
  
Doi: https://doi.org/10.17584/rcch.2018v12i1.7338

REVISTA COLOMBIANA DE CIENCIAS HORTÍCOLAS - Vol. 12 - No. 1 - pp. 82-93, enero-abril 2018

Applications of calcium and boron increase yields of 
Italian tomato hybrids (Solanum lycopersicum) in two 
growing seasons

Aplicaciones de calcio y boro aumentan la producción de 
híbridos de tomate Italiano (Solanum lycopersicum) en 
dos temporadas de cultivo
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ABSTRACT
The objective of this study was to evaluate the effect of boron soil treatments and the frequency of calcium 
applications on the flowering, agronomic performance, and incidence of blossom end rot in Italian tomato 
hybrids grown in conventional systems during two growing seasons. Two experiments were carried out in 
the experimental area of the Federal University of Santa Maria, Frederico Westphalen campus (Brazil) during 
2012 and 2013. A randomized block experiment design was used in a 2×2×3×3 factorial scheme with two 
hybrids (San Vito and Netuno) in two growing seasons (Spring-Summer and Summer-Fall), three boron 
doses (0.0, 2.0, or 4.0 g/hole), and three frequencies of calcium application (absence of application, weekly, 
or biweekly application) with four replicates. The seedlings were transplanted on September 4, 2012 for the 
Spring-Summer growing season and on January 26, 2013 for the Summer-Fall growing season. The Netuno 
hybrid was more productive in comparison to the San Vito hybrid, but more susceptible to blossom end rot. 
Both growing seasons can be recommended for Italian tomato production in Rio Grande do Sul although the 
Spring-Summer growing season was more productive than the Summer-Fall growing season. The biweekly 
application frequency of 0.6% CaCl2 was the best option for fertilizer management, resulting in higher yields 
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The tomato (Solanum lycopersicum) can be cultivated 
in different cropping systems in several geographic 
latitudes (Shirahige et al., 2010). The total cultivat-
ed area for tomato in Brazil was 55,000 ha in 2015, 
with the states of Goiás, Minas Gerais, and São Paulo 
being the largest national producers (MAPA, 2015). 
The tomato is a very significant crop for the Bra-
zilian population because of its socioeconomic rele-
vance (Schwarz et al., 2013), increasing consumption 
because of nutritional factors (Iglesias et al., 2015). 
Among the groups of tomato on the market, the 
commonly called ‘Italian’ type, also called the sala-
dette tomato (Filgueira, 2000; Alvarenga, 2004), cul-
tivations have been improving qualities associated 
with taste, resulting in greater versatility in culinary 
use (Shirahige et al., 2010). 

A number of complex factors and biochemical path-
ways can influence tomato yields; for example, calci-
um deficiency can lead to blossom end rot, something 
that has caused preventable losses for growers. Calci-
um, upon incorporation into cellular tissue becomes 
immobile and, thus, there is a need for a constant 
supply in order to meet fruit growth requirements. 
Because of the low rate of translocation, the charac-
teristic symptom of calcium deficiency first presents 
as flaccidity of the tissues at the apical part of im-
mature fruits because of low calcium translocation, 
which often presents as a light brown irregular soft 
spot that becomes darker as the fruit grows. Calcium 
deficiency can also result in internal browning of the 
fruit (Bresolin et al., 2010).

and a lower number of fruits with an incidence of blossom end rot. The increment of the boron dose defined the 
higher number of fruits per plant and yield increase.

Additional key words: nutrition, fruit production, blossom end rot, Solanaceae.

RESUMEN
El objetivo de este estudio fue evaluar el efecto de tratamientos de boro edáfico y frecuencia del calcio foliar en 
floración, sobre la producción y ocurrencia de la pudrición apical de híbridos de tomate italiano, cultivados en el 
sistema convencional en dos temporadas de cultivo. Se realizaron dos experimentos en el área experimental pertene-
ciente a la Universidade Federal de Santa Maria, campus de Frederico Westphalen (Brasil), en los años 2012 y 2013. 
El diseño experimental fue de bloques al azar con un arreglo factorial 2×2×3×3 cuyo factores fueron dos híbridos 
(San Vito y Neptuno), en dos épocas de cultivo (primavera-verano y verano-otoño), tres dosis de boro (0; 2,0 y 4,0 
g/planta) y tres frecuencias de aplicación de calcio (ausencia de aplicación, aplicación semanal y quincenal) y cuatro 
repeticiones. El trasplante de plántulas se realizó el día 04 de septiembre de 2012 para la primavera-verano y el 26 
de enero para el verano-otoño. El híbrido Neptuno es más productivo en comparación con el híbrido San Vito, pero 
más susceptible a la pudrición apical. Las dos épocas de cultivo pueden ser recomendadas para el cultivo del tomate 
italiano en Rio Grande do Sul, aunque el cultivo de primavera-verano presenta mayor productividad cuando se 
compara al verano-otoño. La frecuencia de aplicación quincenal de CaCl2 al 0,6% se constituye en la mejor opción 
de manejo de fertilización, en el sentido de obtener mayor productividad y menor número de frutos con incidencia 
de pudrición apical. El incremento de la dosis de boro condiciona mayor número de frutos por planta y aumento de 
la productividad.

