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ABSTRACT

Tomato (Solanum lycopersicum) is a crop of high economic and nutritional importance. The
San Marzano variety is known for its quality and flavor. The objective of this study was to
evaluate the effect of mineral fertilization with different doses of urea and NPK on the
development of tomato plants in pots. The study was carried out at Uneal, Campus |, in
Arapiraca-AL. The experimental design was completely randomized (DIC) with five
treatments and four replications. The treatments included different doses of NPK and urea:
T1 (control, 0g), T2 (5g of NPK + RH), T3 (6g of NPK + RH), T4 (7g of NPK + RH) and T5
(8g of NPK + RH). The plants were grown in 8L pots in a greenhouse. The results showed
that mineral fertilization significantly increased tomato development and production. The
NPK treatments (T2 and T3) showed a greater increase in the variables analyzed, including
plant height, number of fruits, and fresh mass. The results are consistent with previous
studies that demonstrated the importance of mineral fertilization for tomato development.
The combination of NPK and urea proved to be effective in increasing yield and fruit quality.
The optimal fertilization dose was found between 5-6g of NPK + RH.

Mineral fertilization with different doses of urea and NPK proved to be an effective practice
to provide the development and production of San Marzano tomatoes in pots. Treatments
with NPK (T2 and T3) stood out, showing a greater increase in the variables analyzed.

Keywords: Soil Fertility. Solanum. Physiology. Plant Nutrition.
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INTRODUCTION

The development of the tomato plant is a complex process that goes through
several phases, from seed germination to fruit maturation. Each phase, including seedling,
seedling, and vegetative growth, requires specific care, especially about fertilization.

The different fertilization strategies can significantly influence the plant vigor, the
quality of the fruits, and the final yield. Studies show that the proper choice and application
of fertilizers during these phases are key to optimizing growth and maximizing crop yield.

Thus, it is essential to understand how different fertilizations affect each stage of
tomato development to achieve the best possible results.

The phases of the tomato plant refer to the study of the plant when it is still a seed or
seedling, and during development periods, revealing its vigor and response to
management. As Silva (2012) points out, understanding these steps is crucial to optimize
production and ensure a healthy harvest. This knowledge allows for more effective
management and helps predict crop performance throughout its cycle.

The tomato crop has four stages or stages of development regarding water
requirement: initial, vegetative, fruiting, and maturation. The duration of the phases varies
and depends on the cultivar used and the predominant edaphoclimatic conditions (SOUSA
etal., 2014).

The tomato species (Solanum lycopersicum L) belongs to the Solanaceae family;
and is characterized by having a high commercial value worldwide, responsible for moving
the export market to several countries. It is a plant that has Indian origins in South America,
was brought to Central America, where it was domesticated in the country of Mexico and
thus its consumption was popularized, soon after being introduced in Europe and then
brought to Brazil through the great Italian navigations (Zayat et al., 2020). In Brazil, its
widespread cultivation generates a high economy at the national level, consequently
becoming a source of income for several producers, whether on a large or small scale
(Rodrigues et al., 2020).

It is a shrubby plant of the herbaceous type, with an annual cycle that varies
between about 90 and 120 days, and can flower in varying periods according to the
temperature of the environment, (Gomes & Castro, 2017). A person consumes an average
of 5.9 g of tomatoes daily; such consumption is due not only to its flavor but also to its

benefits, due to its high rate of nutrients beneficial to health (Bissacotti et al., 2021).
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The species stands out for being a plant with fruit rich in vitamins, antioxidants, and
carotenoids that are fundamental for the maintenance of human health, among which the
ones that are shown in greater quantities are vitamins C and E, which are differentiated by
being effective active ingredients in the fight against free radicals, preventing their negative
effects on the body (Giraldo et al., 2022).

Tomatoes are a good alternative crop due to their added value in the consumer
market, in addition to being a crop of high rusticity, and with high rates of fruit productivity
when offered adequate conditions for their development; these conditions are fundamental
from seed germination to the peak of their productivity (Soldateli et al., 2020).

The tomato plant is a plant that requires large amounts of nutrients for its fruiting; on
the other hand, with the increase in the low productivity of Brazilian soils, the use of mineral
and organometal fertilization has been progressively increasing to meet the chemical and
biological needs of the plant (Galdino et al., 2022), the effects of these fertilizations can
provide a significant increase in tomato productivity, being able to increase the number of
fruits, fresh mass and average productivity per plant, (Peres et al., 2020).

