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AGRONOMY (AGRONOMIA)

ABSTRACT: The influence of different nitrogen and potassium ratios on mineral nutrition and resistance of tomato plants to 
leafminer fly attack was evaluated. Tomato variety Alambra F1 was grown to conduct the experiment in a randomized block 
design, with 4 repetitions, in a 5 × 5 factorial scheme, being 5 doses of nitrogen and 5 doses of potassium at levels 0, 50, 100, 
150, and 200% for each nutrient and in a 5 × 5 factorial design, being 0, 0.5, 1, 1.5, and 2 for each ratio between nitrogen 
and potassium (N/K) in the analyses on the leafminer fly. For infestation, the 3rd or 4th leaf was selected and covered with a 
Voile-type cloth bag with 10 leaf fly adults for 24 hours. The confinement test took place on the 3rd or 4th leaf, where nitrogen 
and potassium contents, larval and pupal duration and viability, longevity and sex ratio of the adults were also analyzed. The 
tomato plants showed increasing levels of nitrogen and potassium as their respective levels increased in the combinations 
studied. The N/K 1/1 ratio showed unfavorable averages for the insect as egg viability and/or larval development of Liriomyza 
sativae, indicating a possible induced resistance of the tomato plants to the leafminer fly.
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Influência do nitrogênio e potássio na nutrição do tomateiro e em sua resistência 
a Liriomyza sativae (Diptera: Agromyzidae) em casa de vegetação

RESUMO: Avaliou-se a influência de diferentes relações entre nitrogênio e potássio sobre a nutrição mineral e resistência 
do tomateiro ao ataque de mosca-minadora. Cultivou-se o tomate variedade Alambra F1 para se conduzir o experimento em 
delineamento em blocos casualizados, com 4 repetições, num esquema fatorial 5 x 5, sendo 5 doses de Nitrogênio e 5 doses 
de Potássio nos níveis 0, 50, 100, 150 e 200% para cada nutriente e num desenho fatorial 5 x 5, sendo 0, 0,5, 1, 1,5 e 2 para 
cada relação entre Nitrogênio e Potássio (N/K) nas análises sobre a mosca-minadora. Para infestação, selecionou-se a 3ª 
ou 4ª folha que então foram cobertas por uma sacola de tecido tipo Voal com 10 adultos de mosca-minadora por 24 horas. 
O teste de confinamento se deu na 3ª ou 4ª folha, onde também se analisou os teores de nitrogênio e potássio, duração e 
viabilidade larval e pupal, longevidade e razão sexual dos adultos. O tomateiro apresentou teores crescentes de nitrogênio 
e potássio à medida que se aumentou seus respectivos níveis nas combinações estudadas. A relação N/K 1/1 apresentou 
médias desfavoráveis ao inseto como viabilidade dos ovos e/ou desenvolvimento das larvas de Liriomyza sativae, indicando 
uma possível resistência induzida do tomateiro à mosca-minadora. 
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Introduction
Tomato (Solanum lycopersicum (L.) H. Karst.) is one 

of the most widely planted vegetable crops in Brazil 
(Cepea, 2019/2020). In all producing states, the intensive 
management of the crop stands out, with the application of 
pesticides to control pests and diseases, as well as the use of 
chemical fertilizers, especially the macronutrients nitrogen, 
phosphorus, and potassium (Oliveira, 2014). Among the pests 
of relevance to tomato, the leafminer fly Liriomyza sativae 
Blanchard (Diptera: Agromyzidae) is of nationwide importance 
due to how quickly it acquires resistance to insecticides 
registered for the crop (Costa-Lima et al., 2019).

In tomato, potassium is taken up in larger amounts when 
compared to other nutrients, and together with nitrogen, 
which has a prominent role in protein production, contribute 
directly to fruit yield and quality (Felix et al., 2015) and also 
has a prominent role as an enzyme activator (Butzke, 2019). 
In turn, the unbalanced supply of these nutrients to tomato 
plants favors, to some degree, that their tissues become 
food for phytophagous insects (Becker et al., 2016). Under 
these conditions, the leafminer fly feeds on the leaves of the 
tomato plant, reducing its photosynthetic capacity, affecting 
the entire plant. Thus, as a consequence of this attack, the 
severely attacked leaves dry out and fall, exposing the fruit 
to solar radiation, decreasing its commercial viability, thus 
affecting the quality of its production (Oliveira, 2014).

