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Tomato cultivar Sweet Grape has 
been standing out in the market 

as besides of its small size, sweet 
and characteristic flavor; it has high 
productivity (Preczenhak et al., 2009). 
This cultivar produces a large number of 
flowers per floral cluster (30 in average), 
being conducted commercially with 
two or more stems, which increase the 
number of flowers during reproductive 
phase (Heath, 2012). Flower set depends 
on the appropriate availability of water, 

nutrients and good phytossanitary 
conditions. Moreover, in order to ensure 
a good flower set, the air temperature 
should be from 10 to 32°C (Alvarenga, 
2013).

Among the nutrients, boron (B) 
has great importance for flower set, 
stimulating pollen grain germination, 
and pollen tube growth (Lee et al., 
2009). Boron is also a micronutrient 
that affects positively fruit quality, since, 
with calcium, provides resistance and 

stability to cell wall (Liebisch et al., 
2009). Additionally, B plays an important 
role in other important biological 
processes in plant, such as metabolism 
and transport of carbohydrates and cell 
division (Taiz & Zeiger, 2013).

Marschner (2012) reports that 
for most cultivated species, as for 
tomato plant, B is considered a 
phloem-immobile element. In certain 
environmental conditions, B deficiency 
in plants may occur, even being 
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ABSTRACT 
Boron (B) fertilizer application for tomato crop can be carried 

out by applying the nutrient to the soil or by spraying liquid solutions 
on leaves. The use of different fertilizers containing B can interfere 
in fertilization efficiency, since the performance of each product can 
be determined by its physicochemical properties. The aim of this 
study was to evaluate the application efficiency of two boron-based 
commercial foliar fertilizers applied at two time intervals and their 
possible effects on production components of Sweet Grape tomato. 
An experiment was conducted under commercial hydroponic system 
in split-split plot scheme that combined two doses of boron in the 
nutrient solution [sufficient (25 µmol L-1) or insufficient (6.25 µmol 
L-1)], two intervals between foliar sprays of B (seven or 14-day 
intervals) and two commercial foliar fertilizers [boric acid (0.34 g L-1) 
and sodium octaborate (0.36 g L-1)]. A positive effect of boron foliar 
fertilization was observed on the productivity or on fruit quality when 
a condition of B deficiency was noticed in plants, without significant 
difference in effects concerning the two B-source and the frequency 
of these applications.

Keywords: Solanum lycopersicum, micronutrient, leaf fertilization, 
hydropony.

RESUMO
Produção e qualidade do tomate Sweet Grape em resposta à 

fertilização foliar com boro

A adubação com boro (B) do tomateiro pode ser feita fornecendo-
-se o nutriente via solo ou por meio de pulverização de soluções 
direcionadas às folhas. O uso de distintas fontes de B nas soluções 
pulverizadas nas folhas pode interferir na eficiência dessa fertiliza-
ção, pois o desempenho de cada produto pode ser determinado pelas 
suas propriedades físico-químicas. Dessa forma objetivou-se com 
este trabalho avaliar a eficiência da aplicação de dois fertilizantes 
foliares comerciais contendo boro, aplicados em duas frequências, 
e seus possíveis efeitos nos componentes de produção e qualidade 
do tomate Sweet Grape. Para isso, foi implementado um experi-
mento em sistema hidropônico comercial em esquema de parcelas 
sub-subdivididas, em que foram fornecidas duas doses de boro na 
solução nutritiva: suficiente (25 µmol L-1) ou insuficiente (6,25 
µmol L-1), acompanhadas de pulverizações foliares com aplicação 
em intervalos de 7 ou 14 dias, utilizando-se os seguintes adubos 
foliares comerciais: ácido bórico (0,34 g L-1) e octaborato de sódio 
(0,36 g L-1). Os resultados evidenciaram que a fertilização foliar com 
B só foi efetiva para aumentar a produção, ou afetar os atributos de 
qualidade dos frutos quando foi imposta uma condição de deficiência 
de B nas plantas, não havendo distinção de efeitos com a aplicação 
das duas diferentes fontes de boro, assim como com as frequências 
de aplicação.
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sufficient in the rhizosphere, due to a low 
redistribution of this element in phloem 
(Wimmer & Eichert, 2013). Given the 
above, continuous supply of boron via 
xylem is necessary in order to meet the 
requirement for new forming organs 
such as fruits, flowers and meristematic 
zones (Marschner, 2012). Thus, B foliar 
applications are a viable alternative to 
supply the needs of deficient tomato 
plants (Gondim et al., 2014).

