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Abstract
Tomato (Solanum lycopersicum L.), known to belong to the Solanaceae family, is considered one of the most important
vegetable in the world since the fruits are widely consumed either fresh or processed. The ripe fruits are a valuable
source of vitamin C, carotenoids and minerals such as iron and phosphorous that is daily required for a healthy diet.
Fruit growth and ripening are the result of multiple physiological and metabolic processes that occur during the plant
development. Knowledge of the physiological characteristics of tomato plants is necessary to improve the cultivation
technology under greenhouse conditions. This work highlights the evolution of the quality study of tomato’s fruits
varieties as regard the fruit indicators (plant height, number of inflorescences, diameter, fruit length, biometric
indicators (weight, diameter, weigh fruit) and biochemical (dry mater content % Brix, acidity).The following varieties
obtained at NRDIBH Stefanesti were studied: Argeş 11, Argeş 20, Argeş 16, Argeş 123, compared to the control variety
Notorius.
Key words: tomato, fruit quality, weight, dry substance, acidity.

INTRODUCTION
Tomato (Solanum lycopersicum L.), known to
belong to the Solanaceae family, is considered
one of the most important vegetable in the
world since the fruits are widely consumed
either fresh or processed.
In the world, tomato is one of the most
consumed vegetables and one of the most
produced agricultural products. According to
FAO, in 2018, Romania produce 742.899 tons
of tomatoes.
The interest in consuming high quality fresh or
processed tomatoes continues to increase. In
Romania, the annual average of tomatoes
consumption per capita was recorded in 2015
as 38.6 kg/inhabitant (Soare et al., 2017), which
is a relevant indicator for the vegetable market.
Tomato is considered an important antioxidant
source in human nutrition. Compounds with
essential antioxidant properties in tomato fruit
include phenolics, carotenoids and pigments
(Coyago-Cruz et al., 2019). Beside the high
nutritional value, the ripe tomato fruits are a
valuable source of vitamin C, carotenoids and
minerals such as iron and phosphorous that are

daily required for a healthy diet (Mubarok et
al., 2019; Nour et al., 2013).
Fruit growth and ripening are the result of
multiple physiological and metabolic processes
that occur during the plant development (Bertin
& Génard, 2018; Li et al., 2019). Leaves are
considered to be the main providers of carbon
for fruit growth (Hetherington et al., 1998).
MATERIALS AND METHODS
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Four tomato hybrids patented by the National
Research and Development Institute of
Biotechnology in Horticulture Ştefănești
(INCDBH) were investigated: ‘Arges 11’,
‘Arges 20’, ‘Arges 16’, ‘Arges 123’, compared
to the control ‘Notorius’ cultivar. ʻArges 11ʼ
hybrid is a tomato with determined growth, big
fruit (average weight 180 g), and ideal for
consumption in fresh and preserved condition
(Badulescu & Uleanu, 2017). ʻArges 20ʼ hybrid
is characterized by determined growth, very big
fruits (average weight 220 g), suitable for
consumption in fresh or preserved state. ʻArges
16ʼ are tomato hybrids with undetermined
growth, which produce big elongated fruits

(180-200 g) and ʻArges 123ʼ which produce big
fruits (average weight 270 g) (Bădulescu &
Uleanu, 2017). ʻNotoriusʼ variety was chosen
as a Control cultivar. The selected tomato
hybrids were cultivated in protected systems
(greenhouse)
that
provided
controlled
conditions for plant growth.
The following bioindicators regarding the
growth and fruiting processes were determined:
the number of inflorescence per plant, the
number of fruits in inflorescence, the average
length of a fruit, the average diameter of the
fruit, the production (Badulescu & Tita, 2014)
and the biochemical indicators: acidity and
soluble solids content.
The total soluble solids (TSS) was determined
with KRUSS GMbH mobile optronic
refractometer model DR 101-60, in Brix % of
fruit juice. The total acidity was determined by
the titrimetric determination method (TudorRadu et al., 2016).
For the statistical interpretation of the results,
the data were included in an Excel database and
then statistically interpreted with the SPSS 14.0
program, which uses the Duncan test (multiple
t test) for a 5% statistical assurance.

