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A B S T R A C T  ARTICLE 
INFORMATION 

Italian zucchini, from the Cucurbitaceae family, are a plant of great economic importance for several 
regions of the country, as they are an excellent source of vitamins and minerals. Because it has a short 
cycle, zucchini crops are very demanding in nutrients. The objective of this work was to evaluate the effect 
of foliar application of different concentrations of calcium, using Calcium nitrate (Calcinit®) as a source, 
on the production, rot and firmness of Italian zucchini fruits. Zucchini seeds of the caserta variety were 
used and after the plants had developed, foliar applications were carried out in three periods (before 
flowering, full flowering/beginning of fruiting and at the formation of the first fruits) at different 
concentrations (0, 3, 6, 9 and 12 g L-¹) of calcium nitrate. The number of rotten fruits, production, mass, 
length, diameter and firmness of the fruits were evaluated. The experimental design was in randomized 
blocks with 5 different concentrations of calcium nitrate and 5 blocks and each block containing 6 plants. 
Through the results obtained, it was observed that the foliar application of calcium nitrate does not 
influence the production, length, mass and diameter of the fruits. Regarding the number of rotten fruits, 
the application of 3.0 g L1 provides a smaller number of fruits with apical rot, and the application of 9.0 g 
L1 helps in greater fruit firmness. 
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RESUMO 
 

 

A abobrinha italiana, da família das Cucurbitáceas, é uma planta de grande importância econômica para 
diversas regiões do país, devido apresentarem excelente fonte de vitaminas e minerais. Por apresentar ciclo 
curto, a cultura da abobrinha é muito exigente em nutrientes. O objetivo deste trabalho foi avaliar o efeito 
da aplicação via foliar de diferentes concentrações de cálcio tendo como fonte nitrato de Cálcio (Calcinit®), 
na produção, podridão e firmeza de frutos de abobrinha italiana. Utilizou-se sementes de abobrinha da 
variedade caserta e após seu desenvolvimento das plantas, foram realizadas aplicações via foliar em três 
período (antes da floração, plena floração/início da frutificação e na formação dos primeiros frutos) em 
diferentes concentrações (0, 3, 6, 9 e 12 g L-¹) de nitrato de cálcio. Foram avaliados o número de frutos 
podres, produção, massa, comprimento, diâmetro e firmeza dos frutos. O delineamento experimental foi 
em blocos casualizados com 5 diferentes concentrações de nitrato de cálcio e 5 blocos e em cada bloco 
contendo 6 plantas. Por meio dos resultados obtidos, foi observado que a aplicação via foliar de nitrato de 
cálcio não influencia na produção, comprimento, massa e diâmetro dos frutos. Já no número de frutos 
podres a aplicação de de 3,0 g L1 proporciona um menor número de frutos com podridão apical, e a 
aplicação de 9,0 g L1 auxilia em uma maior firmeza dos frutos. 
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Introduction  

 

The Italian zucchini (Cucurbita pepo L.), also known as bush squash or marrow, 

belongs to the Cucurbitaceae family and is of American origin. It is a vegetable widely used in 

human nutrition because its fruits are sources of nutrients such as niacin and B-complex 

vitamins (Oliveira et al., 2022). One advantage of its cultivation is that the plant adapts to 

different climatic conditions, making it one of the 10 vegetables with the highest economic 

value and domestic production (Coelho et al., 2020). However, variations in the production of 

Italian zucchini fruits may occur due to fertilization and plant nutrition (Pôrto et al., 2012), 

necessitating studies on the influence of macronutrients on the plant. 

Studies on the nutrient absorption pattern of Italian zucchini have found that calcium 

is the second most absorbed nutrient by the plants in large quantities (Araújo et al., 2015). 

Proper calcium fertilization is extremely important as it plays roles from cell elongation and 

multiplication to root growth, providing resistance to the plant. It can be applied pre-harvest 

and post-harvest, leading to firmer fruits, reducing physiological disorders, and preventing 

blossom-end rot (Kumar et al., 2017). 

Calcium is one of the elements with low mobility within the plant, where its deficiency 

manifests in younger leaves, causing chlorosis, reduction, and twisting of young leaves, as well 

as affecting root development, hindering nutrient absorption (Coelho et al., 2020). In some 

cases, this necessitates the use of fertilizers through fertigation and foliar application to correct 

possible deficiencies in initial soil fertilization, as well as to physiologically stimulate certain 

stages of the crop, thereby improving the quality of vegetable products (Luz et al., 2010). 

Although there are fertilization recommendations for the commercial cultivation of 

zucchini, research studies relating the effects of foliar calcium application on yield 

improvement, as well as on fruit firmness and reduction of rot, are scarce.  

In this context, the objective of this study was to evaluate the effect of foliar application 

of different calcium concentrations, using calcium nitrate (Calcinit®) (26.5% calcium oxide), 

on the yield, firmness, and blossom-end rot of Italian zucchini fruits. 

 

Materials e Methods 

  

The experiment was conducted in the municipality of Barbacena, Minas Gerais (21º 22' 

64'' S, 43º 77' 42'' W, altitude 1173 m). The climate, according to the Köppen classification of 

type Cwb, is a subtropical highland climate with a dry winter and mild summer. The climatic 

data for the experimental period are shown in Figure 1. 
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Figure 1. 