Palabras clave adicionales: nutrición, rendimiento, pudrición apical, Solanaceae.
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Plant genetic traits, with respect to the absorption 
and translocation of calcium to the fruits, also inter-
fere in the occurrence of blossom end rot (Greenleaf 
and Adams, 1969). Certain cultivars or hybrids func-
tion better in calcium deficient environments, and, 
thus, care needs to be taken when deciding which cul-
tivar will be planted (Giordano et al., 2005). Calcium 
applied to leaves is first transported by the phloem to 
new tissues and the flow is linked to the metabolic 
activity (Dechen and Nachtigall, 2007).

Calcium deficiencies have been studied jointly with 
boron deficiencies because of similarities of these ele-
ments in cell wall functions. According to Yamauchi 
et al. (1986), an absence of boron can decrease the 
calcium content in the pectin in the cell wall of to-
mato leaves. Boron deficiencies cause dark lesions 
and cleavages in fruits and result in a considerable 
depreciation in tomato yields (Malavolta et al., 1989). 
Furthermore, boron deficiencies reduce flowering and 
pollination because boron acts as a regulator in car-
bohydrate metabolism and translocation (Silva and 
Faria, 2004).

In southern Brazil, tomatoes are traditionally grown 
in the Spring when weather conditions are more suit-
able for the plants, and higher prices of this vegetable 
are seen during the Fall when greater difficulties for 
its cultivation are verified, such as low temperatures 
and less solar radiation than is needed by the crop.

The objective of this study was to evaluate the effect 
of boron doses applied to the soil and the effect of 
frequencies of floral calcium application on the agro-
nomic performance and the incidence of blossom end 
rot in Italian tomato hybrids grown in conventional 
system in two growing seasons.

MATERIALS AND METHODS

Two experiments were carried out in the field from 
August, 2012 to May, 2013 in the experimental area 
of the Federal University of Santa Maria, Frederico 
Westphalen campus (Brazil), located at 27º23’48” S 
and 53º25’45” W, at an altitude of 490 m. According 
to the Köppen climate classification, the climate is 
subtropical humid (Alvares, 2014) and the predomi-
nant soil in the region is classified as typical alumino-
ferric red Oxisol (Embrapa, 2013).

The experiment design was a randomized block in 
a 2×2×3×3 factorial scheme with two hybrids in 

two growing seasons, three boron doses, and three 
frequencies of calcium application with four repli-
cates. Each block was composed of four plants for 
the evaluation. The evaluated hybrids were San Vito 
and Netuno, both have indeterminate growth hab-
its and belong to the Italian group cultivated in the 
Spring-Summer and Summer-Fall seasons. Three bo-
ron doses were applied to the soil (0.0, 2.0, and 4.0 g/
hole) and three frequencies of calcium were applied to 
the leaves or flowers (absence of application, weekly, 
and biweekly application).

The boron doses were applied to individual holes 
when the seedlings were planted. Treatments of 0.6% 
calcium chloride were applied with a manual sprayer 
directed at the floral structures; the procedure began 
during the anthesis period and was carried out until 
the end of fruiting.

The seedlings were produced in trays containing a 
commercial substrate, composed of sphagnum peat 
in a floating system. Soil preparation for plant cul-
tivation was carried out in a conventional system, 
with plowing, harrowing, and subsequent formation 
of ridges. Basic and topdressing fertilization were 
done according to the results of soil analysis. The 
soil analysis indicated a 6.1 pH, and values for clay of 
64%, P of 6.7 mg L-1, K of 239.5 mg L-1, organic mat-
ter of 2.9%, cation exchange capacity of 11.3, Ca of 
5.7 cmolc L-1, and B of 0.4 mg L-1. The seedlings were 
transplanted on September 4, 2012 for the first grow-
ing season and on January 26, 2013 for the second 
growing season when they presented approximately 
five leaves.