Fageria et al. (2009) state that 
nutrients, for which higher efficiency 
occurs when applied as foliar sprays, 
are the ones which are necessary for 
plants in low quantities, and that show 
restricted mobility in plant. Boron stands 
out in this context. The authors highlight 
that micronutrient supply through foliar 
fertilization has low cost due, among 
other reasons, to the fact that smaller 
quantities of product are required and 
they can be applied in admixture with 
most pesticides (Fernandez et al., 2015).

Foliar  fert i l izat ion is  a tool 
increasingly used for increasing 
crop productivity (Fernandez et al., 
2015). However, little is known about 
situations in which foliar fertilizers 
can complement fertilization via roots, 
since controversy in the results obtained 
regarding the potential of this technology 
can be verified (Fageria et al., 2009).

The availability of commercial 
products for foliar fertilizations has 
been increasing in the last years, 
few controlled studies proving the 
efficiency of these products can be 
found, though. According to Fageria 
et al. (2009) and Fernandez et al. 
(2015), the nutrient source used in 
leaf application can interfere in the 
efficiency, and in the potential of this 
technology, since performance of each 
product can be determined by their own 
physicochemical properties.

The aim of this study was to evaluate 
the effect of spraying B sources, during 
reproductive cycle, on production 
and quality of Sweet Grape tomato 
cultivated under hydroponic system.

MATERIAL AND METHODS

The experiment was carried out 
from September to December, 2016, 

in the Departamento de Fitotecnia 
at Universidade Federal de Viçosa, 
Minas Gerais, Brazil (20°45‟14”S, 
42°52‟55”W; 650 m altitude), in a glass-
covered greenhouse, with 2.4 m ceiling 
height and open lateral sides closed with 
an anti aphid mesh.

Seedlings of cultivar Sweet Grape 
were produced in a commercial 
nursery (Agro Mudas®) located in the 
Municipality of Pará de Minas-MG. 
Sowing was performed in expanded 
polystyrene trays of 128 cells, filled with 
coconut fiber substrate. At 40 days after 
sowing, the seedlings were transplanted 
into 8-liter pots containing commercial 
coconut fiber substrate Golden Mix®. 
Spacing was 0.5 m x 1.0 m between 
plants and rows, respectively. Plants 
were conducted with two stems and 
staked using ribbons, afterwards they 
were pruned above the third leaf over 
the sixth flower cluster of each stem. 
Sprout thinning was constantly carried 
out in order to eliminate lateral sprouts.

The nutrient solution used was 
described by Fernandes et al. (2002) 
with some modifications: 8.0; 2.0; 4.0; 
2.0; 1.0 and 1.0 mmol L-1 N, P, K, Ca, 
Mg and S and 50.0; 20.0 7.5; 4.0; 0.9 and 
0.7 μmol L-1 Fe, B, Mn, Zn, Cu and Mo 
for vegetative phase, used from the first 
to the twentieth first day after transplant 
(DAT) and 12.0; 2.0; 6.0; 3.0; 1.5 and 
1.5 mmol L-1 N, P, K, Ca, Mg and S and 
60.0; 10.0; 4.0; 1.3 and 0.7 μmol L-1 Fe, 
Mn, Zn, Cu and Mo for reproductive 
phase (22 to 112 DAT). During this 
phase, half of the plants received 25 
μmol L-1 B, according to Fernandes et 
al. (2002) for this crop and the other half 
received only 6.25 μmol L-1 B (reduction 
of 75% of the recommended dose).