Francis Chaboussou was a pioneer in correlating the 
susceptibility of plants to pest attack due to nutritional 
imbalance in the soil, proposing based on the conclusions of 
his studies the trophobiosis theory (Santos & Silva, 2020). From 
his analyses, some studies have been conducted evaluating 
the effects of fertilization on the occurrence of pests. However, 
despite the great relevance of the theme, the difficulty in 
establishing an interdisciplinary research group, a fact present 
in most works, hinders the prevalence of this type of study.

Therefore, this work aims to evaluate the effects of 
different nitrogen and potassium ratios on mineral nutrition 
and resistance of tomato plants to attack by leafminer fly L. 
sativae under greenhouse conditions.

Materials and Methods
Experiment setup

The experiment was conducted in the greenhouse of 
the Center for Scientific and Technological Development in 

Phytosanitary Management of Pests and Diseases (NUDEMAFI), 
located in the Center for Agricultural Sciences of the Federal 
University of Espírito Santo (CCA-UFES), 20o45’48” S latitude 
and 41o31’57” W longitude, at an altitude of 150 m in Alegre, 
ES, Brazil. According to Incaper (2020), the predominant climate 
is hot and humid in summer and dry winter, average annual 
rainfall of 1,200 mm and average annual temperature of 22.2 
oC, with daily highs of 29 oC and lows of 16.9 oC.

The soil used is a dystrophic Red-Yellow Latosol, medium 
texture, collected at a depth of 0-20 cm, which after being 
collected it was air-dried, crushed, and passed through a 
2.0 mm sieve to obtain fine air-dried soil (FADS). After that, 
it was chemically and physically characterized using the 
methodology described by Teixeira et al. (2017). 

To correct soil acidity, magnesian limestone was used, 
properly homogenized, applied to samples with a volume 
of 1.7 dm³ of FADS, seeking to reach 80% base saturation, 
according to Prezotti et al. (2007) by means of incubation 
(Freire et al., 1980). The moisture content of the pots was 
raised until it reached 60% of the total pore volume.

Tomato seeds of the Alambra F1 variety were sown and 
after reaching a height of 10.0 cm one seedling per pot of 2.0 
dm³ was transplanted. When they reached the height of 30.0 
cm the plants were staked. The average final weight of the 
pots was 2.37 kg.

Fertilization with nitrogen and potassium was done with 
ammonium sulfate P.A., calcium phosphate P.A. and monobasic 
potassium chloride P.A. via irrigation water. For this, we used 
morning and afternoon weighing of the pots, replacing the 
weight lost during the day through two irrigations as proposed 
by Novais et al. (1991). Weed control was done manually. The 
experimental period was 45 days, from transplanting to pupae 
collection. 

Evaluation of nutritional parameters
To evaluate the influence of different doses of nitrogen and 

potassium on the nutritional parameters, related to nitrogen 
and potassium leaf levels of tomato plants, a randomized 
block design was used for the experiment, distributed in a 5 × 
5 factorial scheme, with 4 repetitions (Table 1).

Phosphorus was applied in a single plot and its amount 
was the same for all treatments, corresponding to 300 mg kg-1. 
At the same time, half of the nitrogen and potassium doses, 
applied moments before transplanting the tomato plants, 
were placed. Fifteen days after transplanting, the other half of 
the N and K doses were applied via irrigation water. 

Table 1. Relationships and levels of nitrogen and potassium based on the adequate content for tomato proposed by Prezotti 
et al. (2007).
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At 45 days after transplanting, the 3rd or 4th leaf of the 
tomato plant was cut, where the leafminer fly adults were 
confined. The leaves were placed in properly identified paper 
bags and taken to a forced air circulation oven at a temperature 
of 65 °C for 72 hours. The dried material was ground in a Wiley 
mill, equipped with a stainless steel sieve with 0.42 mm mesh, 
and packed in paper bags properly identified for chemical 
analyses of the macronutrient contents of nitrogen (N) and 
potassium (K).