Some of the main minerals essential for the healthy development of the plant are P
(Phosphorus), K (Potassium), Ca (Calcium), and B (Boron), especially between the
flowering and fruiting period of the crop, which when properly supplied provide a significant
increase in flower production and consequently fruit (De Paula et al., 2019).

According to Oliveira (2023), mineral nutrition enhances results when offered in an
appropriate form and quantity, resulting in better quality fruits when compared to plants with
the absence of mineral fertilization in similar conditions.

Based on the premise that the plant responds to fertilization doses and that one of
the hypotheses affirms this assertion in this sense, the objective of this study was to
evaluate the development of tomato plants of the San Marzano® variety in response to

mineral fertilization of tomato with different doses of Urea and NPK in the potted system.

THEORETICAL FRAMEWORK

The tomato plant (Solanum lycopersicum L.) has its origins in the Andean regions of
Peru, Bolivia, Ecuador, and Mexico, where it was cultivated by indigenous civilizations such
as the Incas, Mayans, and Aztecs who were responsible for its domestication (Landau,
2020). In Brazil, the tomato was introduced at the end of the nineteenth century by

European immigrants, especially Italians and Portuguese, who brought the vegetable to the
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southeast region, particularly Sdo Paulo, since then, tomato cultivation has expanded to
other regions, becoming one of the most important crops in the country (Bissacotti;
Londero & Costabeber, 2021).

Its mineral nutrient absorptive mechanisms are mainly through the roots, using
processes such as root interception, mass flow, and diffusion (Coelho, 2022). Nutrients are
acquired in the form of inorganic ions and transported to different parts of the plant, where
they are assimilated and used in essential biological functions. The efficiency of nutrient
uptake can be increased by the presence of mycorrhizal fungi and nitrogen-fixing bacteria,
which aid in the acquisition of nutrients (Coelho, 2022).

Minerals are fundamental for agriculture, as they provide essential nutrients for plant
growth and development (Martins & Hardoim, 2023). Mineral fertilizers, such as NPK
(nitrogen, phosphorus, and potassium), are widely used to improve soil fertility and
increase crop yields (Costa, 2023). Additionally, mining minerals such as potash and
phosphate is crucial for fertilizer production, highlighting the interdependence between the
mining and agriculture sectors.

Nitrogen (N) is a mineral of paramount importance, as it is essential for the growth
of leaves and stems, as it helps in the formation of proteins and chlorophyll, essential for
photosynthesis, thus increasing the synthesis of sugars and other vital metabolites for the
plant (Silva, 2023). Another vital mineral that enables greater water absorption is
phosphorus (P), as it participates in the formation and development of roots, and also in
the formation of flowers and fruits. It is also crucial for the transfer of energy within the plant
(Ribeira, 2023), and potassium (K), which participates in important activities such as
carbon fixation during the photosynthesis process, enzymatic activation, and also acts in
the plant's defense system against possible pathogens, fungi, and other organisms that
may cause damage to the plant (Ribeira, 2023).

In addition, some micronutrients are essential for the healthy and productive
production of tomatoes, but even though they are needed in smaller quantities compared to
macronutrients, they are essential for the plant (Monte, 2022). Such as iron, manganese,
zinc, copper, boron, and molybdenum, although needed in smaller quantities, are equally
vital to the normal performance of the plant. Maintaining a proper balance of these
nutrients in the soil is crucial for maximizing production and ensuring plant health (Bartolo,
2026).
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The tomato plant is a plant that requires a lot of mineral nutrients to grow and
produce well. Nitrogen, phosphorus, and potassium are essential for vegetative growth,
root development, and fruit quality, and also participate in other metabolic activities (Félix et
al., 2015). Calcium, magnesium, and sulfur are also important for cellular integrity,

photosynthesis, protein synthesis, and other post-synthetic nutrients (Hansel, 2021).

METHODOLOGY
LOCATION OF RESEARCH

The study was conducted in a greenhouse of the State University of Alagoas,
Campus | in Arapiraca-AL, located between the geographic coordinates: 9° 75' 25" S
latitude 36° 60' 11" W longitude, presenting edaphoclimatic conditions with an average
temperature of 28°C and average annual precipitation of 550 mm (Alagoas-Semarh-Dmet,
2023) The climate of the region is of type As', determining tropical and warm climate
according to the Képpen and Geiger classification (Képpen and Geiger, 1928).