The nutrient solution contained in 
the 60-L reservoirs of each treatment, 
circulated through a 0.25 HP motor 
pump set, which fed the irrigation lines. 
The irrigation system was activated 
daily at 6 a.m. 9 a.m., 11 a.m., 12 
noon, 1 p.m., 2 p.m., 3 p.m. and 6 
p.m. controlled by an electronic timer.  
The solution volume was 520 mL for 
each minute. From the first to the 40o 
days after transplant (DAT) the pumps 
remained on for 2 minutes for each 
irrigation schedule; from 41o to 80o 
DAT for 3 minutes and from 81o to 112o 

DAT for 4 minutes. Nutrient solution 
drained from the pots returned to tanks 
by gravity through manifolds fixed 
below the benches, and then, the pumps 
recirculated this solution to the pots.

Solution pH was adjusted daily, 
keeping from 5.5 to 6.5 using HCl or 
NaOH. Nutrients were resupplied, based 
on electrical conductivity reduction, 
admitting up to 30% depletion. Among 
these adds, solution volume of each tank 
was completed with water whenever it 
was necessary, admitting a maximum 
reduction of 40% of the initial volume.

The experiment was conducted 
in a split-split plot scheme with four 
replicates, in a randomized block design, 
considering as plots the boron doses into 
nutrient solution, sufficient (25 μmol L-1) 
or insufficient (6.25 μmol L-1). In the 
subplots, boron foliar fertilizers were 
tested: boric acid, sodium octaborate 
and water as control treatment. In the 
sub-subplots there were allocated the 
frequencies of foliar fertilization, seven 
or 14 days.

The source of boric acid was the 
product under the tradename Boron 10 
(Oxiquímica®), showing the following 
physicochemical characteristics: B 
content: 17.5%; density at 20°C: 1.3 
g cm-3; pH: 5.3; solubility in water: 
100%; physical nature: homogeneous 
suspension. The source of sodium 
octaborate was the product under the 
trade name of Boron Plus (Ecofol®): 
B content: 20.0%; density at 20°: 1.1 g 
cm-3; pH: 7.0; solubility in water: 100%; 
physical nature: powder.

Foliar applications began from 
the beginning of flowering (22 DAT) 
and finished in the last week of the 
experimental period (112 DAT) 
totalizing 12 and six applications for 
the intervals of seven and 14 days, 
respectively. We have used 48 units, 
considering that each plant represented 
an experimental unit.

The quantities of foliar fertilizers 
applied to the plants were calculated 
according to the doses and volumes 
of solution recommended by the 
manufacturers for their respective 
products. In this way, each plant received 
a dose of 0.34 g L-1 and 0.36 g L-1 B 
for boric acid and sodium octaborate, 
respectively, and a fixed volume of 50 
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mL of spraying mixture per plant in 
each application. Fertilizer applications 
were performed with the aid of a manual 
sprayer with a full cone nozzle. Plastic 
curtains were stretched between plants 
during spraying, in order to avoid drift 
of the sprayed solution to the neighbor 
plants.

Phytosanitary management of plants 
was performed according to practices 
recommended for tomato cultivation 
in a protected environment (Vida et 
al., 2004). During the experiment, the 
plants were sprayed with Thiamethoxam 
at 4 g for 20 L, Acetamiprid at 5 g for 
20 L, Abamectina at 15 mL for 20 L 
and Teflubenzuron at 5 mL for 20 L to 
control insect pests and Tebuconazol at 
20 mL for 20 L to control diseases. The 
number and frequency of applications 
followed the prescription of each used 
product.