Evaluation of entomological parameters
For the analysis of entomological parameters related to the 

leafminer fly, the experiment was conducted in a randomized 
block design with 25 treatments [ratios of the adequate 
dose of nitrogen/potassium (g/vase)] in each block, with 4 
repetitions, as proposed in the nutrient parameter analysis.

To obtain the adults of L. sativae used in the experiment, 
we resorted to stock breeding at the Center for Scientific and 
Technological Development in Phytosanitary Management 
of Pests and Diseases (NUDEMAFI), which uses a breeding 
methodology adapted from Costa-Lima et al. (2017).

To evaluate the resistance of tomato plants to the 
leafminer fly under different N/K ratios, a confinement test 
was conducted on 40-day transplanted tomato plants. For 
infestation, a leaf was selected from the plants found in 
the area indicated as pest attack, located in the upper third 
(3rd or 4th leaf from the apex of the plant) (Fornazier et al., 
2010). After the leaf was selected, it was wrapped with a 22 
cm long by 15 cm wide voile type fabric, which constituted a 
bag. Subsequently, ten 24-hour-old leafminer fly adults were 
aspirated from Petri dishes used for stock brood maintenance 
into 1.5 cm diameter by 2.5 cm high acrylic tubes, which were 
then sealed with plastic film. These acrylic tubes were inserted 
from the base of each voile bag, the plastic film removed, and 
then the voile was attached to the leaf sheath using crepe 
tape. Adults of L. sativae were confined for 24 hours to enable 
crossing and oviposition on the leaflet. 

After this period, the bags with the insects were removed 
from the leaves, which were properly identified. The infested 
plants were kept in the greenhouse and monitored daily 
during the egg and early larval stages with the aid of a pocket 
magnifier at 30× magnification. From the observation of larval 
development, the bags were placed back on the leaves and 
remained until the pre-pupa emerged while still in the mobile 
stage, when the leaves were then removed. The pupae from 
each repetition were counted and separated individually in 
minigerbox-type plates (2.5 cm diameter and 1.5 cm high), 
lined with filter paper and placed in an air-conditioned 
chamber (B.O.D.) with a 12 hour photoperiod and a 28 ºC 
daily temperature and humidity of 50%.

Entomological variables analyzed in the Entomology 
Laboratory of NUDEMAFI and consisted of larval and pupal 
duration and viability, longevity and sex ratio of adults. To 
measure the larval stage, the leaves on which they were 
subjected to confinement were observed, identifying the 
punctures, and following their development using a magnifying 

glass at 30× magnification. After hatching, the duration of the 
larval period was counted until the pre-pupa emerged. The 
pupal duration was measured by counting the days from the 
exit of the pre-pupa from the leaf to the emergence of the 
adult. The sex ratio was calculated using the formula: rs = no. 
of females/no. of females + no. of males.

Statistical analysis
Data were subjected to analysis of variance using 

SISVAR software (Ferreira, 2019) and when significant for 
the quantitative factors (nitrogen and potassium contents 
found in the 3rd or 4th leaf), response surface was used in the 
presentation of graphs for the pair. The models were chosen 
based on the significance of the response surface coefficients, 
using Student t-test at 5% probability, and by the coefficient 
of determination (R²). For the significant qualitative factors 
related to entomological variables (larval viability, pupal 
viability, duration of larval and pupal stages, sex ratio, and 
longevity), the Scott-Knott test (p ≤ 0.05) was used to compare 
the treatments. 