The University's greenhouse is of the chapel type, with a specific shading screen
cover for agricultural greenhouses with a 50% shade and a metal structure by Hidrogood®.

The experiment was carried out with tomato Solanaceae (Solanum lycopersicum L).

METHODOLOGICAL PROCEDURES

Tomato seeds germinated in a commercial substrate Bioplant® incorporated with
urea in 100-cell flexible polyethylene trays, with a volume of 18 ml per cell, were used for
the production of the seedlings. Tomato cultivation was carried out in 8 dm? (8 L) plastic
pots, filled with a substrate based on a dry coconut shell fiber—soilless system.

The adopted design was completely randomized (DIC) with five treatments and four
replications. The treatments consisted of NPK and urea (RH) proportions with incorporation
into the treatments, as follows: T1- 4g NPK + RH; T2 - 5g NPK+RH; T3 - 6g NPK+RH: T4 -
7g NPK+RH and T5 - 8g NPK+RH.

The data were discussed through analysis of variance and comparison of means of
the phenological variables of the plant in pre-harvest and post-harvest (CR-chlorophyll, soil
moisture, plant height, number of leaves, stem diameter, number of branches, number of
flowers/flower buds, number of fruits, number of seeds, fresh weight of fruit biomass, fresh
weight of the plant, fruit dry mass, root size) and bioactive compounds in the plant parts

analyzed.
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To determine the production variables, the plants were evaluated in the treatments,
in the following characteristics in the pre-harvest (CR-chlorophyll, soil moisture, plant
height, stem diameter, number of leaves, flower buds/number of flowers, number of
branches, and in the post-harvest and average fruit length (cm) — CF; average fruit
diameter (cm) — DF; total fruits per plant (n°) — TF; average fruit mass (g) — MF; commercial
fruit production per m? (kg) — PC. Harvests were carried out from 90 DAT (days after

transplanting) when the fruits were at the point of harvest.

STATISTICAL ANALYSIS OF THE DATA

The analyses were performed using the statistical program SISVAR Tukey's 5%
comparison test of significance. A regression analysis will also be performed to illustrate
the discrepant response of the variables in the pre and post-harvest as a function of NPK +

Urea dosages (Ferreira, 2019).

RESULTS AND DISCUSSIONS

According to the data presented in Table 1, it was verified through the F* test, that
the variables were significant mostly in the experimental treatments, in this study the null
hypothesis for the variables in the treatments was rejected, except the variables height and
number of fruits, but the coefficient of variation (CV) showed an alteration between some
variables, Among them, the most prominent was the diameter of the stem. According to
(Almeida et al., 2020), the high coefficient of variation — CV reveals that in the dispersion
data, there was external interference in the data collection in the experiment, indicating a
new experimental design. It can also show variations according to the availability and
absorption of water from where the plant is inserted.

According to the research by Peres et al. (2020), the use of nitrogen fertilizers in the

vegetative phase of tomatoes resulted in a 20% increase in productivity.
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Table 1. Summary of the ANOVA (analysis of variance) of the variables in the treatments.

Source of Variation GL SQ QM *F P CV%
Chlorophyll A 4 252.789 63.197 1.625 0.207 16.41
Chlorophyll B 4 52.112 13.028 1.436 0.258 25.15

Total Chlorophyll 4 609.797 152.449 2.260 0.098 17.29
Soil moisture 4 2.302 0.575 4.414 0.010 7.33
Stem diameter 4 88.705 22176 2.604 0.066 137.92
Height (cm) 4 203.760 50.940 0.344n 0.845 19.78
S
Fresh pasta 708391.600 | 117097.900 1.096 0.385 69.16
No. of fruits 28.766 7.191 0.120n 0.973 60.04
s
Fruit weight 4 5233.200 1308.300 3.782 0.019 29.43
No. of flower buds 4 70.800 17.700 1.432 0.260 60.60
Floral abortions 4 315.040 78.760 0.972 0.444 62.86
No. of seeds 4 2984.000 746.000 1.430 0.260 30.29
No. of branches 4 131.440 32.860 0.838 0.517 60.67
No. of Glasses 4 1.360 0.340 1.417 0.264 20.08

Legend: Mean followed by the same letter in the column does not differ statistically by the Tukey test at 5%
significance. (GL) degree of freedom; (SQ) sum of squares; (QM) medium square; (*F) test at 5% probability;
CV - coefficient of variation.

