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Abstract: On minitomatoes, the soluble solids content (SSC) is a fundamental characteristic for 
commercialization. During the productive cycle of the crop several harvests are realized, resulting in 
variations in the SSC from different genotypes. The objective of the experiment was to evaluate the genetic 
variability and to monitor SSC in the clusters of different minitomato hybrids from dwarf lines. The SSC of 
the fruits were evaluated according with their position of the clusters, being the values expressed in 0Brix. 
The genetic diversity was obtained by multivariate analyzes, using the generalized distance of Mahalanobis, 
utilizing different grouping methods (UPGMA and Tocher). The hybrids performance for SSC was checked 
by the Scott-Knott test (p=0.005). The cluster’s position influenced on the SSC of the minitomatoes fruits 
and the first cluster of all hybrids that were evaluated, presented the highest SSC. Besides that, the highest 
0Brix variability among the genotypes occurred when the fruits were harvested on the fifth and first cluster. 
Most hybrids originated from dwarf lines did not presented a reduce on 0Brix values during the harvests. 
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Resumo: Em minitomates, o teor de sólidos solúveis (TSS) é característica fundamental para possibilitar a 
comercialização. Durante o ciclo produtivo da cultura várias colheitas são realizadas podendo resultar em 
variações no TSS em diferentes genótipos. Objetivou-se com este trabalho avaliar a variabilidade genética e 
monitorar o TSS nas pencas de diferentes híbridos de minitomate provenientes de linhagens anãs. Foi 
avaliado o TSS dos frutos de acordo com a posição da penca, sendo os valores expressos em °Brix. A 
divergência genética foi obtida por meio de análises multivariadas utilizando-se a distância generalizada de 
Mahalanobis, empregando-se diferentes métodos de agrupamento (UPGMA e Tocher). O desempenho dos 
híbridos quanto ao TSS foi comparado pelo teste Scott-Knott (p= 0,05). A posição da penca influenciou o 
TSS dos frutos de minitomate. O TSS na primeira penca foi maior em todos os híbridos provenientes de 
linhagens anãs avaliados. A maior variabilidade de °Brix entre os genótipos ocorreu quando os frutos foram 
colhidos na terceira penca, sendo que a menor variabilidade ocorreu quando os frutos foram colhidos na 
quinta e primeira penca. A maioria dos híbridos provenientes de linhagens anãs não apresentou redução nos 
valores de °Brix durante as colheitas.  
 
Palavras-chave: banco de germoplasma, brix, nanismo, Solanum lycopersicum 

 
Introduction 

 
The tomato (Solanum lycopersicum L.) is one 

of the most economically important vegetables in 
the world, being classified in different groups: 
Santa Cruz, Caqui, Salada, Saladette (Italian) and 
Minitomato (Alvarenga, 2013). Among these, the 
minitomatoes group reached R$ 2,883,800.00 in 
the seed market in 2012, being cultivated in more 
than 327,70 hectares (ABCSEM, 2014).This 

segment is characterized by lower fruit size and 
sweeter taste than other types of tomato. With its 
increasing demand, more tomato breeding 
programs have been designed in order to develop 
new minitomato hybrids (Maciel et al., 2016), 
mainly with more soluble solids content (SSC). 

The SSC is expressed in ºBrix, which in turn 
represents the sugars and acids that are present in 
the fruit and directly influences the flavor of it, 
when in natura consumption (Ferreira et al., 
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2006). The higher the SSC, sweeter is the taste of 
the fruit, which are preferred by consumers 
(Schwarzet et al., 2013, Maciel et al., 2015a). 
Several factors can influence the SSC in tomato 
fruits, as the growth habit, which reflects directly 
on the phenological stage of the crop (Piotto and 
Peres, 2012; Maciel et al., 2016). 

In addition to the growth habit, the dwarf size 
also changes the architecture of the plants. The 
dwarfism, which coding small plants, assume 
great importance in the development of modern 
tomato hybrids (Maciel et al., 2015b). One of the 
main advantages of the incorporation of dwarf 
genes, in tomato, is the presence of reduced 
internodes, which makes plants with a more 
compact structure (Gardner and Panthee, 2012; 
Panthee and Gardner, 2013a,b) and a greater 
number of clusters per linear meter of stems, with 
increase of productivity for minitomato hybrids 
from dwarf lines (Finzi et al., 2017). 