Results and Discussion
Nutritional parameters

The interaction between nitrogen and potassium levels 
proved to be significant (p < 0.05) for the N contents of the 
3rd or 4th leaf of the tomato plant with fitting of the results to 
the polynomial model (Figure 1). An increase in N contents 
was observed on the response surface as an increase in the 
combinations of nitrogen and potassium was obtained up to 
the highest level studied for both nutrients. In the combination 
of the lowest levels of nitrogen and potassium applied (0%, 
respectively) the lowest average nitrogen content (7.87 g kg-1) was 
obtained. In the other combinations, an increase in N contents 
was observed, with the highest average nitrogen content (19.68 
g kg-1) obtained in the combination of 200% nitrogen and 200% 

Figure 1. Nitrogen contents (g kg-1) of the 3rd or 4th leaf of 
tomato (Solanum lycopersicon), as a function of applied 
potassium and nitrogen levels.
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potassium (Figure 1). The combinations between 200% K with 
0, 50, and 100% N showed the slowest growth rate for nitrogen 
content among all the ratios (Figure 1).

K is an important agent in the metabolism of nitrogen 
compounds (Butzke, 2019). The increased N content resulting 
from the combinations of nitrogen and potassium may have 
occurred as a consequence of the increased levels of K in the 
soil, a fact that may have favored increased N uptake in the 
form of ammonium (NH4

+). Nitrogen uptake can be stimulated 
by potassium supply (Pinto & Araújo, 2019), so knowledge 
of the relationship of potassium on nitrogen is necessary. 
Silva et al. (2016) stated that when potassium fertilization 
is insufficient, this can cause increased NH4

+ adsorption by 
the soil, negatively influencing N availability to plants. These 
findings are due to the fact that K+ competes with NH4

+ for 
soil exchange complex sites, and higher levels of potassium in 
the soil would leave more NH4

+ free in solution for uptake by 
the tomato plant. Another fact that may also have contributed 
to the influence of potassium levels on nitrogen contents was 
that the amount of nitrogen found in the leaf dry mass (g kg-1) 
was lower than the amount of K in the leaf dry mass (g kg-1), 
indicating that, proportionally, there was a greater uptake of 
potassium and this may have resulted in a greater influence of 
this nutrient on nitrogen.

The potassium contents of the 3rd or 4th leaf of the tomato 
plant showed significant quadratic fits (p < 0.05) for the 
interaction between nitrogen and potassium levels (Figure 2). 
The lowest average K contents (18.89 g kg-1) were found at the 
0% potassium level combined with all N levels (Figure 2). The 
highest average value was obtained at the 200% K and 50% 
N dose, corresponding to 37.58 g kg-1. As the levels of K were 
increased from 0% to 200%, regardless of the combination that 
was established with N, an increase in the average potassium 
content was observed (Figure 2), indicating that this nutrient 
was not affected by nitrogen in terms of its uptake, perhaps 

due to the fact that, proportionally, potassium was taken 
up in greater quantity than nitrogen, and was therefore not 
influenced by this nutrient. In the combination between the 
200% K doses and the different nitrogen levels, it was noted 
that there was an increase in the average potassium contents 
between 0, 50 and 100 N, decreasing at 150 and 200 N, being 
30.76, 37.01, 37.58, 32.68, and 28.69, respectively (Figure 2).

This result evidenced that there was no influence of the 
nitrogen source on the potassium contents, which allowed the 
plants to absorb and allocate K contents in the leaves under 
confinement as a function of the applied levels. The interaction 
between K and N is usually of the non-competitive type, 
allowing nitrogen uptake to raise the demand for potassium 
(Silva et al., 2016). Oliveira (2014) pointed out that although 
there is competition between NH4

+ and K+ because both bind 
equally to soil particles, this competition is unidirectional, 
as K+ has a negligible effect when compared to the amount 
of root uptake of NH4

+. The effects on potassium contents 
found at the 150 and 200% N levels are due to the growth 
stimulation caused by the extra N supply to the tomato plant, 
probably causing the dilution phenomenon. 

