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ABSTRACT 

The objective of this work was to verify the growth and yield of the strawberry crop, as well as 

the population of the two-spotted spider mite, Tetranychus urticae (Koch, 1836) (Acari: Tetranychidae) 

and the predatory mite Phytoseiulus macropilis (Banks) (Acari: Phytoseiidae), as a function of nitrogen 

and potassium doses. The experimental design was in randomized blocks. The treatments consisted of 

combinations of nitrogen (N) and potassium (K) applied by fertigation in kg ha-1 in the form of urea 

and potassium chloride: 200N and 200K2O; 200N and 400K2O; 400N and 400K2O; 400N and 800K2O; 

and a blank control. The predatory mite showed a higher occurrence shortly after the peak population 

of the spider mite. The combination of 200 kg ha-1 of N with 400 kg ha-1 of K2O increased strawberry 

yield and decreases the incidence of the two-spotted spider mite. 
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INFLUÊNCIA DAS ADUBAÇÕES NITROGENADA E POTÁSSICA NO CRESCIMENTO E 

PRODUÇÃO DA CULTURA DO MORANGUEIRO E NA OCORRÊNCIA DE ÁCAROS 

RAJADOS E PREDADORES  

 

RESUMO 

Objetivou-se neste trabalho verificar o crescimento e a produtividade da cultura do 

morangueiro, bem como a população de ácaro-rajado, Tetranychus urticae (Koch, 1836) (Acari: 

Tetranychidae) e a do ácaro predador Phytoseiulus macropilis (Banks) (Acari: Phytoseiidae) na cultura 

do morangueiro em função de doses de nitrogênio e potássio. O delineamento experimental utilizado 
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foi em blocos ao acaso. Os tratamentos constaram de combinações de nitrogênio (N) e potássio (K) 

aplicados via fertirrigação em kg ha-1 na forma de ureia e KCl: 200N e 200K2O; 200N e 400K2O; 400N 

e 400K2O; 400N e 800K2O; e uma testemunha. O ácaro predador apresentou maior ocorrência logo 

após o pico populacional do ácaro rajado. A combinação de 200 kg ha-1 de N com 400 kg ha-1 de K2O 

aumentou a produtividade do morangueiro e diminui a incidência do ácaro rajado.  

 

Palavras-chave: Fragaria x ananassa, Tetranychus urticae, Phytoseiulus macropilis 

 

INTRODUCTION 

 The production of strawberry (Fragaria x ananassa Duch), a crop classified as a fruiting herb, 

is of great economic importance (AMIL-RUIZ et al., 2011). In Brazil, the southern region of Minas 

Gerais state is the main producer of this plant, which has been commercially successful due to its 

organoleptic and nutritional characteristics (PEREIRA et al., 2013; ANTUNES et al., 2007). 

In the strawberry crop diseases and pests can significantly compromise production. Among the 

main pests that may cause the greatest injuries and thus damage the crop, the two-spotted spider mite 

Tetranychus urticae (Koch, 1836) (Acari: Tetranychidae) stands out. It is currently considered the main 

pest of the strawberry plant (LOPES et al., 2005), and it is widespread across Brazil (MORAES et al., 

1992).  

The predatory mite Phytoseiulus macropilis (Banks) (Acari: Phytoseiidae) is considered a 

specialist mite, and its occurrence is directly influenced by the population of the spider mite (FERLA et 

al., 2007). In the strawberry crop this mite is found preying on populations of the spider mite, and it is 

thus considered a potential biological control agent (FADINI et al., 2004). Due to its natural occurrence 

in the strawberry crop, it is important to adopt tactics that might help in maintaining its population, for 

example using appropriate fertilizer strategies. 

The physiological state of the plants in function of their nutrition may also be related to pest 

attacks. Both excess and lack of nutrients can spoil the plant physiological balance, influencing yield 

and pest attacks (MARSCHNER, 1995; MICHEREFF FILHO et al., 2008). When supplied in an 

unbalanced way, nitrogen and potassium can favor the occurrence of pests in a number of crops 

(CHAU & HEONG, 2005). In the strawberry crop, these nutrients can alter the population dynamics of 

harmful mites (CARDOSO et al., 2002); this is the case especially with nitrogen, which may increase 

the two-spotted spider mite fecundity (DAUGHERTY, 2011).    
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Information about the appropriate management of nutrients for the strawberry crop and its 

response to fertilization are needed in order to understand the relationship between plant nutrition and 

the population dynamics of pests such as the two-spotted spider mite (RIBEIRO et al., 2012). 