The plants were grown vertically with single-stem 
training by means of a ribbon, single row with spac-
ing of 1.0 m between rows and 0.5 m between plants. 
Crop irrigation was performed with a drip system. 
A soil heaping procedure were carried out at 20 d af-
ter the transplant, jointly with the first topdressing 
fertilization, and the other fertilizations were per-
formed at 10 d intervals. General cultivation prac-
tices recommended for the crop were carried out 
through removal of sprouts, plant tips, and bottom 
leaves. Control of invasive plants and phytosanitary 
treatments were carried out according to the techni-
cal recommendations for the crop.

Meteorological data concerning the two growing sea-
sons were collected from an automatic station of the 
National Institute of Meteorology (INMET, Brazil) 
located approximately 300 m from the experimental 
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site. It was possible to determine the air temperature 
and global solar radiation values.

The harvest started on November 16, 2012 for the 
first growing season and April 6, 2013 for the second 
growing season. The harvest point was characterized 
by the appearance of a red color on the fruits. The 
harvests were performed daily in order to assess the 
agronomic performance of the hybrids. The fruits of 
each plot were evaluated and the following variables 
were measured: total number of fruits (TNF), number 
of commercial fruits (NCF), number of non-commer-
cial fruits (NNCF), number of fruits with blossom 
end rot (NFBER), mean weight of fruits (MWF), 
commercial fruit weight (CFW), non-commercial 
fruit weight (NCFW), fresh weight of fruits (FWF), 
commercial fruit yield (CFY), and mean fruit diam-
eter (MFD).

The data were submitted to an analysis of variance. 
If significant, the means were compared by the Tukey 
test at 5% probability or submitted to a process of 
regression model adjustment according to the factor 
assessed by the statistical program SAS (SAS Insti-
tute, 2002).

RESULTS

The data on the temperature and incident global 
solar radiation recorded during the experiment are 

shown in figures 1 and 2. The temperature during 
most of the crop period was tolerable for crop devel-
opment, 10 to 35°C (Alvarenga, 2004). Temperatures 
below the tolerable level were recorded for crops at 
the beginning of the first growing season and from 
flowering stage until fruit maturation for the second 
growing season.

The observed incident global solar radiation ranged 
between a maximum value of 32.4 MJ m-2 d-1 and a 
minimum of 0.14 MJ m-2 d-1 for the first growing sea-
son and between the maximum value of 31.5 MJ m-2 
d-1 with a minimum of 1.35 MJ m-2 d-1 for the second 
growing season (Fig. 2). In the Spring-Summer grow-
ing season, the solar radiation was lower at the begin-
ning of the cycle, while in the Summer-Fall growing 
season, the solar radiation remained below the troph-
ic limit for several days for the crop during periods of 
greater demand, such as flowering, fruiting, and fruit 
maturation.

For the total number of fruits, fresh weight of fruits, 
and commercial fruit yield, the analysis of variance 
showed interaction between the factors: hybrid × 
boron doses, and hybrids × frequency of calcium ap-
plication. The mean fruit diameter exhibited signifi-
cant effects for the factors of hybrid and frequencies 
of calcium application.

There were interactions between the growing sea-
sons × frequency of calcium application and boron 
doses × frequency of calcium application for the 

Figure 1. Mean of maximum, mean, and minimum air 
temperatures recorded during the growing 
seasons Spring-Summer (A) and Summer-Fall (B), 
lower limit and upper limit of temperatures during 
cultivation of Italian tomato hybrids.
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Figure 2.  Mean of incident total solar radiation recorded 
during Spring-Summer (A) and Summer-Fall (B) 
during cultivation of the Italian tomato hybrids.
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Table 1.  Mean fruit diameter (MFD), fresh weight of fruits 
(FWF), number of commercial fruits (NCF), and 
commercial fruit yield (CFY) of the Italian tomato 
hybrids. 

Hybrids
Production parameters

MFD  
(cm)

FWF  
(g/fruit) NCF/plant CFY  

(kg/plant)
Netuno 4.8 a 99.6 a 19.0 a 1.9 a
San Vito 4.3 b  96.4 b 16.1 b 1.6 b
CV (%) 5.94 6.74 14.03 14.61

Means followed by the same letters in the column do not differ from each other 
according to the Tukey test (P≤0.05).

number of the production of commercial fruits and 
fresh weight of fruits. For mean weight of fruits, 
the interaction was observed for the factors growing 
seasons × frequency of calcium application. For the 
number of non-commercial fruits, non-commercial 
fruit weight and number of fruits with blossom end 
rot, an analysis of variance showed interactions be-
tween the factors of growing seasons × frequency of 
calcium application, hybrids × frequency of calcium 
application, and boron doses × frequency of calcium 
application.