Entomological parameters
The number of larvae per leaf was lower in N/K ratios that 

had no nitrogen (0% N associated with 0, 0.5, 100, 150, and 
200% of potassium), where half of the nitrogen was supplied 
(except 0.5/0.5 and 0.5/2), at the recommended nitrogen dose 
for the crop (100% N) associated with increasing increases in 
potassium to the appropriate level (1/0, 1/0.5, and 1/1). The 
same result was obtained for nitrogen doses at levels 50% 
higher than recommended, associated with potassium doses, 
except at 1.5/0.5, and at the highest nitrogen doses associated 
with extreme potassium levels (2/0 and 2/2) (Table 2). In a 
condition where adult females of L. sativae could not choose 
another leaf for oviposition other than the one available in 
the treatments under confinement, it was seen that the 
lowest amount of larvae mostly occurred in conditions where 
the nitrogen offered was below 200% of that indicated for 
tomato, except in 0.5/0.5, 0.5/2, 1/1.5, ½, 1.5/0.5, 2/0.5, 2/1, 
and 2/1.5. 

In this work, lower leaf nitrogen offerings appeared to have 
stimulated proof-biting of the insects. Once leaf was identified 
as low-quality food for the offspring, it may be that L. sativae 
females tended to lay fewer eggs and/or once oviposited, the 
larvae that hatched showed mortality after hatching in some 
quantity by starvation while still in the leaf mesophyll, while 
others reached the pupal stage. The result under confinement 
condition also showed that L. sativae showed lower number 
of larvae per leaf in the ratios where potassium content 
is equal or higher than nitrogen content, except at 0.5/0.5, 
0.5/2, 1/1.5, and 1/2. It was also found under the conditions 
of this work that the absence of nitrogen or potassium via 
tomato nutrition was a conditioning factor for a lower number 
of larvae per leaf.

The duration of the larval phase (viable larvae) was 
shorter in treatments where the nitrogen and potassium 

Figure 2. Potassium contents (g kg-1) of the 3rd or 4th leaf of 
tomato (Solanum lycopersicon), as a function of applied 
potassium and nitrogen levels.
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ratio was 0/0.5, 0/1.5, 0/2, 1.5/0, and 1.5/2, indicating that 
these levels collaborate to the shortening of the life cycle of 
the leafminer fly, and that there may be an increase in the 
number of generations throughout the year, which would 
make the plants more susceptible to its attack. In the absence 
of nitrogen application, the potassium levels found varied, 
showing that when viable, there was a greater dependence on 
K by the larvae compared to N. At the 1.5/0 and 1.5/2 dose it 
was found that when the N dose is 50% higher than adequate, 
there is no dependence on K for the reduction of this phase, 
but when present, potassium should be higher than nitrogen 
(1.5/2). Thus, in the relationships described, the duration of 
the larval stage ranged from 3.00 to 3.25 days (Table 2). Under 
field conditions and conventional cultivation, Fornazier et al. 
(2010) observed for this same pest a larval phase duration 
ranging from 6 to 10 days. The nutritional quality of insect food 
has a direct influence on the duration of the larval stage, since 
the duration of the biological cycle can be altered according to 
the quantity and quality of food consumed during this stage 
(Panizzi & Parra, 2009). The shorter duration of the larval 
stage in which the N/K ratios had absence of nitrogen and 
presence of potassium in the pot fertilization suggests that 
these nutritional conditions, for the leafminer fly adults under 
confinement, ensure a feeding condition capable of providing 
essential nutrients for larvae and at the same time provided 
higher developmental efficiency for this stage. However, 

it must also be assumed that shorter larval phase lengths 
may compromise the insect’s further development to adult 
viability, although the phase analyzed reflects that which 
relates to plant damage. It is worth noting that, although N 
was not supplied, the plants showed minimal levels of this 
nutrient. 

The lowest averages found for larval stage duration ranged 
from 4.5 to 6.5 days and pupal duration from 4.33 to 6.33 
days (Table 2). Costa-Lima et al. (2015) reviewing studies on L. 
sativae observed that the duration of the larval phase of this 
pest ranges from 5 days to 9 days in the pupal phase. The higher 
averages obtained in N/K ratios that had at least the minimum 
added nitrogen and potassium (50% below adequate) 
suggest that the leafminer fly adults under confinement 
would have the conditions that ensured a minimum feeding 
condition providing essential nutrients for larvae. Nitrogen 
plays an important role in several metabolic processes and 
in genetic encoding, thus interfering with insect growth and 
fecundity (Panizzi & Parra, 2009). Potassium, in turn, affects 
the leafminer fly even more, because it is indispensable to 
diptera (Chaboussou, 1999) and its demand is considerable 
to aid growth and development processes, as well as being 
important for ion balancing and membrane permeability.