One of the major obstacles faced by producers 
of minitomatoes is the changes in SSC content of 
the fruit during the harvest, which are presented 
by commercial cultivars (Maciel, et al., 2015a). 
For this reason, it is essential to evaluate the 
genetic divergence of genotypes based on the 
SSC, as well as the variation of SSC as a function 
of the position of the clusters. However, 
information of these effects on hybrids, from 
highly contrasting lines (normal lines versus 
dwarf lines), are scarce. 

The objective of the experiment was to 
evaluate the genetic variability and to monitor 
SSC in the clusters of different minitomato 
hybrids from dwarf lines. 
 
Materialand Methods 
 

The experiment was conducted at the 
Vegetables Experimental Station of the Federal 
University of Uberlândia - Monte Carmelo 
campus, from May to November, 2015 
(18º42’43,19” S and 47º29'55,8” W, 873 m 
altitude). The plants were grown on a greenhouse 
of arc type, measuring7 x 21 m and headroom of 4 
meters, covered with transparent polyethylene 
film of 150 micra, additivated against ultraviolet 
rays, and anti-aphid white side curtains. 

The treatments were consisted of 13 
minitomato hybrids (UFU-1502, UFU-1505, 
UFU-1506, UFU-1507, UFU-1510, UFU-1511, 
UFU-1512, UFU-1514, UFU-1516, UFU-1518, 

UFU-1519, UFU-1520 and Mascot). All 
materials, except the commercial hybrid Mascot, 
were obtained from crossing normal lines with 
dwarf lines and all belong to the tomato 
germplasm bank of the Federal University of 
Uberlândia. The dwarf lines are characterized by 
presenting red fruits of grape type, indeterminate 
growth habit, measuring approximately 30 cm 
(Maciel et al., 2015b). The commercial hybrid 
Mascot was used as check treatment, presenting 
red fruits of grape type, and indeterminate growth 
habit. 

The seeding was carried out in polystyrene 
trays (128 cells) on May 27, 2015, and the 
transplanting occurred 31 days after sowing for 
plastic containers with a capacity of five liters. 
Both trays and vessels were used commercial 
substrate based on coconut fiber. Each 
experimental plot was composed of six plants (0.8 
m²), the two central plants being considered for 
analysis (0.32 m²), distributed in double rows at a 
spacing of 0.4 x 0.4 m. Among the double rows 
(carriers) was used the spacing of 0.8 m, totaling 
312 plants in the greenhouse, equivalent to 2.12 
plants m-2 [312 plants / (147 m² of greenhouse 
area)]. 

During all the conduction of the experiment, 
the cultural treatments were carried out as 
recommended for the cultivation of tomato 
cultivated in a protected environment (Alvarenga, 
2013). The plants were conducted vertically with 
two stems with narrow ribbon. The pest control 
was performed by monitoring using ecological 
adhesive traps evenly distributed throughout the 
greenhouse in a representative manner (one trap 
per 50 m²). The pesticides were applied only when 
necessary, according to the number of insects 
fixed on the adhesive tapes. 

A SPAGHETTI PEBD microtube drip 
fertigation system was used, with an arrow dripper 
per plant with a flow rate of 4.0 L h-1. The 
irrigation was performed daily, fractionated in 
three or four applications according to the need of 
plants. After the transplant, between the first and 
eighth week (plant formation period), commercial 
macronutrients were used in the proportion of 
1.0:1.2:1.0 NPK. From the ninth week, the 
fertigation protocol was changed to nutrient 
solution using NPK 1.0:0.7:2.0. 

The fruits were harvested twice a week, 
between August 29th and October 21st, 2015, 
totaling 16 harvests. The SSC quantification was 
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performed on the mature fruits harvested from the 
first to the fifth clusters of fruits (inflorescence), 
on the two stems of the plant. Fifteen mature fruits 
(totally red) were harvested in each shoot. The 
TSS mean was then evaluated for each evaluated 
portion of tomato clusters. After harvesting, the 
fruits were ground in a blender and analyzed for 
SSC using a Portable Digital Refractometer 
(Atago PAL-1 3810), being the values expressed 
as °Brix. 