Meteorological data collected during the execution of the experiment. Barbacena, MG, 

Brazil,2023. 

 
Note: INMET data, 2024. 

 

Before setting up the experiment, soil sampling was performed at a depth of 0.0 to 0.20 

meters to characterize the chemical properties of the area. The soil chemical analysis was 

conducted according to the method described by Brazil (2020), and the results are shown in 

Table 1. 

Table 1. 

Chemical analysis of the soil, before installing the experiment. 

Soil ph P K MO Ca2+ Mg2+ H+Al Al3+ SB M V 
- mg dm-3 dag kg-1 ................... cmolc dm-3................... % % 

0 - 20 6,20 282,56 241,10 1,75 2,45 0,63 2,17 0 3,70 0 62,99 

Note: Soil and leaf analysis laboratory of the Federal Institute of Southeast Minas Gerais – Campus Barbacena, 2024. 

 

In the experiment, the Caserta Italian zucchini variety was used due to its excellent 

performance in autumn and spring cultivation and its high acceptance by the population. 

The preliminary soil preparation involved plowing, followed by the construction of 5 

raised beds using a mechanized bed former, each measuring 17 meters in length and 1.20 

meters in width. For each bed, 15 holes were prepared along its length, with 3 holes designated 

for each plot. A spacing of 70 cm was used between holes, and a spacing of 2 meters was 

maintained between every three holes within each bed. 

The planting rows were spaced 1.80 meters apart, measured from the center of one hole 

to another. Each bed contained the 5 concentrations arranged randomly, with the 

concentrations consisting of 15 holes with a maximum capacity of 30 plants. The beds were 
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covered with mulch, and basal fertilization was incorporated before planting according to 

technical recommendations for pumpkin and squash cultivation (Amaro et al., 2021). 

Direct sowing was carried out (at a depth of 2 cm), with 4 seeds per hole, and the plants 

were irrigated daily using sprinklers to maintain soil moisture at field capacity, avoiding both 

excess and lack of water. Thinning was performed in holes with more than two plants, leaving 

two plants per hole, which were identified with the help of tags to allow for the collection of 

individual production values between plants 1 and 2, and later for the randomization of each 

concentration. 

After plant development, three applications of the concentrations 0.0g L-¹, 3.0g L-¹, 6.0g 

L-¹, 9.0g L-¹, and 12.0g L-¹ of Calcium Nitrate (Calcinit®), composed of 26.5% calcium oxide, 

100% water-soluble and in a form assimilable by plants (Yara, 2015), were made. The calcium 

nitrate was diluted in distilled water and applied via foliar spraying with a manual sprayer. 

The calcium nitrate applications were performed based on the observation of plant 

development stages, on rain-free days and during the cool part of the day (in the morning). 

The three calcium nitrate applications were spaced 6 days apart over the experimental period. 

The first application was made before flowering, the second during full bloom/early fruiting, 

and the third when the first fruits were already formed. The spraying was done with a manual 

sprayer until the leaves and fruits were fully wetted without causing runoff. 

Harvesting began 55 days after sowing. The fruits were harvested immature, daily, with 

a harvesting standard of fruit length between 15 cm (minimum) and 20 cm (maximum). A stem 

length of 2 to 3 cm was maintained on all fruits, and a total of 15 harvests were made over 15 

days. 

The following were evaluated: fresh fruit mass (g), length (cm) excluding the stem, 

diameter (mm) (average of the values from the apical, median, and basal points of the fruit), 

and the number of rotten fruits. 

The production per plant was evaluated, determined by the total weight of the fruits 

divided by the number of plants (kg per plant), and the variance of fruit mass (g) of the Italian 

zucchini as a function of the days of harvest. 

The firmness of the fruits was analyzed during the first evaluation using the Stable 

Micro Systems ISO 1001 TA.XT Express texture analyzer, with the test parameters being a PN 

2 needle of 2 mm, a speed of 2 mm/s, a penetration depth (distance) of 20 mm, a test time of 

5 seconds, and a force of 5 grams (approximately 0.5 newtons). The firmness (hardness) result 

was given in grams, and the evaluation was performed on the median part of all fruits. 

The data obtained from the respective parameters were subjected to analysis of 

variance using the F-test, adhering to the assumptions of the Shapiro-Wilk test model, to verify 

normality, and the means of the different concentrations were compared using Tukey's test at 

a 5% probability level. A regression test was applied to the variables that showed significant 

differences (Ferreira, 2011). 
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Results e Discussion 

  

There was a significant difference in the parameters related to calcium nitrate 

concentrations concerning the number of fruits with blossom-end rot (Figure 2). The foliar 

application of calcium nitrate at a concentration of 3.0 g L-1 resulted in a lower number of 

fruits with blossom-end rot, while the concentration of 0.0 g L-1, without application, showed 

a higher incidence compared to the other concentrations. 

 

Figure 2. 

Number of fruits with apical rot, in italian zucchini plants subjected to different concentrations 

of calcium nitrate 

 
Note: Prepared by the authors, 2024. 