Harvest was done weekly from 
60 DAT, collecting only ripe fruits 
following standards described by 
Heath (2012) for the cultivar Sweet 
Grape. Afterwards, fruits were counted, 
weighed and classified into commercial 
and non-commercial according to 
standards for commercialization 
determined by Sakata Sudamerica®: 
Commercial fruits, weighing from 5 
to 18 g, without cracking, apical rot 
and pests or diseases. The fruits which 
did not show these characteristics were 
classified as non-commercial.

To evaluate fruit quality, twenty 
ripe commercial fruits of the third and 
fourth floral cluster of each plant were 
sampled to determine firmness, pH, 
soluble solids content (SS) and titratable 
acidity (AT). Firmness was evaluated 
using five fruits, and determined with 
the aid of a bench-top penetrometer with 
a 4-mm diameter cone tip. A sample of 
10-mL of juice was extracted from fruits 
to determine SS content (ºBrix) with 
a digital refractometer, and pH with a 
potentiometer. To determine AT, juice 
was diluted with distilled water in 1:20 
ratio and titrated with NaOH solution 
0.005 mol L-1 up to pH 8.2.

To evaluate nutritional status of 
the plants, there was picked the fourth 
leaf downward the apex (index leaf) 
of each stem of each plant, when the 

first ripe fruits appeared, at 50 DAT. 
The harvested leaves were washed in 
distilled water, and dried in a drying 
oven with forced air circulation at 
65ºC until they reached constant mass. 
At 80 DAT, 6 fruits of the third and 
fourth flower cluster were sampled. The 
sampled fruits were washed in distilled 
water, cut, and put in aluminum trays 
and, then taken to a drying oven at 65°C 
in order to dry until they reach constant 
mass. The samples of fruits and leaves 
were ground using a Willey type mill. 
Then, dry digestion was done in muffle 
furnace at 550°C. The B contents were 
determined colorimetrically in these 
extracts by the method of Azomethine 
H (Wolf, 1974).

The obtained data were submitted 
to analysis of variance using software 
R. Averages were compared using 
Tukey test at 5% probability when F 
test showed interactions between the 
treatments (Table 1).

RESULTS AND DISCUSSION

Foliar fertil ization increased 
productive indexes, and altered quality 
of Sweet Grape tomatoes, when B dose 
into nutrient solution was insufficient 
(6.25 µmol L -1). No increase in 
production and quality of fruits was 
observed when foliar fertilizers were 
applied to plants cultivated under 
adequate B dose in nutrient solution 
(25 µmol L-1). Results can be found in 
Table 1.

Foliar application, using two B 
sources under insufficient concentration 
of B in nutrient solution (6.25 µmol L-1), 
increased production indexes (TP and 
CP) that reached the same mean values 
observed in plants which received 
the adequate B dose (25 µmol L-1) 
(Table 1). Similarly, Prado et al. (2013) 
observed that tomato plants, cultivar 
Raisa, subjected to omission of B in the 

RO Melo et al.

Table 1. Total fruit production (TP), commercial fruit production (CP), B concentration 
in leaves (BCL), B concentration in fruits (BCFR), soluble solids (SS) and ratio between 
soluble solids/titratable acidity (SS/TA) of tomato cv Sweet Grape grown in hydroponic 
system and subjected to doses of boron in the nutrient solution and foliar sprays with different 
fertilizers. Viçosa, UFV, 2016.

Fertilizer source TP1 (g/plant) CP2 (g/plant)
Boron doses in nutrient solution (µmol L-1)

25 6.25 25 6.25
Boric acid 3245 Aa 3199 Aa 2927 Aa 2817 Aa
Sodium octaborate 3239 Aa 3174 Aa 2934 Aa 2797 Aa
Water (control) 3185 Aa 2663 Bb 2806 Aa 2477 Bb

BCL3 BCFR4

(mg/kg)
Boric acid   160.2 Aa 132.9 Ab 27.0 Aa 19.5 Ab
Sodium octaborate 150.6 Aa 126.8 Ab 27.4 Aa 18.5 Ab
Water (control) 87.7 Ba 38.6 Bb 17.8 Ba 12.7 Bb