Therefore, this study aiming at verifying strawberry growth and yield, the population of the two-spotted 

spider mite, and the population of the predator mite in the strawberry crop, in function of combined 

fertilization with nitrogen and potassium.  

 

MATERIAL AND METHODS 

The experiment was carried out in field conditions, in strawberry beds protected by an 

agricultural greenhouse, of the forcing tunnel model, in the county of Inconfidentes, southern Minas 

Gerais State, Brazil from August to November 2015.   

In the experimental area, the soil was classified as a haplic Gleysol, according to Santos et al. 

(2013), with a surface layer (0 to 20 cm) that presented routine initial chemical characterization 

(SILVA, 1999): pH in H2O = 6.0; P-Mehlich = 75 mg.dm-³; K= 64 mg.dm-³; Ca= 5.0 cmolc.dm-³; Mg = 

1.8 cmolc.dm-³; Al3+ = 0.3 cmolc.dm-³; V= 71% and organic matter = 31 g.dm-³.  

In the area where the experiment was conducted lime was not applied, because the base 

saturation (V%) of the soil was above that considered appropriate for the crop and fertilization at 

planting was carried out with an application of 400 kg ha-1 of P2O5, in the form of simple 

superphosphate (18% de P2O5), across the whole area, followed by incorporation (NANNETTI & 

SOUZA, 1999). The rainfall and temperature data during the experimental period are presented (Figure 

1). 

The design used was in randomized blocks, with five treatments and four repetitions. The 

treatments were composed of combinations of doses of N and K2O, respectively, 200 and 200; 200 and 

400; 400 and 400; and 400 and 800 kg ha-1; and one blank control, which was not fertilized with N and 

K2O. The sources of nutrients used were urea (45% of N) and potassium chloride (58% of K2O). 

Each repetition was arranged in a planting bed of 25 m in length by 1.50 m in width. The 

strawberry cultivar (Fragaria x ananassa Duch.) used was Oso Grande, and the seedlings at the 

moment of being transplanted presented a length of about 8 cm and 3 to 4 leaves. Spacing between 

plants was 0.3 m and between rows was 0.35 m. The total area of each plot was composed of 3 rows of 

plants, measuring 4 m in length, totaling 39 plants, and the useful area of each plot was the central 15 

plants.  
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Figure 1. Mean precipitation (mm) and temperature (oC) during the months of August to November, 

Inconfidentes –MG, 2015.  

 

Fertilization with nitrogen and potassium, in accordance with the treatments, was applied by 

fertigation, which took place every two days, together with irrigation, throughout the whole crop cycle. 

The irrigation was carried out throughout the period of the experiment, considering the precipitation 

and evaporation of water, evaluated in a "class A" tank. Drip irrigation was used, with a space of 0.25 

m between nozzles, a flow of 60 ml minute-1, totaling 2.4 L hour-1 per plot.  

Population monitoring of the two-spotted spider mite and of P. macropilis was carried out 

weekly, from August to November, totaling 16 evaluations. At each evaluation there was a randomized 

collection of two leaflets per plant in the useful area of the plots. In the laboratory the number of two-

spotted spider mites and of P. macropilis on each leaflet were identified and quantified, with the help 

of a stereoscopic microscope, at an enlargement of 40x. Twenty six collections were carried out in the 

useful area of each plot, and evaluations were made of total crop yield, percentage loss of fruit weight, 

and content of total soluble solids. At the end of the experiment evaluations were made of fresh and dry 

mass of the above-ground parts and root system of the strawberry plants.  
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The results were submitted to analysis of variance (ANOVA), and the means were compared by 

Scott-Knott test, at 5% probability, with the help of the statistical program SISVAR (FERREIRA, 

2011). 

 

RESULTS AND DISCUSSION 

Fertilization with nitrogen and potassium affected the production of fresh mass of both the 

aerial part and the root system, and also the yield of the strawberry plants (Tables 1 and 2). The 

combinations of 200 N and 200 K2O; 200 N and 400 K2O and 400 N and 400 K2O kg ha-1 provided a 

greater production of fresh mass in the aerial part of the plants in relation to the control treatment.  For 

the production of fresh root mass, the combinations of 200 N and 400 K2O, and of 400 N and 800 K2O 

kg ha-1 were superior to the others; in relation to the fruit yield the doses of 200 N and 400 K2O kg ha-1 

was the most appropriate. The treatment that received the association of the highest doses of N (400 kg 

ha-1) and of K2O (800 kg ha-1) presented the lowest production of fresh mass in the aerial part and the 

lowest yield. The other parameters evaluated – dry mass of the aerial part (33.9 ± 4.1 g plant-1) and of 

the roots (2.8 ± 0.4 g plant.-1), loss of weight (15.2 ± 0.9%) the content of soluble solids in the fruit (6 ± 

0.5ºBrix) – were not affected by the doses of the nutrients. 
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Table 1. Fresh and dry mass of the aerial part and the root system of the strawberry plant in function of 

fertilization with nitrogen and potassium. Inconfidentes – MG, 2015.  