The experimental design was a completely 
randomized design (CRD) using a subdivided plot 
scheme (13x5), where the factor of the plot were 
the evaluated hybrids (13 hybrids), and the factor 
of the subplot the position of the tomato clusters 
(1º, 2º, 3º, 4º e 5º clusters of fruits, on the two 
stems) in which the fruits were harvested, and 
four repetitions. The SSC data (° Brix) were 
submitted to analysis of variance (ANOVA), and 
the sums of the average squares were compared 
by the F test (p=0.05). The averages were 
compared by the Scott-Knott test (p=0.05). 

After that, the data were submitted to 
multivariate analysis with the objective of 
determining the genetic dissimilarity between the 
genotypes. The dissimilarity matrix was obtained 
by the genetic distance of Mahalanobis (D2

ii), and 
from this matrix the genetic divergence was 
represented by a dendrogram obtained by the 
hierarchical method Unweighted Pair-Group 
Method Using Arithmetic Averages (UPGMA), 
validated by the cophenetic correlation coefficient 
(CCC), calculated by the Mantel test (1967), and 
by the Tocher optimization method. The relative 
contribution of the quantitative traits was 
calculated according to Singh (1981). These 
analyzes were performed using the software 
Genes (Cruz, 2013). In order to compare the SSC 
for the position of the fruit clusters, contrasts of 
interest were performed, using the Scheffé test 
(p=0.05 e 0.01), performed by the statistical 
program SISVAR (Ferreira, 2011). 

 
Results and Discussion 
 

There was a significant effect of the interaction 
between the hybrids and the clusters position (p = 
0.05). It can be stated that the SSC of the 
minitomato fruit was influenced by the genetic 
material (hybrid) and the position of the cluster in 
which the fruits were harvested (1st, 2nd, 3rd, 4th 
and 5th clusters). There are reports that in tomato, 

genetic factors can influence SSC in tomatoes 
(Garcia and Barrett, 2006), industry (Schwars et 
al., 2013) and also in minitomatoes hybrids 
(Maciel et al., 2015a). These variations in SSC 
between different genotypes may be attributed to 
the genetic differences in the capacity of 
importing photo assimilates by fruits. The position 
of the clusters in which the fruits are harvested 
can also influence the SSC (Table 1). 

All evaluated hybrids showed fruits with SSC 
above the commercially desired in all clusters (≥ 
6°Brix). However, the highest values were found 
in fruits of the first cluster (between 6.75 and 8.32 
°Brix) as demonstrated in the contrast 1. On the 
other hand, Casa and Evangelista (2009), when 
studying the influence of harvesting period on the 
quality of tomato fruits of the salad type, observed 
lower values of soluble solids in the first harvest, 
which coincides with the first cluster. 

The commercial hybrid (Mascot) obtained a 
high value in the SSC of the fruits when they were 
harvested in the first and second clusters (8.32 and 
7.60 ºBrix, respectively). However, in the fruits 
harvested from the third, fourth and fifth clusters 
(7.01, 6.63 and 6.32 ºBrix, respectively), there 
was a reduction of 16, 20 and 24%, respectively, 
in the SSC. Similar to what occurred for these 
hybrids, Maciel et al. (2015a) also observed 
reduction in SSC when the minitomato fruits were 
harvested at 90, 120 and 150 days after sowing. It 
is worth mentioning that the quality of the fruits in 
tomato cultivars is influenced by several factors, 
having as main conditions the climatic conditions, 
fertility (Ferreira et al., 2006), stage of maturation 
at the harvest time (Paula et al., 2015), genetic 
constitution (Garcia and Barrett, 2006) and 
growth habit (Vicente et al., 2015; Maciel et al., 
2016). 

On the other hand, in the hybrids from dwarf 
lines, fruits harvested from the first to fifth 
clusters did not present a significant reduction in 
SSC, except the hybrids UFU-1506, UFU-1520 e 
UFU-1514. In these materials, the soluble solids 
reduction was on average 11% in the fruits 
harvested from the fifth cluster. In the UFU-1520 
and UFU-1506 hybrids, a mean reduction of 9% 
in the SSC of fruits harvested from the fourth 
cluster was also observed. Although these 
reductions were significant, the decrease in the 
SSC of the commercial hybrid (Mascot) was twice 
as large considering the same clusters (fourth 
cluster: 20%>9%; fifth cluster: 24>11%). 
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Table 1. The content of soluble solids (°Brix) in fruit of mini tomato hybrids according to plant clusters 
location 