The hybrid Netuno presented superior performance 
for the variables mean fruit diameter, fresh weight 
of fruit, total number of fruits, and commercial 
fruit yield when compared to the San Vito hybrid 
(Tab. 1). For the calcium application frequency, the 
biweekly application was similar to the weekly ap-
plication, forming tomato fruits with a superior di-
ameter (Tab. 2).

For the control treatment of frequency of applica-
tion without calcium, the Spring-Summer growing 
season was superior to the Summer-Fall season for 
the variable mean weight of fruits (MWF), while 
the other frequencies presented similar performanc-
es in both growing seasons. The highest MWF was 

observed with a biweekly application of calcium, 
which was not statistically different from weekly ap-
plications, and the lowest performance was verified 
in the absence of a calcium application (Tab. 3). For 
the Summer-Fall growing season, the highest MWF 
was verified in the biweekly and weekly frequencies 
of calcium application, which did not statistically dif-
fer from one another, and the lowest was verified in 
the absence of calcium application (Tab. 3).

For the variable commercial fruit weight (CFW), the 
weekly and biweekly applications provided superior 
performance in the Spring-Summer growing season. 
The greatest number of commercial fruits (NCF) 
and commercial fruit weight (CFW) were observed 
in the biweekly application of calcium, followed by 
the weekly application. Without calcium applica-
tions, for the variable non-commercial fruit weight 
(NCFW), there was a greater production of NCFW 
in the Spring-Summer season when compared to the 
Summer-Fall growing season. Lower production was 
observed for the biweekly application of calcium as 
well as the Summer-Fall growing season where great-
er NCFW occurred in the absence of calcium applica-
tions (Tab. 3).

For the total number of fruits per plant (TNF) as a 
function of frequency of calcium application, the 
highest TNF for the growing season was recorded 
for both the biweekly and weekly applications, dif-
fering from the absence of application during the 
Spring-Summer growing season. For the Summer-Fall 
season, the TNF/plant was similar to the weekly and 
biweekly applications, which did not statistically dif-
fer from each other and presented a lower TNF with-
out calcium applications (Tab. 3).

The number of fruits with blossom end rot (NFBER) 
was greater in the Spring-Summer growing season 
for the treatment without calcium and weekly ap-
plications of calcium. The greatest NFBER were ob-
served in the absence of calcium applications for both 
growing seasons. For the Spring-Summer growing 
season, the lowest number was observed in biweekly 
applications, differing statistically from the others. 
The weekly and biweekly frequencies did not differ 
for the Summer-Fall growing season (Tab. 3).

For the tested hybrids, Netuno performed better re-
spective to the frequencies of biweekly and weekly 
calcium applications for the number of fruits per 
plant (TNF). The lowest TNF was observed in the 
absence of calcium application, differing statistically 

Table 2.  Mean fruit diameter (mm) of the Italian tomato 
hybrids as a function of the frequency of calcium 
application. 

Frequency of calcium application MFD (mm)
Without application 44.6 b

Biweekly 46.3 a
Weekly 45.2 ab
CV (%)  5.94 

Means followed by the same letters in the column do not differ from each other 
according to the Tukey test (P≤0.05).
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from the other frequencies. For the San Vito hybrid, 
the lowest TNF was observed in the absence of a cal-
cium application and the other frequencies presented 
statistical similarity (Tab. 4).

For the number of non-commercial fruits (NNCF) 
and number of fruits with blossom end rot (NFBER), 
the absence of a calcium application and the week-
ly application in the San Vito hybrid showed the 
greatest values. The biweekly applications resulted 
in a similar performance, reducing both NNCF and 
NFBER. For both tested hybrids, the weekly and 

biweekly application frequencies provided lower val-
ues of NNCF and NFBER/plant, and differed statisti-
cally from the absence of a calcium application (Tab. 
4).

The hybrids produced similar fresh weights and 
commercial fruit yields in the absence of a calcium 
application. In the weekly and biweekly application 
frequencies, the Netuno hybrid presented superior 
performance when compared to San Vito. Both hy-
brids presented a greater FWF with a biweekly appli-
cation of calcium followed by the weekly application 

Table 3.  Mean fruit weight (MWF), commercial fruit weight (CFW), non-commercial fruit weight (NCFW), number of commer-
cial fruits (NCF), number of non-commercial fruits (NNCF), and number of fruits with blossom end rot (NFBER) per 
plant as a function of the calcium application frequency and growing seasons Spring-Summer (Spr-Sum) and Sum-
mer-Fall (Sum-Fall).

