparing the population of insect pests of three 

experimental papaya plots; one handled with the use of yellow traps, the second with the use of 

thiamethoxam insecticide applied at 8 days and, finally, with the use of thiamethoxam applied at 

15 days. For the process, first the yellow traps were placed in each plot, then, after eight days, it 

was made the first count of insect populations in each trap. Later, different doses of 

thiamethoxam were applied to control the populations of insects present in the crop, using for 

this an electric spray backpack model WS-15D, with an expense of 0.8 L/min. Subsequently, the 

count of insect populations was done 8 and 16 days after the insecticide was applied.  

The Gross Mortality Rate of insect population was estimated, to perform GMR (d
z
) calculation 

the following formula was applied, according to the INEI ([16]. 

 

d
z
= D

z
 *1000 

        N 

 

Where: 

d
z
: Gross Mortality Rate 

D
z
: Deaths that occurred 

N: Estimated population 

 

  The experimental design was randomized blocks with four repetitions, and the gross mortality 

rate was estimated. In order to know the pest species associated with the crop, the different pests 

were collected and transferred to the Technological Institute of Ursulo Galván located in the 

municipality of Ursulo Galván, Veracruz. The identification of the pests was with a stereoscopic 

microscope using the help of taxonomic keys for their identification. The following indices were 

measured: Margalef Species Richness (Dmg) = S-1/In N; the Shannon’s diversity and the 

Simpson’s dominance (λ) = Σpi
2
; the data was analyzed with the PAST software (version 2.03), 

1999-2010. Also, an analysis of variance and means comparison tests were performed, using the 

Tukey test with a α of P≤0.01, as well as nonparametric and parametric analysis of the data with 

the software STATISTICA (version 2007). 
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3. Results and Discussions  

 

The results obtained for the treatments applied with different doses of thiamethoxam in the 

papaya crop did not show significant statistical differences (Figure 2). Whereas16 days after the 

application of the insecticide, it was observed a decrease in the populations of the insects 

associated with the papaya crop. The greatest amount of insects present in the crop was eight 

days after having applied the different doses of the thiamethoxam. This response is attributed to 

the residual effect of the product applied to the foliage. In addition, there are similar reports in 

India that demonstrate the effectiveness of thiamethoxam in the control of Paracoccus 

marginatus in papaya plantations, 7 days after the insecticide was applied in the field [3]. Other 

studies report that in the first 74 hours of application in the plant, it causes mortality within a 

range of between 40% and 90% of the population of insects present, which are vectors of the 

virosis in papaya [4].  

 
Eight days after applying a dose of 0.6 kg/ha of thiamethoxam to the papaya plants, a population 

of insects higher than the other treatments was counted. However, sixteen days after applying 

this insecticide, the insect population present was 72.3% lower than the total number of insects 

present eight days after application. When applying doses of 0.3 and 0.4 kg/ha of thiamethoxam 

in papaya plants, it was observed that the insect populations were lower than when only yellow 

traps were used (Figure 2). Studies conducted in Brazil on the coffee leaf miner (Leucoptera 

coffeella), demonstrated the efficiency in the control of this pest, in response to the fact that this 

systemic insecticide is translocated from the root to the aerial part of the plants, it is also reported 

that residues have been found in leaves even up to 150 days after being applied [8]. 

 

 
Figure 2: Effectiveness of the different doses of thiamethoxam insecticide on insect populations 

 

With respect to the Gross Mortality Rate, the highest mortality was using the dose of 0.4 kg/ha, 

surpassing the mortality rate present with doses of 0.3 and 0.6 kg/ha of thiamethoxam (Figure 3a 

y 3b). 
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Figure 3a: Insects gross mortality rate in different thiamethoxam treatments, 8 days after applied 

to papaya foliage 

 

 
Figure 3b: Insects Gross Mortality Rate in different thiamethoxam treatments, 16 days after 

applied to papaya foliage 

 
When thiamethoxam is applied every 8 days, a greater population of insects can be controlled, 

than when only yellow traps are used. With respect to the gross mortality rate of insects and 

pests, when applying thiamethoxam every 15 days, it is possible to achieve a better effectiveness 

if applied to the foliage of papaya plants (Table 1). 