Hybrids¹ 
Position of the clusters 

T14= 1º T15= 2º T16= 3º T17= 4º T18= 5º 

T1 UFU-1502 7.42 Ba 7.38 aA 7.01 bA 6.98 bA 6.92 bA 

T2 UFU-1505 7.39 bA 7.47 aA 7.13 bA 7.15 bA 7.09 bA 

T3 UFU-1506 7.49 bA 7.33 aA 7.14 bA 6.68 bB 6.55 cB 

T4 UFU-1507 7.52 bA 6.99 bA 7.19 bA 7.27 bA 6.89 bA 

T5 UFU-1510 8.25 aA 7.91 aA 7.69 aA 8.08 aA 8.02 aA 

T6 UFU-1511 7.36 bA 7.30 aA 7.13 bA 6.85 bA 7.01 bA 

T7 UFU-1512 7.37 bA 7.09 bA 7.06 bA 6.87 bA 7.26 bA 

T8 UFU-1514 7.87 aA 7.60 aA 7.62 aA 7.72 aA 7.09 bB 

T9 UFU-1516 6.75 cA 6.97 bA 6.86 bA 6.46 bA 6.69 cA 

T10 UFU-1518 7.45 bA 7.04 bA 7.21 bA 7.08 bA 6.91 bA 

T11 UFU-1519 6.90 cA 6.78 bA 6.73 bA 6.51 bA 6.33 cA 

T12 UFU-1520 7.48 bA 7.60 aA 7.65 aA 7.04 bB 6.84 bB 

T13 Mascot 8.32 aA 7.60 aB 7.01 bC 6.63 bD 6.32 cD 

KS2: 0,055 F(levene): 1,488 CV(%) plot: 7,77 CV(%) subplot: 5,19 

Contrasts of interest 
Estimates of contrasts of interest 

Clusters Position  

C1=[(T14)-(T15+T16+T17+T18)/4] 0.39** 
C2=[(T15)-(T14+T16+T17+T18)/4] 0.15ns 
C3=[(T16)-(T14+T15+T17+T18)/4] -0.01ns 
C4=[(T17)-(T14+T15+T16+T18)/4] -0.21* 
C5=[(T18)-(T14+T15+T16+T17)/4] -0.33** 
¹Means followed by distinct letters, lowercase in the column and upper case in the row, differ by Scott-Knott test at 0.05 probability 
level¹ (p=0,05).2KS, F: statistics of the Kolmogorov and Levene tests; bold values indicate residues with normal distribution and 
homogeneous variances (p=0,01), respectively; *, ** = significant for p = 0.05 and 0.01, respectively, by the Scheffé test; ns = not 
significant. 
 

This demonstrates the effect of the use of the 
dwarf lines in obtaining the minitomato hybrids of 
this study. The majority of the hybrids from dwarf 
lines did not show significant reduction in °Brix 
values during the course of the harvests. As the 
soluble solids content is one of the most important 
characteristics in minitomatoes, obtaining 
uniformity in this variable throughout the harvest 
should be one of the objectives of breeding 
programs. For producers, ºBrix stability on fruits 
harvested at different times represents a great 
advantage, mainly for maintaining the high 
quality of minitomato fruits. 

Some authors have already evaluated hybrids 
of minitomatoes from dwarf lines (Gardner and 
Panthee, 2012; Panthee and Gardner, 2013a,b), 

but the effect of the position of the cluster about 
SSC on the fruits of these hybrids was scarce. 

Among all evaluated hybrids, UFU-1510 stood 
out. This hybrid obtained high SSC in the fourth 
and fifth clusters (with 8.08 and 8.02 ºBrix, 
respectively), while the other hybrids obtained 
lower values (between 6.63 and 7.72 ºBrix in the 
fourth cluster, and between 6.32 and 7.26 °Brix in 
the fifth cluster) (Table 1). In general, the results 
found in the study indicate a greater effect of the 
genetic factor as a source of variation in the SSC 
of the hybrids. 

In addition to comparing individual 
performance, the separation of genotypes into 
distinct groups by the use of measures of 
dissimilarity may help breeders to select the best 
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parents (Araujo et al., 2016). The measures of 
genetic dissimilarity estimated by the generalized 
distance of Mahalanobis ( Dii´

2 ) among the 32 
tomato genotypes indicated a great variability in 
relation to the brix and the fruit harvest points in 
the plants (Figure 1). 