Frequency of 
CaCl2

MWF (g/fruit) CFW (kg/plant) NCFW (g/plant)
Spr-sum Sum-fall Spr-sum Sum-fall Spr-sum Sum-fall

Without 97.4 bA 89.6 bB 1.2 cA 1.1 cA 750.9 aA 576.7 aB
Biweekly 101.4 aA 100.7 aA 2.5 aA 1.9 aB 241.6 cA 276.4 bA
Weekly 100.0 abA 98.7 aA 2.1 bA 1.8 bB 358.6 bA 308.2 bA
CV (%) 6.74 14.61 33.83

Frequency of 
CaCl2

NCF/plant NNCF/plant NFBER/plant
Spr-sum Sum-fall Spr-sum Sum-fall Spr-sum Sum-fall

Without 11.4 cA 12.2 cA 8.7 aA 7.0 aB 7.9 aA 6.1 aB
Biweekly 24.3 aA 19.3 aB 2.8 cA 3.0 bA 2.1 cA 1.6 bA
Weekly 20.7 bA 17.6 bB 4.1 bA 3.7 bA 3.5 bA 2.1 bB
CV (%) 14.03 29.87 30.3

Means followed by the same lowercase letters in column and upper case in the row do not differ from each other according to the Tukey test (P≤0.05).

Table 4.  Total number of fruits (TNF), number of non-commercial fruits (NNCF), number of fruits with blossom end rot (NFBER), 
fresh weight of fruits (FWF), non-commercial fruit weight (NCFW)/plant, and commercial fruit yield (CFY) as a func-
tion of the frequencies of calcium applications and Italian tomato hybrids.

Frequency of 
CaCl2

TNF/plant NNCF/plant NFBER/plant
Netuno San Vito Netuno  San Vito Netuno  San Vito

Without 19.3 cA 20.1 bA 6.1 aB 9.7 aA 5.1 aB 8.9 aA

Biweekly 25.9 aA 23.5 aB 2.7 bA 3.1 cA 1.5 bA 2.2 cA

Weekly 23.9 bA 22.1 aB 3.2 bB 4.6 bA 1.9 bB 3.6 bA

CV (%) 11.66 29.87 30.3

Frequency of 
CaCl2

FWF (kg/plant) NCFW (g/plant) CFY (t ha-¹)
Netuno San Vito Netuno  San Vito Netuno  San Vito

Without 1.8 cA 1.8 cA 534.5 aB 793.1 aA 36.8 cA 36.6 cA

Biweekly 2.6 aA 2.3 aB 243.4 bA 274.6 cA 52.8 aA 47.1 aB

Weekly 2.4 bA 2.1 bB 264.6 bB 402.2 bA 48.5 bA 43.1 bB

CV (%) 11.27 33.83 11.37

Means followed by the same lowercase letters in the column and upper case in the row do not differ from each other according to the Tukey test (P≤0.05).
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of the boron addition, with a mean of 2.2 kg/plant 
(Fig. 3C).

The Netuno hybrid presented a greater yield with 
increased boron dosages and exhibited a linear re-
gression, while the yield of the San Vito hybrid was 
not influenced by the increase of boron doses. The 
hybrids presented a mean of 44 t ha-1 in the absence 
of boron and in the addition of 2.0 g boron/hole. On 
the other hand, with 4.0 g boron/hole, the Netuno 
hybrid presented a greater yield with a mean of 50 t 
ha-1 (Fig. 3D).

For the commercial fruit weight (CFW) as a function 
of frequencies of calcium application for the boron 
doses, a low accumulation of CFW was observed in 
the absence of a calcium application, reaching a mean 
of 1.2 kg/plant. A linear response was observed in the 
weekly and biweekly applications, represented by a 
sharp increase in yield according to the application 
of boron. A higher production of commercial fruit 
weight was seen in the biweekly application of cal-
cium (Fig. 3E). For the non-commercial fruit weight 
(NCFW), the mean yield of the three boron doses was 
256.6 g/plant and 314.3 g/plant in the weekly and 
biweekly applications, respectively. A greater NCFW 
was seen in the absence of boron doses, followed by 
weekly and biweekly application. There were greater 
yields in the absence of calcium for the doses of 2.0 
and 4.0 g boron than for weekly and biweekly appli-
cations (Fig. 3F).