SS5 (°Brix) SS/TA6

Boric acid   7.5 Aa 7.8 Aa 14.8 Aa 14.9 Aa
Sodium octaborate  7.9 Aa 7.6 Aa 15.1 Aa 14.5 Aa
Water (control) 7.7 Aa 8.7 Bb 14.8 Aa 16.1 Bb

1Total production obtained by the sum of the weight of commercial and non-commercial 
fruits of plants cultivated until 112 DAT; 2Commercial production, obtained by the weight 
of commercial fruits of plants cultivated until 112 DAT;3Boron concentration in leaves 
collected at 50 DAT; 4Boron concentration in fruits collected at 80 DAT; 5Soluble solids of 
fruits collected at 80 DAT; 6 Soluble and titratable acidity ratio of fruits collected at 80 DAT. 
Averages followed by same letters, uppercase for effects of B source in foliar fertilization, 
and lowercase for boron doses in nutrient solution, do not differ among them by Tukey test, 
at 5% probability.
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nutrient solution presented a production 
equivalent to that of plants receiving an 
adequate dose of B in the solution when 
sprayed with boric acid (0.17 g L-1).

Reductions in total (TP) and 
commercial (CP) productions of plants 
which received B-deficient nutrient 
solution and did not receive the nutrient 
by foliar fertilization (Table 1) might 
have occurred due to a greater floral 
abortion and/or fewer flowers produced, 
since the average weight of fruits was 
not affected by treatments. Such plants 
showed B concentration in leaves (BCL) 
lower than the critical level (Table 1), 
which is 50 to 70 mg kg-1 according to 
Malavolta et al. (1997), which explains 
the decrease in the production.

Such results highlight that B foliar 
fertilizations are not necessary on 
tomatoes cultivar Sweet Grape, fed with 
B-sufficient nutrient solution (25 µmol 
L-1), since no increase in production and 
quality of fruits in this condition was 
observed.  However, we observed an 
increase in B concentrations in leaves 
and fruits of plants which were sprayed 
in relation to plants which were not 
sprayed. The concentrations observed, 
nevertheless, are above the critical 
level for the crop (50 to 70 mg kg-1) 
according to Malavolta et al. (1997), 
but below the toxicity zone (209 mg 
kg-1), according to Gunes et al. (1999) 
(Table 1). Nevertheless, it is important 
highlight that the high concentration 
of boron in the leaves of plants that 

were sprayed could be promoted by 
the B retained in the leaf surface or in 
the cuticles better than by excessive 
concentration of B in the leaf cells.

The results of this study showed that 
different B sources applied via foliar 
(boric acid and sodium octaborate) did 
not show any differences between its 
efficiencies in increasing production 
and quality of fruits (Table 1). Unlike 
in cotton cultivated in a greenhouse, 
for which the sources boric acid and 
sodium borate resulted in differences in 
B foliar concentration, whereas for soy 
the foliar concentration of B did not alter 
in response to the foliar sprays (Guertal 
et al., 1996).

The most commonly used source of 
boron in soil or foliar fertilizers is boric 
acid (H3BO3) (Lemiska et al., 2014), 
and a plenty of studies on efficiency 
of H3BO3 application to tomato plants 
can be found (Roosta & Hamidpour, 
2011; Prado et al., 2013; Gondim et al., 
2014). However, no study on sodium 
octaborate efficiency in foliar sprays on 
tomato plants was found. Nevertheless, 
some studies report positive effect of this 
salt for other crops such as sunflower 
(Martin et al., 2014) mustard, wheat and 
potato (Sarkar et al., 2007).

Intervals between boron foliar 
applications (seven and 14 days) did 
not influence the production, quality of 
fruits and B concentration in leaves and 
fruits (Table 2). These results showed 
that foliar fertilizer application every 14 

days, increased production and kept fruit 
quality when a B deficiency in nutrient 
solution was verified, and no need to 
apply the products weekly was noticed; 
considering that a weekly application 
would be considered an excess. Gondim 
et al. (2014) carried out an experiment 
with tomato belonging to salad group, 
without boron in the nutrient solution 
and observed that three applications 
of H3BO3 at 0.34 g L-1 during the 
cycle would be enough to meet plant 
requirements on B.