The lowest larval viabilities (LV) of the leafminer fly were 
obtained in the treatments where the ratios between the 
levels were 0/0, 0/100, 100/0, 100/100 (Table 2), indicating 

* Averages followed by the same letter in the column do not differ at 5% by the Scott-Knott test.

Table 2. Average duration of larval and pupal stages and viability, pupal duration, longevity, and sex ratio of the leafminer fly 
Liriomyza sativae Blanchard as a function of nitrogen/potassium ratios for tomato (Solanum lycopersicum) fertilization.
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that, under controlled conditions in the greenhouse, these 
levels provided the tomato plant with a condition in which 
the plant made it impossible and/or reduced the feeding 
efficiency of L. sativae, since it did not allow the pest to 
advance in its life cycle, not causing damage to the crop. On 
the other hand, it is important to point out that only the 1/1 
level is agronomically indicated for the crop. Thus, within 
the limits established for the experimental conditions of the 
confinement, it can be assumed, based on the results obtained, 
that there are indications that the pest L. sativae presents 
lower infestation in the plant provided by the balanced use of 
nitrogen and potassium fertilization (1/1) recommended for 
tomato cultivation in the state of Espírito Santo. This finding 
is supported by Chaboussou (1999) through the trophobiosis 
theory, which states that the insects’ food satisfaction will 
only occur when the plant it intends to feed on is in the 
biochemical state corresponding to its trophic requirements. 
This requirement, mostly formed by the presence of free 
amino acids, sugars, and nitrates can be found in nutritionally 
unbalanced plants (Santos & Silva, 2020).

The viability of the larval stage represents one of the most 
important factors for population growth (Oliveira, 2014), 
since as larval viability decreases, the increase in the insect 
population is disadvantaged. There are several factors that 
corroborate this result. Nitrogen is important for the synthesis 
of amino acids and proteins, which are the limiting substances 
for insect survival. As its supply is inadequate to the tomato 
plant (levels 0 and 50%), which in turn was the food source for 
the leaf fly larvae, the production of amino acids and proteins 
in the leaf tissue is compromised. Already at the adequate 
level (100%), the appearance of free amino acids produced 
in the leaves is almost nil, which allows for increased plant 
resistance (Chaboussou, 1999). 

As for K levels, Becker et al. (2016) pondered that in 
plants grown without added potassium, there may be 
chemical changes inside the cell, such as accumulation of 
soluble nitrogen compounds. However, this may not have 
been observed because the nitrogen levels associated 
with the absence of potassium were insufficient to provide 
increased larval viability (N/K 0/0; N/K 0.5/0). However, at 
N/K 1/0 and N/K 2/0 although the N level is adequate or 
higher, it was not able to provide the necessary conditions 
for larval development. This may be related to the fact that 
although there was sufficient N availability for the leaf supply 
of amino acids and proteins, the absence of potassium made 
the leaf tissue unsuitable for feeding L. sativae, probably 
because potassium is essential to the diptera (Chaboussou, 
1999). As for the adequate level for nitrogen and potassium 
(N/K ratio 1/1), it can be observed that a 100% K input is 
necessary for the amino acids to be adequately utilized by 
the plants in protein synthesis (Chaboussou, 1999). However, 
it is worth noting that among the ratios that showed the 
greatest potential in inducing resistance to L. sativae, only 
the N/K 1/1 ratio contemplates what it was proposed by 
Liebig through the Law of the Minimum, indicating that in 
the use of 100% adequate levels of nitrogen and potassium 

there was no limiting nutrient for tomato plant production 
(Pereira et al., 2019).