 

Combinations 

N:K2O (kg.ha-1) 

FMAP 

(g plant-1) 

FMRS 

(g plant-1) 

DMAP 

(g plant-1) 

DMRS 

(g plant-1) 

200: 200 126.50 A 13.25 B 32.00 A 3.00 A 

200: 400 131.00 A 16.50 A 39.25 A 3.25 A 

400: 400 132.75 A 13.25 B 34.75 A 2.75 A 

400: 800 90.25 C 15.00 A 28.25 A 2.75 A 

Control 105.75 B 10.75 C 35.25 A 2.25 A 

CV (%) 14.23 16.50 18.14 20.10 

FMAP – fresh mass of aerial part; FMRS – fresh mass of root system; DMAP – dry mass of aerial part; DMRS – dry mass 

of root system. 

Means followed by the same letter in the column do not differ from one another by Scott-Knott test (p>0.05).  

 

Table 2. Yield of strawberry plant, loss of weight and content of total soluble solids in the strawberry 

fruit in function of fertilization with nitrogen and potassium. Inconfidentes – MG, 2015.  

Combinations 

N:K2O (kg.ha-1) 

YSP (t ha-1) FWL (%) TSS (ºBRIX) 

200: 200 37.25 B 13.80 A 6.00 A 

200: 400 45.97 A 14.99 A 5.50 A 

400: 400 36.05 B 16.06 A 5.75 A 

400: 800 25.12 C 16.11 A 6.75 A 

Control 32.95 B 15.25 A 6.00 A 

CV (%) 20.64 15.25 17.01 

YSP – yield of strawberry plant; FWL – fruit weight loss; TSS – total soluble solids in fruit. Means followed by the same 

letter in the column do not differ from one another by Scott-Knott test (p>0.05).  

 

Ribeiro et al. (2012) did not verify an effect of fertilization with nitrogen and potassium, via 

fertigation, on the total and commercial production of strawberry plants, in the number of fruits per 

plant and in the mean weight of fruit. Souza et al. (2014) observed that fertilization with potassium, in 

fertigation, increased the production of dry mass in the aerial and root parts of the strawberry plant, 

cultivar Oso Grande, but it reduced yield, the number and weight of fruits per plant, possibly because 

of the saline index of the fertilizer.  Fischer et al. (2015) affirmed that the doses of 20; 26.6; 33.3 and 
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40 kg.ha-1 of N applied at planting, associated with the application of 180 kg.ha-1 of N as dressing, did 

not affect the production of the four cultivars of strawberry, including the cultivar Oso Grande.  

There was an effect (p<0.05) of fertilization with nitrogen and potassium on the populations of 

two-spotted spider mite (Table 3).  However, for the population of P. macropilis no significant effect of 

the treatments was noted, and the mean value of the population was 9.74±1.6 individuals per leaflet. 

 The largest population of the two-spotted spider mite was found in the control treatments (218 

individuals per leaflet) and in the treatment with 400 kg.ha-1 of N and 800 kg.ha-1 of K2O (180.75 

individuals per leaflet) (Table 3). For the other combinations there was a lower occurrence of this mite.  

 

Table 3 – Mean population of Phytoseiulus macropilis and two-spotted spider mite on strawberry 

plants in function of fertilization with nitrogen and potassium. Inconfidentes – MG, 2015.  

Combinations 

N:K2O (kg.ha-1) 

Phytoseiulus 

macropilis 

Tetranychus urticae 

200: 200 8.75 A 93.30 A 

200: 400 10.31 A 74.36 A 

400: 400 11.87 A 51.94 A 

400: 800 7.68 A 180.75 B 

Control 10.12 A 218.00 B 

CV (%) 45.61 62.22 

Means followed by the same letter in the column do not differ from one another by the Scott-Knott test (p>0.05).   
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Figure 2. Fluctuation in the population of two-spotted spider mite on strawberry plants, cultivar Oso 

Grande, submitted to fertigation with different ratios of N and K. Evaluations carried out between 