The number of non-commercial fruits (NNCF) per 
plant as a function of boron doses and frequency of 
calcium application in the absence of a calcium ap-
plication presented a crescent linear equation and an 
increase in NNCF with greater boron doses. Weekly 
and biweekly calcium applications were not influ-
enced by the applied boron doses (Fig. 3G). The plants 
produced approximately 7.0 fruits with blossom end 
rot in the absence of a calcium application, followed 
by 2.0 and 3.0 fruits, respectively, for biweekly and 
weekly applications. The boron applications did not 
affect the availability of calcium or the incidence of 
blossom end rot (data not shown).

DISCUSSION

During the flowering and beginning of fruiting stage, 
the mean temperature was within the recommended 
range for the crop in both growing seasons, which ac-
cording to Filgueira (2008) and Silva and Nascimento 

and a lower FWF in the absence of calcium, differing 
statistically from each other (Tab. 4). The greatest 
CFY was observed for biweekly applications, reach-
ing 52.8 t ha-1 with Netuno and 47.1 t ha-1 with San 
Vito.

For the non-commercial fruit weight (NCFW) as a 
function of the frequency of calcium application for 
the tested hybrids, the hybrid Netuno presented a 
lower NCFW in the absence of calcium and with a 
weekly application; in the biweekly application, the 
hybrids performed similarly. The San Vito hybrid pre-
sented a greater NCFW in the absence of calcium and 
a lower NCFW in the biweekly application of calci-
um. The Netuno hybrid exhibited a lower NCFW in 
the weekly and biweekly applications (Tab. 4).

The plants presented superior production in 
Spring-Summer when compared to summer-fall for 
the fresh weight of fruits and the commercial fruit 
yield during the different growing seasons (Tab. 5).

Table 5.  Fresh weight of fruits (FWF) per plant and com-
mercial fruit yield (CFY) of Italian tomato hybrids 
as a function of the growing seasons.

Growing season FFW (kg/plant) CFY (t ha-1)

Spring-summer 2.4 a 47.9 A

Summer-fall 2.0 b 40.5 B

CV(%) 11.27 11.37

Means followed by the same letters do not differ according to the Tukey test 
(P≤0.05).

Linearity for the equation of variable total number of 
fruits (TNF/plant) as a function of the boron doses 
was verified with the regression analysis. The Netuno 
hybrid showed an increase of TNF with the addition 
of a boron dose in the soil, while the San Vito hybrid 
showed a similar TNF regardless of the boron dose 
applied (Fig. 3A). A Linear regression was observed 
for the mean number of commercial fruits (NCF) as 
a function of the applied boron doses; an increase 
in the boron dose provided an increase in NCF. The 
dose of 4.0 g of boron/hole produced 18.5 commer-
cial fruits per plant, while the non-boron application 
yielded 16.0 commercial fruits per plant (Fig. 3B). 

Analyzing the fresh weight of fruits (FWF) per 
plant for different boron doses the San Vito hybrid 
exhibited a linear regression with an increased FWF 
according to increments in the boron dose. The 
Netuno hybrid maintained the FWF independent 
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Figure 3.  A. Total number of fruits/plant; B. Number of commercial fruits/plant; C. Fresh weight of fruits; D. Commercial fruit 
yield; E. Commercial fruit weight; F. Non-commercial fruit weight; G. Number of non-commercial fruits/plant of the 
Italian tomato hybrids as a function of different boron doses and frequency of calcium application.
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(2007) is 18 to 24°C. Lower temperatures occurred 
during the Summer-Fall growing season, with the 
minimum temperature below the tolerable limit for 
the crop, which, according to Alvarenga (2004), is 
10ºC. This event also occurred in the fruit maturation 
stage because, according to Filgueira (2008), the ideal 
air temperature is between 20 and 24ºC in this stage.

Tomatoes are adapted to warm climates, need a long 
growing season and its performance is closely related 
to the air temperature. Metabolic processes are ac-
celerated when temperatures are higher and metab-
olisms tend to decrease during colder periods (Cruz 
et al., 2008). When exposed to low temperatures, the 
species presents shorter internode lengths, decreased 
plant height, inhibition of fruit formation, and a gen-
erally late harvest (Filgueira, 2008).