The lowest number of fruits produced 
in plants which received B-deficient 
nutrient solution (6.25 µmol L-1), and 
did not receive foliar fertilization (Table 
1), resulted in concentration effect over 
the sugar contents in fruits produced 
in such conditions. In fact, an increase 
in soluble solids content (SS) can be 
verified, which consequently resulted 
in a higher ratio between titratable 
acidity and soluble solids of fruits (SS/
AT) (Table 1). As this variable is related 
to fruit flavor, an appropriate nutrition 
management using boron may reach a 
good relationship between productivity 
and quality. Lemiska et al (2014) 
also observed reduction in strawberry 
production followed by increase in sugar 
concentration in the fruits when leaves 
and soil received no boron application.

Foliar fertilizer application was not 
enough to increase fruit firmness, even 
showing a significant increase in B 
concentrations in fruits (BCFR) when 
plants were sprayed with both B sources 
(Table 1). Although the participation 
of B in the formation and extension of 
cell walls is well known, according to 
Liebisch et al. (2009), Ca (which was 
always available in this experiment) 
plays a major role when compared to B 
in the formation of pectins which make 
up the cell walls of fruits.

The results obtained in this study 
corroborate results of Sá et al. (2014), 
study which concluded that foliar sprays 
of H3BO3 at 0.3% in reproductive 
phase, associated with application 
of B increasing doses via soil, does 
not increase firmness of the pulp of 
apple cultivars Imperial Gala and Fuji 
Suprema. By the other hand, our results 
are different from the ones obtained by 
Lemiska et al. (2014), which observed 

Table 2. Total fruit production (TP), commercial fruit production (CP), B concentration 
in leaves (BCL), B concentration in fruits (BCFR), soluble solids (SS) and ratio between 
soluble solids/titratable acidity (SS/TA) of tomato cv Sweet Grape grown in hydroponic 
system subjected to different doses of boron in the nutrient solution and foliar sprays with 
different fertilizers applied at intervals of seven and 14 days from flowering until ripening. 
Viçosa, UFV, 2016.

Spray intervals
TP1 CP2 BCL3 BCFR4 SS5 

(°Brix) SS/AT6

(g/plant) (mg/kg)
 7 days 3112.7 a 2744.2 a 125.0 a 23.8 a 7.7 15.4
14 days 3168.2 a 2847.6 a 106.4 a 19.9 a 7.5 15.0
CV (%) 13.80 6.90 13.8 11.6 8.3 5.4

1Total production, obtained by the sum of the weight of commercial and non-commercial 
fruits of plants cultivated until 112 DAT; 2Commercial production, obtained by the weight 
of commercial fruits of plants cultivated until 112 DAT; 3Boron content in leaves collected 
at 50 DAT; 4Boron level in tomato of salad group fruits collected at 80 DAT; 5Soluble solids 
of fruits collected at 80 DAT; 6Solids soluble and titratable acidity ratio of fruits collected 
at 80 DAT. Averages followed by same letters in each column do not differ by the F test, at 
5% probability.
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greater firmness of strawberry fruits 
when foliar applications of H3BO3 were 
done.

We concluded that in tomato 
cv. Sweet Grape cultivated under 
hydroponic system, the reduction of 
B dose into nutrient solution results in 
a reduction of fruit production and an 
increase in soluble solids content. In 
such conditions, B foliar applications 
every 14 days, applied from beginning 
of flowering until ripening, reverse the 
effect of low concentration of B in the 
nutrient solution. In this condition the 
foliar fertilizers, boric acid and sodium 
octaborate, are equivalent in maintaining 
Sweet Grape tomato production.
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