August and November; means (± SD) followed by an asterisk are significantly different for that period 

of sampling, by Scott-Knott test, as 5% probability. Inconfidentes – MG, 2015 

 

The increase in the population of the two-spotted spider mite observed in the treatment with the 

greatest dose of the N and K combination is correlated with the lowest strawberry production, which 

probably occurred due to the imbalance in nutrients (MALAVOLTA et al., 1997), leaving the plants 

more susceptible to pests. Additionally, nitrogen in high concentrations makes the plant tissue tenderer 

and increases the concentration of free amino acids in the apoplast and on the cell surface, which favors 

a higher incidence of insects (BARROS et al., 2007). According to Daugherty (2011), high nitrogen 

content boosts the reproduction and fecundity of the two-spotted spider mite, thus increasing its 

population in productive areas. 
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Figure 3. Population fluctuation of Phytoseiulus macropilis on strawberry plants, cultivar Oso Grande, 

submitted to fertigation with different ratios of N and K. Evaluations carried out between August and 

November; means (± SD) followed by an asterisk are significantly different for that sampling period, 

by Scott-Knott test, at 5% probability. Inconfidentes – MG, 2015.  

 

In relation to potassium, as it participates in the assimilation of nitrogen by plants, its deficiency 

or excess provokes an accumulation of soluble amino acids, which are nutrients for the pests. 

Furthermore, cell turgor can be lost under these conditions, and this may become a physical factor that 

makes pest attacks easier (YAMADA, 2004).   

Various studies have already been carried out to evaluate the effect of fertilization on the 

population of mites and aphids, and the results have been contrasting. Michereff Filho et al. (2008) 

affirmed that different levels of fertilization with N and K, via fertigation, did not affect the infestation 

and the severity of the damage done by the mite Aceria guerreronis (KEIFER) (Acari: Eriophyidae), on 

coconut. Najafabadi et al. (2011) verified an increase in the population of the two-spotted spider mite 

with an increase of doses of nitrogen in bean plants. Mohiseni et al. (2011) verified that the population 
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density of the two-spotted spider mite was significantly less in plants that received high proportions of 

K in relation to N on bean plants. Ribeiro et al. (2012) noted that alterations in the ratios between N and 

K in the management of fertilizers did not efficiently control the two-spotted spider mite on strawberry 

plants. However, these authors observed that nitrogen fertilization increased the population density of 

the two-spotted spider mite, while potassium fertilization had a negative effect on the population 

dynamics of this strawberry pest.   

The peak in the two-spotted spider mite population, in all treatments, took place in the month of 

September, when the precipitation was low and the temperature started to increase, which is in 

agreement with data reported by Lopes et al. (2005), who observed greater populations of two-spotted 

spider mites in the months of August and September. From October, with the start of the wet season, 

the population of this pest decreased (Figure 2). An increase in the two-spotted spider mite population 

on strawberry plants in the period with lower precipitation and the absence of predators, both of which 

are factors that make controlling this pest difficult, were also reported by Fadini et al. (2004).   

In relation to the predatory mites, the occurrence was detected from October, and the population 

peak was observed in the second week of November (Figure 3). This may possibly have happened due 

to the higher incidence of the two-spotted spider mite in September, which provided a food source for 

the predator mite and may have led to an increase of its population. After this peak there was a 

reduction in the predator mite in the fourth week of November, probably due to a lack of the two-

spotted spider mite. The mite P. macropilis is a specialist as regards its eating habit, exclusively 

consuming mites belonging to the genus Tetranychus. The specialist mites reproduce more quickly than 

the generalists when food availability is high. When the population density of the two-spotted spider 

mite is low, P. macropilis normally disperses outside the cultivated area in search of more food 

(MCMURTRY & CROFT, 1997). It should be noted that during the experiment no chemical agent to 

kill mites was used. 

The highest dose of fertilizer promotes a fall in yield and an increase in the two-spotted spider 

mite population; the population of P. macropilis accompanies the growth of the two-spotted spider mite 

population.  Balanced fertilization in the strawberry crop is an important tool for the appropriate 

development and productivity of the crop, as well as directly influencing population peaks of pest and 

predator mites.  
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CONCLUSIONS 

The combination of 200 N and 200 K2O; 200 and 400 K2O and 400 N and 400 K2O kg.ha-1 in 

fertigation reduced the incidence of the two-spotted spider mite. The population of P. macropilis 

accompanied the population growth of the two-spotted spider mite and the combined dose of 200 N and 

400 K2O kg.ha-1 presented the highest yield for the strawberry plant.   
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