This species requires approximately 8.4 MJ m-2 d-1 

of incident solar radiation to produce the minimum 
quantity of photoassimilates necessary for its main-
tenance (Andriolo et al., 2000), while the radiation 
intercepted during the Spring-Summer period is 
considered ideal. Solar radiation and air temper-
ature are the meteorological variables that most 
affect tomato growth, development, and yields 
(Hoogenboom, 2000). According to Andriolo et al. 
(2000), plants that are in full fruiting stage are more 
demanding of solar radiation than plants at the be-
ginning of vegetative growth. When solar radiation 
levels are not enough to meet plant demand, com-
petition from photoassimilates occurs between the 
vegetative parts and the fruits, reducing the rate of 
emission or fixation of fruits.

The Italian tomato hybrids usually present fruits 
with a transverse diameter of 3 to 5 cm, as they are 
mainly consumed fresh and valued for the reduced 
weight and size (Andreuccett et al., 2005). The com-
mercial fruit weight differed among the hybrids, 
with Netuno presenting better results than San Vito. 
The results found for the hybrid Netuno are lower 
than those observed by Shirahige et al. (2010), while 
San Vito presented a mean weight similar to the data 
found by Monteiro et al. (2008) and those indicated 
by the manufacturer. According to Embrapa (2003), 
the San Vito hybrid has a mean weight of 95 to 105; 
moreover, the fruit diameter and weight are consid-
ered genetic traits, explaining the differences found 
in the performance of the hybrids.

For the number and weight of commercial fruits per 
plant, the Netuno hybrid is, probably, less susceptible 

than San Vito to incident anomalies that can affect 
commercial production because San Vito is more sen-
sitive to calcium deficiencies (Embrapa, 2003). The 
greater number of fruits produced by the Netuno hy-
brid is likely a result of its greater efficiency in fruit 
fixation. The data agreed with Silva et al. (2012) who 
evaluated Italian tomato hybrids in protected cul-
tivation and reported that the San Vito hybrid pre-
sented a higher incidence of blossom end rot when 
compared to the others hybrids.

In the assessment of calcium applications in the sala-
dette hybrid group, Silva et al. (2009) verified that 
calcium supply provided formation of fruits with a 
diameter greater than 40 mm, whereas the absence 
decreased the mean diameter of the fruits, which cor-
roborate with the results seen in the present study. 
The calcium applications applied to floral provided 
fruit production with a larger diameter in compari-
son to those produced in the absence of calcium.

Calcium is essential for the maintenance of plas-
ma membrane stability (Marschner, 1986). This 
element, when properly supplied, provides greater 
fruit establishment, greater growth, and a lower 
incidence of physiological disorders, along with an 
increasing number and weight of commercial fruits. 
The values obtained in this study contradict the 
data found by Arruda Júnior et al. (2011) who eval-
uated the saladette hybrid group and verified that, 
as the calcium dose increases, a decrease in the mean 
weight of fruits is observed.

Among other functions, calcium acts on flower fix-
ation, acting on pollen grain germination and pollen 
tube growth (Malavolta et al., 1997). The biweekly 
application of calcium provided a greater sugar ac-
cumulation in the fruit and greater fresh weight 
of fruits in relation to the absence of calcium. An 
over-application of calcium doses may have occurred 
in the weekly application, where biweekly applica-
tions had already met the nutritional requirements of 
the hybrids. The foliar application of CaCl2 (0.6%) + 
borax (0.2%) resulted in the maximum plant height, 
branches per plant, flowers, fruits, fruit mass, yield, 
fruit firmness and total soluble solids and the lowest 
incidence of rot (Rab and Haq, 2012).

The number of fruits produced is a direct conse-
quence of the index of fruit fixation of the plant. 
Contradictory data were found by Plese et al. (1997) 
in saladette type tomatoes, where the weekly appli-
cation of CaCl2 provided a greater number of fruits 
per plant.
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In the Spring-Summer growing season, non-limiting 
solar radiation and elevated temperatures stimulated 
greater commercial fruit production. These factors 
did not adversely affect the physiological processes of 
the plant, and likely resulted in a greater amount of 
photoassimilates. This likely increase of photoassimi-
lates in the plant provided a greater quantity of fruits 
per raceme, increased fruit size, and improvement in 
fruit quality, increasing commercial production (Cal-
iman, 2003), as well as productivity, and production 
per plant. In the Spring-Summer growing season, the 
highest incidence of diseases was seen; this affected 
the maturation and the final quality of the fruits.

During the Summer-Fall growing season, a reduction 
in the availability of solar radiation and the occur-
rence of lower temperatures resulted in a reduction 
in the metabolism, formation of smaller fruits, slow 
ripening, and reduced productivity, which justifies 
the observed results.