From the data in Table 2, by the Tukey test at 5% probability, it was found that, in
general, the variables chlorophyll A (CLA), stem diameter (DC), and number of flower buds
presented a higher result in the treatment (control) in which it was not submitted to mineral
fertilization (T1), obtaining a partially significant development when compared to the other
treatments.

The treatments in which they were submitted to fertilization with NPK+9 (T2) and
(T3) showed a superior result than the others in most of the variants shown in the tables
above. The results obtained in the NBF variable showed a greater increase with NPK
fertilization, it was found that fertilization also influences the number of flower buds, similar
results were obtained by Magalhaes (2018) who obtained significant differences between
the Santa Clara and IPA 6 variables.

According to Cambraia and Pinto (2015), fertilization with adequate amounts of NPK
provides a greater increase in tomato production rates.

On the other hand, the treatments submitted to urea fertilization (T4) and (T5),
showed significant development in the production of fruits and branches, in the fresh mass
variable the treatments submitted to urea presented results similar to those obtained by De
Paula, (1999) who showed differences between substrates, one of them being Plantmax®,
which showed an increase in fresh mass in tomato. However, in most variants, it was

inferior to the other results obtained in the other treatments.
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Table 2. Comparison of means using the Tukey test at the level of 5% probability of the treatment variables.

*

Source of Variation T1 T2 T3 T4 T5
Chlorophyll A 5,880 to 1,160 to 1,140 to 1,320 to 1,080 to
Chlorophyll B 12,600 to 11,600 to 13,920 to 12,260 to 9,520 to

Total Chlorophyll 39,580 to 44,280 to 53,240 to 49,340 to 51,040 to
Soil moisture 4,980 AB 5,200 to 4.340 b 5,020 AB 5,100 to
Stem diameter 5,880 to 1,160 to 1,140 to 1,320 to 1,080 to
Height (cm) 60,800 to 66,200 to 60,000 to 63,000 to 57,800 to
Fresh pasta 312,000 628,000 to | 606,400to | 526,600 to | 833,000 to
to
No. of fruits 12,600 to 12,400 to 12,000 to 15,000 to 12,460 to
Fruit weight 62,800 to 88.400 b 56,200 AB | 64,400 AB 44,200 to
No. of flower buds 4,200 to 6,000 to 8,800 to 5,800 to 4,200 to
Floral abortions 10,000 to 16,200 to 19,400 to 10,600 to 15,400 to
No. of seeds 78,800 to 85,600 to 78,000 to 80,400 to 54,200 to
No. of branches 8,400 to 9,800 to 9,600 to 9,000 to 14,800 to
No. of Glasses 2,800 to 2,200 to 2,400 to 2,200 to 2,600 to

In the research conducted by Santos (2001), significant results were found for the
cultivar and NPK factors about the total and commercial number of fruits, as well as the
total and commercial average weight of fruits. This indicates that both the choice of variety
(cultivar) and the proper application of nutrients (NPK) have a substantial impact on fruit
production, both in terms of quantity and quality. These findings highlight the importance of
selecting suitable varieties and applying the right nutrition to optimize fruit production.

Other similar results were observed by Porto (2014), highlighting that urea as a
source of nitrogen promoted greater development and accumulation of fresh mass in the
plant. This underscores the importance of nitrogen in promoting plant growth, where urea is
particularly effective in the vegetative development of the plant.

During the research, physiological changes were presented in the tomato plant,
such as calcium deficiency, identified through image analysis. Such a disorder presents
symptoms approximately from the second week after fertilization of the flowers, and causes
the apex of the fruits necrosis, thus causing the symptom known as apical rot (Junior, et.al.
2011).

CONCLUSION

Mineral fertilization provided a significant increase in the development and
production of tomatoes, where in general both types of fertilization presented satisfactory
results, but the treatments submitted to mineral fertilization with NPK (T2) and (T3) stood
out with greater emphasis, presenting in most cases a significant increase in the index in

the variables analyzed.
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As the data revealed instability in the normality of the numbers, resulting from the

collections and edaphoclimatic interferences, the experiment will be installed again.
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