Analyses of the relationships between nitrogen and 
potassium on tomato leafminer fly resistance discussed for the 
larval viability parameter also allows to verify their effects on 
susceptibility, because as resistance decreases, susceptibility 
increases (Oliveira, 2014). The parameters that obtained 
different averages from those where the plants manifested 
induced resistance indicate N/K ratios more favorable to the 
pest, i.e., those where the plants became more susceptible.

The duration of the pupal phase (DFP) showed no statistical 
difference between the means obtained, indicating that the 
different levels of nitrogen and potassium were not able to 
influence this parameter between the treatments. However, 
it was possible to verify that at the N/K ratios that had at least 
the minimal addition of nitrogen and/or potassium, except 
at N/K 1/1, it was possible to determine the duration of the 
pupal phase (Table 2).

Pupal viability (PV) was highest at N/K ratios 0/0.5, 1.5/2, 
2/1, 0.5/0.5, 1.5/0, 1/0.5, 2/2, 1.5/0.5, 0.5/1, 1/1.5, 1.5/1.5, 
1.5/1, 0.5/1.5, 0.5/2, 2/0.5, ½, and 2/1.5 (Table 2). Note 
that the observed nitrogen and potassium ratios showed at 
least minimal addition of these nutrients, except for the N/K 
0/0.5 and N/K 1.5/0 ratios. The need for a minimum amount 
of nitrogen and potassium to obtain the highest averages 
observed shows that the nutrients N and K are essential 
for PV, showing that the absence of these nutrients favors 
pupal mortality, thus indicating the occurrence of nutritional 
inadequacies for the leafminer fly because N and K are 
associated with the production of soluble amino acids, which 
is the main source of food for L. sativae.

For the longevity parameter (LG) (days), it is noted that 
the highest averages obtained were between 4.33 and 5.00 
days and observed in the treatments where there was the 
maximum addition of nitrogen associated with the use of 
potassium (Table 2). The differences obtained in longevity 
may be associated with the individual’s own characteristics 
or with its ability to convert the food assimilated during the 
larval stage, generating consequences in the longevity of 
adults. Panizzi & Parra (2009) stated that many aspects of 
insect biology, including their behavior and physiology, are in 
one way or another related to the nutritional state of plants, 
a fact that could justify the increase in longevity as nitrogen 
doses increased in tomato cultivation.

The highest means obtained for the sex ratio parameter 
were found in ratios where the number of males is similar 
to the number of females (1:1) in the NK 1/0.5, NK 1.5/0.5, 
and NK 2/2 ratios and in ratios where the number of females 
were higher than males obtained in the N/K 0.5/0.5, NK 0.5/2, 
NK1.5/1.5, NK 2/0.5, and NK 2/1 ratios (Table 2). From what 
it was observed, it can be assumed that the nitrogen and 
potassium contents in the proportions in which they were 
offered to the tomato plants do not have a relationship that 
directly influences the ratio of males to females of L. sativae. 
The results obtained are similar to those verified by Parrela 
(1987), who considers that the sex ratio of Liriomyza sp. 
observed according to the genus pattern is 1:1. 
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Conclusions
The application of increasing levels of K, associated with 

increasing levels of N, favored the absorption of N, providing 
higher leaf contents of this nutrient; however, this effect was 
not observed for leaf K contents.

The N/K 1/1 ratio showed unfavorable averages for the 
insect among the parameters evaluated (average duration of 
larval and pupal stages and viability, duration of pupal stage, 
longevity, and sex ratio), indicating a possible induced resistance 
of tomato to the leafminer fly under confinement condition.

Tomato plants showed at the N/K ratio 1/0, 0/0, 0/1, 
2/0, and 0.5/0 some inhibitory effect on egg viability and/or 
feeding of L. sativae larvae.

The different ratios of the 1/1 N/K ratio used in tomato 
fertilization where the leafminer flies were confined (except 
for N/K 1/0, 0/0, 0/1, 2/0, and 0.5/0) made the plants more 
susceptible to oviposition and feeding by the insects.
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