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AGRONOMY (AGRONOMIA)

ABSTRACT: The italian zucchini is a much-appreciated vegetable, besides being an economically viable alternative to the 
farmers. Nutrition with N and P is essential to produce vegetables, however, for the italian zucchini there are few scientific studies 
to guide fertilizing with these nutrients. The objective of this work was to evaluate the production of italian zucchini after N and P 
fertilization. The study was conducted in the agricultural area of   the Irrigated Perimeter of Gorutuba, in the municipality of Nova 
Porteirinha-MG. A randomized block design with three replications was used. The treatments were arranged in a 5 × 4 factorial, 
using five doses of N (0, 50, 100, 150 and 200 kg ha-1) and four doses of P (0, 50, 100 e 150 kg ha-1 of P2O5), in the form of urea 
and monoammonium phosphate, respectively. NF was increased with N and P doses, and the combination of 150 kg ha-1 of P2O5 
with 100 kg ha-1 of N was responsible for the highest number of fruits, with 17.52 fruits per plot. The combination of 100 kg ha-1 of 
N and 150 kg ha-1 of P2O5 resulted in the maximum PROD, corresponding to 10,834.67 kg ha-1. The elevation of P and N doses 
leads to an increase in the agronomic yield, without a marked change in the quality of the italian zucchini.
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Produção de abobrinha italiana em resposta a nutrição nitrogenada e fosfatada

RESUMO: A nutrição nitrogenada e fosfatada é primordial para a produção de olerícolas, no entanto, para a abobrinha italiana 
são escassos estudos científicos que norteiem a prática da adubação. O objetivo deste trabalho foi avaliar a produção da 
abobrinha italiana após a adução nitrogenada e fosfatada. O estudo foi conduzido em área agrícola do Perímetro Irrigado do 
Gorutuba, município de Nova Porteirinha-MG. Foi utilizado o delineamento experimental em blocos casualizados, com três 
repetições. Os tratamentos foram dispostos em esquema fatorial 5 × 4, sendo utilizadas cinco doses de nitrogênio (N) (0, 
50, 100, 150 e 200 kg ha-1 de N) e quatro doses de fósforo (P) (0, 50, 100 e 150 kg ha-1 de P2O5), na forma de ureia e fosfato 
monoamônico, respectivamente. O NF foi incrementado com as doses de N e P, sendo a combinação de 150 kg ha-1 de P2O5 
com 100 kg ha-1 de N responsável pelo maior número de frutos, com 17,52 frutos por parcela. A combinação de 100 kg ha-1 de 
N e 150 kg ha-1 de P2O5 resultou na máxima PROD, correspondendo a 10.834,67 kg ha-1. A elevação das doses de fósforo e 
nitrogênio propicia aumento no rendimento agronômico, sem alterar de maneira acentuada a qualidade da abobrinha italiana. 
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Introduction
The italian zucchini (Cucurbita pepo L.) is originated from 

México, and it stands out for being appreciated by a great 
part of the Brazilian population, showing a great potential 
for commercial cultivation (Filgueira, 2013; Resende, et 
al., 2013). The fruits have excellent nutritional quality, with 
high concentrations of Ca, P, Fe and fibers (Lúcio et al., 2008; 
Oliveira et al., 2013). 

In 2018, 27.6 million t of italian zucchini were produced 
around the world, in an area of 2.04 million ha, and a 
productivity of approximately 13.53 t ha-1 (FAO, 2020). In Brazil, 
it is one of the vegetables with the highest economic value 
and increasing production, being the national productivity 
between 8 and 10 t ha-1 (Purquerio et al., 2019). The crop 
is mainly concentrated in the central and south regions of 
the country, and the state of São Paulo is one of the largest 
producers and consumers, although it is a vegetable that 
has been taking up space in other Brazilian regions, both in 
cultivation and consumption.

Its cultivation is carried out mainly by small producers, 
who are the main suppliers of the national market. Because it 
is a short-cycle crop, italian zucchini is a great opportunity for 
the smallholder to get short-term income. In less economically 
favored regions, its cultivation is a good income alternative for 
producers, since it is also an early crop, easy to handle and low 
production cost, and can be recommended for family farming 
(Souza et al., 2018).

Vegetables are highly demanding on soil fertility, requiring 
supplementation with mineral fertilization to reach high 
yields due to their rapid growth and high nutrient absorption. 
In modern agriculture, the search for maximum financial 
profitability is achieved through the use of productive 
varieties associated with the adequate nutritional and cultural 
management of vegetables.