 
The behavior of the values of the Gross Mortality Rate in insects (Table 1), is similar to that 

when thiamethoxam is applied at 8 and 16 days, this response is attributed to the fact that the 
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insecticide achieves a residual effect on the papaya cultivation. In evaluation studies of 

thiamethoxam with other insecticides Acetamiprid, Imidacloprid, Fipronil, Lambda cyhalothrin 

and Malathion, it was shown that thiamethoxam and Imidacloprid are more toxic on Myzus 

persicae (Sulzer) for an LC50 of 4.1 and 4.5 mg/kg [12]. The population of these pests was 

reduced 16 days after the application of thiamethoxam. With respect to Simpson’s Dominance 

Index between individuals, the pests present, 15 days after applying the thiamethoxam, showed a 

higher value than the individuals in the treatments with yellow traps and the treatments where 

thiamethoxam was applied after 8 days. With regard to Shannon’s Diversity Index, the values for 

all treatments were lower than the normal value of 2, however for the dominance index 

(Simpson’s Index) the highest value that was 1,384 was present using only yellow traps. Similar 

case with the Simpson’s Index of 0.7489. Otherwise, with thiamethoxam applied every 15 days, 

where the Margalef Species Richness index was 0.5777 higher than the others, this means that 

there was more than one species of pest associated with the papaya crop (Table 1). This may be 

due to the presence of habitats with more complex structures that are close to papaya farms, 

which increase its biodiversity and, in turn, the density of pest species and its population [13].  

The greatest diversity of insects occur in mixed or forest crops, which can cause problems and 

economic losses when there are numerous groups of pests, among them we can mention, Luebea 

senmanii and Anacardium excelsum, in addition to having some relationship with the phenology 

of the crops [29]. 

 
Table 1: Residual effect of thiamethoxam on insect populations present in papaya culture 

Thiamethoxam 

applied 

No. of 

individuals 

Gross 

mortality 

rate+(d
z
) 

Dominance Shannon’s 

Index 

Simpson’s 

Index 

 

Margalef’s 

Index 

 

Control (Yellow 

traps) 

73 b 247 0.2511 1.384 0.7489 0.5288 

8 days after 

applying 

147 a** 249 0.256 1.374 0.744 0.4702 

15 days after 

applying 

45 b 250 0.2672 1.353 0.7328 0.5777 

Different letters, represent significant differences.  

 
Populations of insect pests that cause damage to the papaya crop were identified, such as 

whitefly, citrus green aphid, thrips, papaya fruit fly and fruit fly (Figure 3). The importance of 

controlling these pests is that, nowadays, the presence of virosis in papaya crops is a problem 

that can cause up to 100% damage in new plantations in production. 

 
Insects vectors, such as Bemisia tabaci, are responsible for the damage by virosis in papaya 

crops, as well as the presence of Diabrotica sp.; since contamination by virosis is related to the 

presence of sucking insects. Similar case was in the whitefly control, where the adult population 

was reduced from 36% to 97% between 3 and 14 days after thiamethoxam applications [1]. It 

was found in seedling production, that the use of thiamethoxam, with frequencies between seven 

and ten days, can protect the seed from any contamination by pathogens such as Rhizoctonia sp., 

Macrophomina phaseolina (Tasis) and Colletotrichum sp. [1].  
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The resistance of Bemisia tabaci and the citrus aphid (Myzus persicae) to Imidacloprid and other 

insecticides of the group of neonicotinoids, can be effectively controlled in 87% and 83%, at 2 

and 7 days after applying thiamethoxam, with a dose of 0.5/1 of water per hectare, to the papaya 

crop. In addition, the residual effect of thiamethoxam can control aphids for 20 days with 

efficiency greater than 70% [5]. 

 
The thiamethoxam combined with fungicides, can reduce the populations of Bemisia tabaci and 

consequently the incidence by virosis. The presence of the fruit fly and the papaya fruit fly 

(Toxotrypana curvicauda) were also identified, both cause severe damage to flowers and fruit, 

which is why their control is necessary to reduce damage to the commercialization of the fruit. 

Other species of pests that are of economic importance for the papaya crop were identified, such 

as the presence of Laspeyre siapomonella, so it is necessary to continue its study to know the 

possible damages to the crop. It is important to mention that there was no mortality of bees (Apis 

mellifera) in association with the papaya crop. 