The group formation represented by 
dendrogram using the UPGMA method (Figure 1) 
showed a cophenetic correlation coefficient of 
83%, being significant to the t test (p <0.01). 
Thus, it can be affirmed that the dendrogram 
reproduced in a satisfactory way the information 

contained in the matrix and consequently in the 
formation of the groups. The groups were 
separated by the delimitation of a cut line of 20%, 
established at the place of occurrence of the 
abrupt change in the branches present in the 
dendrogram (Cruz et al., 2012). With this cut the 
genotypes constituted six distinct groups 
indicative of influence on the concentration of 
°Brix in the fruits related to the harvest point. The 
hybrid Mascot was in the same group of hybrids 
UFU-1511, UFU-1506 and UFU-1518. 
 

 
 

 
 
Figure 1.Dendrogram of the genetic divergence among 13 hybrids of minitomato as a function of soluble 
solids contents (ºBrix) in the fruits obtained from the harvest realized in different clusters 

There was no consistency of results when 
comparing the Tocher method with the UPGMA 
method. By the Tocher method, there were 4 
distinct groups (Table 2). 

As the commercial control (Mascot hybrid), 
genotype UFU-1510 behaved differently from the 
other groups indicating a distinct behavior in 
relation to the effects provided by performing the 
harvest at different plant locations. Despite the 
lack of consistency between the methodologies, it 

was evident that there was a distinct among the 
evaluated genotypes in relation to the °Brix 
content in the fruits. The univariate analyzes using 
the Scott-Knott test did not allow the explicit 
visualization of divergent groups, and it was 
advantageous to associate univariate and 
multivariate techniques to determine the 
variability among tomato genotypes, as observed 
by Araújo et al. (2016). 

 
 
 
 
Table 2.Representation of the grouping generated by the Tocher Optimization method based on the 
Mahalanobis distance, estimated from five variables, analyzed in 13 minitomato hybrids as a function of 
soluble solids content (ºBrix) in fruits obtained from the harvest performed in different clusters 
Groups Hybrids 

I 
UFU-1507, UFU-1518, UFU-1511, UFU-1512, UFU-1502, UFU-1505, UFU-1503, 
UFU-1520 e UFU-1514 

II UFU-1516, UFU-1519 
III Mascot (commercial checkplot) 
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IV UFU-1510 

The soluble solids content is a fundamental 
characteristic in minitomato because it can limit 
the commercialization. Higher soluble solids 
content in minitomato fruits results in a greater 
expression of the sweet taste in the fruits, which 
are preferred by consumers (Schwarz et al., 2013; 
Maciel et al., 2015a). In fact, there is a possibility 
of introgression of genes via genetic improvement 
aiming to increase the content of solids soluble in 

tomato fruits (Garcia and Barret, 2006; Schwars et 
al., 2013; Maciel et al., 2015a). However, 
strategies aimed at enhancing genetic effects are 
fundamental to better exploit the genetic potential 
of each cultivar. It can be verified that fruits 
harvested in the third cluster contributed mainly 
(23%) to the variation between the genotypes 
(Table 3). 

 
 
Table 3. Relative contribution of five variables characters for genetic divergence of 13 minitomato hybrids 
in function of the soluble solids contents (ºBrix) in the fruits obtained from the harvest in different plots, 
according to Singh criteria (1981) 
Variables S.j S.j (%) 
First cluster 12.43 19.46 
Second cluster 12.86 20.12 
Third cluster 14.93 23.36 
Fourth cluster 13.13 20.55 
Fifth cluster 10.53 16.48 
 

This predominance reinforces that the 
beginning of the harvest of the third cluster can be 
considered the moment of greater differentiation 
among the evaluated genotypes. On the other 
hand, fruits harvested in the first and fifth cluster 
showed the lowest relative contributions of 
characters (19.46 and 16.48%) being an indicative 
of lower dissimilarity among the genotypes. These 
results reinforce greater demands by 
phytotechnians in the search for new alternatives 
to be able to homogenize the Brix among the 
genotypes able to assure the °Brix content 
throughout the harvests. 
 
Conclusions 
 

The solids soluble content of the first cluster 
was higher for all minitomato hybrids from dwarf 
lines evaluated. 

The greater variability of °Brix content among 
the genotypes occurred when harvesting fruits of 
the third cluster and the smaller variability 
occurred when harvesting fruits of the fifth and 
first cluster. 

The majority of the hybrids from dwarf lines 
did not show significant reduction in °Brix values 
during the course of the harvests. 
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