 

The sexual development of zucchini flowers can be divided into three phases: the first 

phase produces only male flowers, the second phase produces both male and female flowers, 

and the third phase produces only female flowers (Martínez et al., 2013). A similar result was 

found by Costa et al. (2015), in Italian zucchini grown in a protected environment, where 

initially only male flowers were produced.  

However, in the present study, the opposite result was obtained, with female flowers 

opening before the male ones. This led to a lack of pollination (Oliveira et al., 2010), and the 

fruit rot observed at all calcium nitrate concentrations tested could be attributed to poor 
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pollination due to the cool temperatures in the early months (Figure 1) and short days (Amaro 

et al., 2014). 

Another factor correlated with the higher number of rotten fruits in the treatment 

without calcium nitrate could be a nutritional imbalance with a low calcium concentration in 

the plant. Since calcium is a nutrient with low mobility and Italian zucchini fruits have a high 

demand for this nutrient, there may have been a decrease in the structural and functional 

maintenance of cell membranes (Júnior et al., 2011; Coelho et al., 2020). 

 

Table 2. 

Fruit production (Kg), fruit fresh mass, fruit length (cm) and fruit diameter (mm) in italian 

zucchini plants subjected to different concentrations of calcium nitrate. 

Concentrations Production(Kg) Mass(g) Length (cm) Diameter(mm) 
0,0 L-¹ 1,652 a 176,3 a 15,9 a 38,7 a 
3,0 L-¹ 1,978 a 170,5 a 15,2 a 37,5 a 
6,0 L-¹ 1,768 a 162,5 a 14,6 a 35,3 a 
9,0 L-¹ 1,740 a 174,6 a 15,6 a 38,5 a 
12,0 L-¹ 1,663 a 178,4 a 15,8 a 38,4 a 
Cv (%) 22,22 12,16 10,61 11,07 

Note: means of the same letters in the columns are statistically equal using the Tukey test at 5% probability. 

 

The foliar-applied calcium concentrations did not result in increased production of 

Italian zucchini in the present study. In a study evaluating the productivity and economic 

efficiency of Italian zucchini fruits under different nitrogen concentrations (0 – 60 – 120 – 240 

and 480 kg ha-1) via fertigation (Oliveira et al., 2022), the authors observed an increase in fruit 

production when a concentration of 326.64 kg ha-1 of nitrogen was used. A contrary result was 

found by Cavalcante et al. (2019), in fertilization with potassium and calcium in the nutrition 

and fertilization of the ‘Paluma’ guava cultivar, where the highest production gain occurred in 

the treatment without calcium. 

However, in studies conducted by Cavalcante et al. (2014), on the foliar application of 

calcium nitrate in yellow passion fruit, a satisfactory result in production was obtained 

regardless of the concentrations tested. The same result was obtained by Yuri et al. (2012), in 

the production and quality of melon fruits. 

One hypothesis for the negative effect of foliar calcium application in the present study 

is that its transport via the phloem is limited, and the element is immobile in the plant, 

preventing the translocation of calcium applied to the leaf to other tissues (Cavalcante et al., 

2014). Calcium is an essential element for root and shoot growth, and it increases stress 

tolerance when applied pre-harvest, showing a more significant response in post-harvest fruit 

quality (Kumar et al., 2017). 

Regarding fruit weight, length, and diameter, there was no difference between the 

calcium concentrations, as zucchini yield is determined by the number and average weight of 

harvested fruits, resulting in production per plant (Delfim; Mauch, 2017). 
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Regarding fruit firmness (Figure 3), the concentration of 9 g L-1 of calcium nitrate 

showed higher firmness compared to the other tested concentrations, while the concentration 

of 12 g L-1 had a lower result than the other treatments. 

 

Figure 3. 

Fruit firmness (g) of italian zucchini plants subjected to different concentrations of calcium 

nitrate. 

 
Note: Prepared by the authors, 2024. 

 

In a study that analyzed the application of silicon and calcium on fruit quality and 

cucumber firmness (González-Terán et al., 2020), the authors observed greater firmness when 

calcium was applied. Similar results were found by Muñoz, Ruiz, and Bouzo (2017) in the foliar 

application of calcium nitrate on melon quality, with the concentrations of 1.3 and 2.6 g L-1 

showing better fruit firmness. 

Thus, the application of calcium, both via foliar and in the planting hole, is directly 

related to the maintenance of cell membrane function and structure in fruits. It is of utmost 

importance for the structuring and stabilization of the cell wall (Moschini et al., 2017; 

Vasconcelos et al., 2020), as it acts as a cementing agent and delays the ripening and 

senescence process, thereby extending the shelf life and marketability of the fruits (Yamamoto 

et al., 2011; Navarro-León et al., 2022). 
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Conclusions 

 

The foliar application of calcium nitrate does not influence the production, length, 

mass, or diameter of Caserta Italian zucchini fruits. 

The concentration of 3.0 g L-1 results in a lower number of fruits with blossom-end rot. 

The concentration of 9 g L-1 of calcium nitrate shows greater firmness. 
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