 

 
Figure 3: Insects identified in the laboratory, associated with the cultivation of papaya in the 

town of Mata Tambor, in the municipality of Cotaxtla, Veracruz, Mexico 

 
Thrips, which is a potivirus vector, is another of the insects associated with the cultivation of 

papaya. For the control of thrips (Frankliniella schultzei Trybom) in tomato crops, in Sao Paulo, 

Brazil, a dose of 150 to 200 g i.a. ha
-1

 of thiamethoxam was evaluated, applied in a drench form, 

with efficiency higher than 93% and a residual effect of 24 days [25]. The Diabrotica bivitulla 

and Diabrotica speciosa in Brazil are one of the main vectors of the Papaya Lethal Yellowing 

Virus (PLYV) [23]. A similar case occurs with the presence of Diabrotica sp. and the damages 

caused by virosis to young papaya plantations in the municipality of Cotaxtla, Veracruz. 

Considering, that there is a relationship between the age of the plant at the moment of being 

infected, with the speed of viral dispersion; the use of anti-aphids meshes in the nursery stage is 

necessary, in order to protect the papaya plants from the damages caused by the vectors of the 

virus. 
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In Cuba, the use of anti-aphid mesh in papaya plantations has reduced the severity of the Papaya 

Ring Spot Virus (PRSV) by 30%. The use of plant barriers also protects the plantations of 

Maradol Roja (Carica papaya var. Maradol Roja) and reduces the damage caused by pests [6]. 

The fruit fly and the papaya fruit fly identified in papaya plantations can be monitored more 

efficiently with the use of cylindrical traps made with opaque green plastic and the use of 

synthetic pheromone. In the case of the fruit fly (Anastrephae ludens), the main infestations 

come from the trees of the genus Spondeias that are located near papaya crops [15, 21]. 

 
For adult fly capture and monitoring, the use of McPhail traps baited with corn hydrolyzed 

protein is recommended, as well as applications of low toxicity chemical insecticides at the right 

time [24]. In the case of the Laspeyre siapomonella, this insect can cause damage to the papaya 

flower up to 100% in severe infestations [9]. Currently in European countries and in the United 

States, the use of neonicotinoids has been restricted by the phenomenon called Collapse of the 

Beehives, this means that the massive use of these products caused the death of bees that 

pollinated tropical fruit trees [19]. The pollination of fruit trees is carry out by bees in 80%, there 

are also other insects such as the order of Coleoptera (Cantarophyll) and Diptera, among them 

the flies (myophyl) which are associated with the pollination of crops. Therefore, it is necessary 

that chemical insecticides do not generate a severe toxicity to the main natural pollinators of 

crops [22]. 

 
To reduce the ecological risk due to the use of thiamethoxam, it is necessary to carry out low 

dose applications of this insecticide for the control of pests, in this sense to reduce damage to 

soil, water, environment and public health. Considering also combining them with other 

sustainable technologies in the cultivation of papaya, such as the application of biofertilizer 

based on mycorrhizae (Glomus intraradices), by doing this, the nutrition of the crop is improved 

and consequently, the stress of the plant is reduced, decreasing vulnerability to the presence of 

pests [14]. 

 

4. Conclusions and Recommendations  
 

The use of thiamethoxam is efficient and recommended if applied to the foliage in a controlled 

dose of 0.3 kg/ha. Through this application, the residual effect of thiamethoxam, in a 16-day time 

interval, reached a gross mortality rate of 241 individuals. According to this dose of 

concentration and time of exposure, populations of pests such as Bemisia tabaci, Myzus persicae, 

Frankliniella occidentalis and Toxotrypana cuirvicauda are reduced in the cultivation of papaya 

(Carica papaya Linnaeus).  

 
When applying thiamethoxam to the foliage with a dose of 0.3 kg/ha, it prevents the appearance 

of a lower diversity of individuals from pest populations, coming from nearby farming systems. 

When low doses are used in the soil, damage to the macrofauna and microflora is reduced, the 

concentration of thiamethoxam in the papaya fruit is lower and, in turn, fruit with quality and 

safety for its consumption. 

 
Another important aspect is to use the appropriate dose of thiamethoxam in the culture, since due 

to its high solubility in water, the use of low doses helps to reduce ecological risks. Mainly when 
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this pesticide participates in the runoff processes that contaminate surface waters of aquatic 

systems 
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