Fertilization with P has contributed to the increase of 
flowering, fruiting, seed formation, and rooting of italian 
zucchini and pumpkin (Chaves, 2014; Araújo et al., 2015; Souza 
et al., 2018), while the balanced fertilization with N favors the 
vegetative formation and increases fruiting, quality of fruits, 
their size, shape, weight, coloration, besides avoiding some 
anomalies in muskmelon and zucchini plant development 
(Silva et al., 2011; Queiroga et al., 2007).

N and P fertilization has contributed to the increase of 
productivity of italian zucchini in some countries (Amin & Eissa, 
2017; Rolbiecki et al., 2017; Pokluda, et al., 2018), however, 
with different doses of N and P2O5, possibly due to differences 
in the different cultivation conditions adopted by the authors, 
such as fertilizer sources, fertigation and evaluated cultivar, 
among other factors.

Studies related to the adoption of balanced doses of 
nutrients in italian zucchini, mainly N and P2O5, in Brazil 
are considered scarce, since almost all fertilization-related 
research is concentrated in obtaining an adequate N:K ratio 
(Mendoza Cortez, 2014; Silva et al., 2014). In this sense, the 
objective was to evaluate the production of italian zucchini cv. 
Caserta after N and P fertilization. 

Materials and Methods
The study was conducted in the spring (September to 

November) in the agricultural area of the Irrigated Perimeter 
of Gorutuba, in the municipality of Nova Porteirinha, MG, 
Brazil, with coordinates 15º45’50’’S and 43º16’18’’W and 
altitude of 533 m. The soil in the cultivated area was classified 
as Red Yellow Latosol (Embrapa, 2006), and the typical climate 
of the region is Aw, according to Köpen’s climatic classification, 
tropical with dry winter. 

In the initial phase of the study, soil samples were collected 
in the 0-20 cm depth layer, for chemical characterization, 
which showed these results: pH (water)=7,1; P (Mehlich-1)= 
23.2 mg dm-3; K (Mehlich-1)= 232 mg dm-3; Na (Mehlich-1)= 
0.2 mg dm-3; Ca= 6.1 cmolc dm-3; Mg= 1.1 cmolc dm-3; Al (KCl)= 
0.0 cmolc dm-3; H+Al= 0.9 cmolc dm-3; SB= 8.0 cmolc dm-3; t= 8.0 
cmolc dm-3 and base saturation (V%)= 90%.

The treatments were arrayed in a randomized-block 
experimental design, with three replications, in a 5 x 4 factorial, 
characterized by five N doses in top-dressing (0, 50, 100, 150 
e 200 kg ha-1 of N) using urea as source, with 44% of N, and 
four doses of P (0, 50, 100 e 150 kg ha-1 de P2O5), applied at 
planting, using purified monoammonium P as source, with 
60% of P2O5 and 11% of N.

Each plot was 10 m2, with 2 m long and 4 m wide, consisting 
of five rows with 2 m in length, spaced 1 m between rows, 
and 0.5 m between plants within the row. The useful area 
of the plot was represented by the three central rows, with 
the end rows constituting the border. Sowing was done in a 
conventional system, with previous soil preparation, which 
consisted of one plowing and one harrowing. Correction of 
soil pH with liming was not necessary due to soil chemical 
characteristics. All plots received, at the time of sowing, 60 
kg ha-1 of K2O, 50 kg ha-1 of N and 15 t ha-1 of organic fertilizer, 
respectively, using as sources potassium chloride, urea and 
manure, respectively, according to recommendations (Ribeiro 
et al., 1999). 

The study was carried out with the italian zucchini cultivar 
Caserta TS. On September 28, three seeds were sown on each 
hole; after thinning, one plant was left per hole, in order to 
obtain an average population of 20,000 plants per hectare. 
The experiment was conducted until November 15, when 
the final harvest occurred. The study was kept weed - free 
by hoeing, and other cultural treatments were performed 
according to the technical adjustment of the crop in the 
region. Irrigation was performed by microsprinkling and top-
dressings were performed manually. There was an incidence of 
pests during the experimental period, with the main problem 
being the tobacco whitefly (Bemisia tabaci race B), which was 
controlled with the application of an insecticide based on 
thiametoxan, of the chemical group of neonicotinoids, in the 
dose of 600 g ha-1, according to AGROFIT’s recommendation 
of agricultural pesticides recommendation software (Mapa, 
2019). Fruit harvests started 38 days after planting, and were 
performed on alternate days. The fruits were harvested in the 
commercial standard with an average of 20 to 25 cm in length. 
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After each harvest, the fruits of each plot were weighed and 
counted. At the end of the production cycle, the following 
characteristics were evaluated: plant height (ALT), number 
of fruits (NF), mean fruit weight (MFW), mean fruit diameter 
(MFD), productivity (PROD) and soluble solids (SS). Plant 
height was determined using a ruler, measuring from the lap 
of the plant to the insertion of the last fully open leaf. The 
average fruit weight was determined by dividing the total fruit 
weight of the plot by the total number of fruits. Productivity 
was estimated by the weight of fruits harvested in the area of 
the useful plot, converted to tones per hectare. The diameter 
measured in the median part of the fruit was determined using 
a caliper. The soluble solids concentration was determined in 
the laboratory, with the aid of refractometer, in which three 
drops of the fruit extract were allocated and the reading was 
then made, expressing the results in ºBrix.