The occurrence of higher temperatures in the 
Spring-Summer growing season was responsible 
for the increase in the transpiration rate and, con-
sequently, stomata closure, decreasing the tran-
spiratory flow; therefore, the lower absorption and 
translocation of calcium likely caused blossom end 
rot (Taiz and Zeiger, 2013). High temperatures (above 
30°C) can lead to physiological disorders such as fruit 
yellowing, poor development, and hollow fruits (Em-
brapa, 2003). Furthermore, Carrijo et al. (2004) ver-
ified higher values of incidence than those found in 
this study, varying from 8.3 to 15 fruits with blossom 
end rot per plant.

Blossom end rot is considered one of the most im-
portant physiological disorders in tomato. The disor-
der is caused by calcium deficiency in fruits and is 
characterized by the appearance of necrotic tissue in 
the distal part of the fruit (Saure, 2001). One of the 
recommendations to correct calcium deficiencies is 
by spraying, as observed by Borkowski (1984), with 
0.5% calcium chloride directed at the floral stem. 
The control of this disorder is important because 
blossom end rot is one of the components that most 
influences the reduction of tomato productivity 
(Loos et al., 2008).

The yield observed in the present study can be con-
sidered adequate since the mean tomato yield in 
the state of Rio Grande do Sul in 2012, according to 
IBGE (2012), was 44.7 t ha-1. The data obtained in 
Spring-Summer growing season were above the State 
mean, while, in the Summer-Fall season, the yield was 

lower. Assessing the performance of Italian tomato in 
the field, Machado et al. (2007) found a mean yield of 
75 and 83 t ha-1 respectively for the Heinz 9780 and 
Kátia cultivars, which was greater than those found 
in the present study.

Although the yield in this study is considered ade-
quate, the data were lower than those found by 
Machado et al. (2007) who cultivated Italian toma-
toes in the field and found 28 and 32 fruits per plant 
respectively for the Heinz 9780 and Katia cultivars.

The proper supply of boron is of great importance 
because micronutrients significantly affect tomato 
productivity, quality, and quantity of fruits (Silva 
and Faria, 2004). Boron is important for pollination, 
fruit development, pollen tube growth, fruiting pro-
cesses, and hormonal activities and has an essential 
role in the absorption and use of calcium (Galli et al., 
2012). There is poor flowering and pollination when 
a boron deficiency is present, and, consequently, 
there are lower rates of fruit fixation in the plant, 
lower amount of fruits per plant, and reduced fruit 
sizes and a greater incidence of open loci (Silva and 
Faria, 2004). Higher boron leaf spray rates showed 
a reduction in the incidence of defects (Huang and 
Snapp, 2004).

The elements boron and calcium act together in fruit 
formation, reducing the incidence of poor fruit for-
mation and rot. According to Ramon (1990), a de-
ficiency or excess of boron leads to a deficiency of 
calcium, which has a fundamental role in cell walls. 
The deterioration of the membranes of fruit cells oc-
curs especially in newly formed fruits, with a con-
sequent loss of turgor and leakage of cellular liquid 
(Saure, 2001). Boron deficiencies are responsible for 
changes in calcium translocation in shoots and fruits. 
In addition, boron deficiencies can cause a decrease in 
calcium content for leaves which affect processes of 
absorption and translocation in the plant (Yamauchi 
et al., 1986).

An inadequate nutrient supply of calcium and bo-
ron can contribute to a reduction in yield because 
of lower rates of fruit production (Laviola and Dias, 
2008). Values different than those found in this 
study were observed by Plese et al. (1998) because 
they were able to further reduce the occurrence of 
blossom end rot in tomatoes with the addition of 
boron and calcium. Inadequate supplies of calcium 
and boron contribute to a reduction in the produc-
tion of commercial fruits (Laviola and Dias, 2008). 
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Soil correction and supply with boron sources and 
sprays with calcium solution in the floral stems are 
fundamental for ensuring high yields.

CONCLUSIONS

The Netuno hybrid is more productive in comparison 
to the San Vito hybrid, but more susceptible to blos-
som end rot.

The growing seasons of Spring-Summer and Sum-
mer-Fall can be recommended for Italian tomato cul-
tivation in Rio Grande do Sul because they acheive 
yields close to the statewide means.

The frequency of the biweekly applications of 0.6% 
CaCl2 is the best option for fertilizer management 
when attempting to improve yields and maintain a 
lower number of fruits with an incidence of blossom 
end rot. 

Increment doses of boron up to 4 g/hole increased the 
yields of the Italian tomato hybrids.
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