The data were submitted to analysis of variance. Then, 
according to the significance of the interaction, the quantitative 
factors were analyzed with regression models chosen based 
on the significance of the regression coefficients and on the 
potential to explain the biological phenomenon in question. 
Statistical analysis was performed using the statistical analysis 
software SAEG 9.1 (Funarbe, 2007).

Results and Discussion
The rainfall and average maximum and minimum 

temperatures during the experiment were 2.48 mm, 33.27 
and 20.25 oC

There was interaction between the doses of N and P (p 
< 0.05), for the characteristics related to the production 
components of italian zucchini cv. Caserta: plant height (ALT), 
number of fruits (NF), mean fruit weight (MFW), fruit diameter 
(FD), productivity (PROD) and soluble solids content (SS). The 
addition of 100 kg ha-1 of N associated with 150 kg ha-1 of P2O5 
promoted the maximum height of 26.52 cm (Figure 1). The 
height of the zucchini plant is an important feature, since it 
is associated to the use and interception of light and helps in 
the definition of spacing between plants. Larger plants imply 
greater structural capacity for fruit production, contributing 

to the spatial distribution of these in the plant architecture. 
Adequate doses of P and N applied to the soil promote 
increases in energy production and in root and shoot growth 
(Epstein & Bloom, 2005).

The number of fruits per plot increased with the N and P 
doses, with the combination of 150 kg ha-1 of P2O5 with 100 
kg ha-1 of N responsible for the highest number of fruits, with 
17.52 fruits per plot (Figure 2). N fertilization higher than 100 
kg ha-1 of N does not present technical viability for the crop, 
since fertilization increases from this point show a decrease 
in fruit production. The same was not observed for the doses 
of P, as the increasing doses of this nutrient linearly increased 
the production of fruits. The P, fifth most exported element 
by the italian zucchini, is very important in the fruiting of this 
crop, increasing fruit production when there are satisfactory 
quantities of this nutrient in the soil solution (Elfstrand & 
Lans, 2002; Rodas Gaitán et al., 2012). However, due to the 
great adsorption to the soil particles, especially in Latosols, 
fertilization with phosphorus becomes larger than that 
required by the crop (Brito Neto et al., 2018).

The increase in the number of fruits per plant is a 
characteristic desired by the producers, as it contributes to 
the increase of crop productivity. The adequate supply of P 
and N alter the source-drain relationship and, consequently, 
the distribution of assimilates between vegetative and 
reproductive organs (Araújo et al., 2015). A well-nourished 
plant, free of stress-causing factors, increases its flowering, 
fruiting and ensures greater numbers and weights of 
the fruits produced (Rouphael et al., 2015). In cucurbits, 
adequate doses of N increase the leaf area of the plant, 
increasing the production of photoassimilates and fruits 
(Queiroga et al., 2007). In the study conducted by Pôrto et 
al. (2014) with N fertilization in pumpkin plants, it provided a 
higher number of fruits per plant (11.94) after application of 
322.5 kg ha-1 of N, a dose considered superior to the found 
in the present study.

The mean fruit weight was not influenced by the increase 
of the doses of P, and was increased linearly by the doses of N 
(Figure 3). The lack of effect of the doses of P on the average 
weight of the fruits was attributed to its specific functions in 

Figure 1. Plant height (ALT), of italian zucchini , cv. Caserta, as 
a function of N and P2O5 fertilization.

Figure 2. Number of fruits (NF), of italian zucchini , cv. Caserta, 
as a function of N and P2O5 fertilization.
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the plant, to which the formation of pollen grains and pumpkin 
fruits is linked, being less important in the accumulation of 
mass in the fruits (Lúcio et al., 2008; Chaves, 2014) In contrast, 
increasing doses of N in zucchini cultivars have led to a linear 
increase in fruit masses per plant (Silva et al., 2011). The 
provision of adequate doses of N favors vegetative growth, 
expands the photosynthetically active area and increases the 
crop’s potential for production. In the fruit-vegetables, there 
is a direct and positive correlation between shoot weight and 
yield characteristics, such as number and weight of fruits 
(Filgueira, 2013).

The diameter of the fruits increased with the increase of 
the P and N doses, obtaining the maximum diameter of 6.09 
cm after application of 150 kg ha-1 of P2O5 and 200 kg ha-1 of 
N (Figure 4).

The productive characteristics fruit diameter, weight and 
length are considered prime for commercialization, since the 
consumer market adopts standards ranging from 20 to 25 cm in 
length and 4 to 6 cm in diameter (Feijó et al., 2008). Fruits with 
greater diameters than these and lighter can be considered 
“hollow”, with little pulp and not attractive to the consumer. 
Fruit yield increased with the application of N and P doses. 

The combination of 100 kg ha-1 of N and 150 kg ha-1 
of P resulted in maximum productivity, corresponding to 

10,834.67 kg ha-1 (Figure 5). These doses of N and P provided 
an increase of 4,089 kg ha-1, in comparison to the absence of 
fertilization. The increase of productivity with the increase 
of N and P fertilization was due to the higher availability of 
these nutrients in the soil and their absorption by the plants, 
allowing greater vegetative and root growth, especially of 
the secondary roots, important for the absorption of water 
and nutrients. In addition, the accumulation of P in the plant 
predisposes to the greater energetic capacity and structure of 
the vegetal tissues, and greater accumulation in the flowers 
and fruits, playing important role in pollination and fruiting 
(Taiz & Zeiger, 2013). 

Doses of N higher than 100 kg ha-1 caused a decrease in 
productivity, possibly due to excessive N in the soil. The excess 
of N in the crop negatively affects its productivity by greatly 
increasing the vegetative mass of the plant, reducing the final 
quality of the fruits (Vidal et al., 2013). 

The management of nutrition in zucchini crops requires 
more studies related to the interaction between N and P, 
since almost all fertilization-related research is concentrated 
in obtaining an adequate relationship between N and K 
(Mendoza Cortez, 2014; Silva et al., 2014).

Good yields are expected when productivity reaches 
values of 10 to 20 t ha-1, as observed in the present study. 
However, the productivity obtained in this study was lower 
than that obtained by Costa et al. (2015), when working 
with the italian zucchini cv. Novita Plus (Cucurbita pepo L.) 
in a protected environment with N fertilization, where they 
obtained productivity equivalent to 36 t ha-1 of fruits with the 
dose of 150 kg ha-1 of N. Possibly, this higher productivity was 
due to the different conditions of cultivation adopted by the 
authors, as protected environment, fertirrigation and studied 
cultivar. The total soluble solids content slightly decreased 
linearly with increasing P rates at all N doses (Figure 6). As 
P levels in the soil were very good, P fertilization favored the 
vegetative development of the plant preferentially, reducing 
transport from assimilated to fruits (Etienne et al., 2013; 
Delfim & Mauch, 2017).

Fertilization with N can also reduce sugars in the fruits, 
because the NH4

+ in the plant does not promote the synthesis 

Figure 3. Mean fruit weight (MFW), of italian zucchini , cv. 
Caserta, as a function of N and P2O5 fertilization.

Figure 4. Fruit diameter (DF), of italian zucchini , cv. Caserta, 
as a function of N and P2O5 fertilization.

Figure 5. Productivity (PROD), of italian zucchini , cv. Caserta, 
as a function of N and P2O5 fertilization.
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of organic anions, negatively affecting the absorption of K. As 
the N fertilizer adopted in this study produces NH4

+ ions in soil 
transformation processes, over dosage adversely affected the 
production of organic compounds related to the accumulation 
of soluble solids in fruits (Oliveira et al., 2015). 

According to Chitarra & Chitarra (2005), the accumulated 
sugars are the main chemical substances of the fruits, and 
when the SS is low, fruits of worse flavor are reported. Several 
studies carried out with italian zucchini show heterogeneity in 
the content of soluble solids, from 2.0 to 4.94 °Brix (Botrel et 
al., 2007; Araújo et al., 2013; Bianchini, 2013; Delfim & Mauch, 
2017) evidencing the possibility that several factors influence 
the soluble solids content of zucchini fruits, such as cultivation 
sites (edaphoclimatic factors), fertilization and crop treatments. 

Conclusion
The increase of P and N doses increases height (26.52 cm) 

and production of italian zucchini, with the highest number of 
fruits (17.52) and productivity (10.83 t ha-1) obtained with the 
combination of 100 kg ha-1 of N and 150 kg ha-1 of P2O5.

The increasing N and P doses did not significantly alter the 
quality of the italian zucchini, with a slight reduction in the 
soluble solids contents, within the normal culture standard.
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