fruits in the inflorescence is bimodal, a sign
that the sample is no longer homogeneous due
to the influence of the different varieties
studied, regarding the number of fruits in the
inflorescence (Figure 3).
In the case of the number of fruits from the
average inflorescence it was 8.4467, with a
standard deviation of 2.03, the values being
between the minimum value 4 and the
maximum value 12.0 (Figure 3).
The diameter of the fruit, expressed in mm, of
an average of 8.4467 mm with a standard
deviation of 2.03505 (Figure 4). If fruit weight,
average was 197.9427 kilograms with a
standard deviation of 37.18824 (Figure 6).

RESULTS AND DISCUSSIONS
The statistical analysis of the fruit took into
account the following biometrics: inflorescence
number, number of fruit blossom, fruit average
height, the diameter of a fruit, production, total
acidity and dry matter.
Average height of plants. In general a normal
distribution is symmetric when the asymmetry
value of the coefficient is equal to zero.
The sample average was 76.4933 the values
being between the minimum value of 59.00 and
the maximum value of 86.00.
The histogram of all the plant height values is
asymmetrical to the left, (the values are higher
than the average), being different from the
normal distribution, a sign that there are
significant influences between the varieties
studied about of plant height (Figure 1).
Analyzing indicators of dispersion or genetic
and experimental diversity, in terms of
inflorescence number, the mean sample was
3.8267, the values being between 2 and 6
(Figure 2). The histogram of the number of

Figure 1. Histogram of the distribution
by absolute frequency classes of plant height,
in the studied varieties (mm)
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Figure 2. Histogram
of the distribution by absolute
number
frequency classes of the number of inflorescences per
plant, in the studied varieties
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The values measurements at the production, at
the 5 varieties of tomatoes studied on a sample
of 150 samples are between the minimum value
of 2.0 and the maximum value of 3.90, with a
maximum oscillation of 1.90 (Figure 5).
For acidity, the sample average was 3.3073,
with a standard deviation with 0.30, values
ranging from a minimum of 2.50 to a
maximum of 4.20 (Figure 7). It is observed
that the histogram deviates from the normal
distribution, having asymmetry to the right
(the values lower than the average
predominate), sign that there are significant
differences between the values of the acidity
of the fruits recorded by the 5 varieties.
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inflorescence, at the studied varieties
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Figure 6. Distribution histogram by frequency classes
absolute of the average fruit mass, in the studied varieties

Figure 5. Histogram of the distribution by classes of
absolute frequency of fruit production, for the studied
varieties

Figure 7. Histogram with the distribution
of fruit acidity values, in the studied varieties

The histogram of the average mass of the fruits
deviates significantly from the normal
distribution, being asymmetrical to the right
(predominating values lower than the average)
sign that there are significant influences
between the studied varieties (Figure 6).

As total soluble solids, the sample average was
3.8487 with values between 2.80 and 5.00 with
a standard deviation of 2.20 (Figure 8).
The histogram of all the values analyzed
regarding the dry substance in the 5 varieties
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studied is asymmetric to the left, the
coefficient of asymmetry being -0.633, which
means that the values above the average
predominate (Figure 8), and the sample is no
longer homogeneous due to the influence of
the variety regarding the dry matter (% Brix),
(Figure 8).

Figure 8. Histogram of the distribution by frequency
classes of the total soluble solids in fruit (% Brix), in the
studied varieties

Table 2 and graph below (Figure 9) shows the
correlations between indicators studied, we
highlight the following:

• Between the average fruit weight and
production there is a positive correlation (r
= 0.250**) significant. The weight of the
fruit implies a high production.
• Is a significant negative correlation between
the fruit weight and number of inflorescence (r=-0.711**), which explains the
fact that, as the number of fruit per plant is
higher, the lower the average weight of a
fruit;
• Number of fruits in inflorescence correlate
significant negative with fruit weight,
production and total soluble solids (r=0.742**; r=-0.247**; r=-0.127**; r=0.220**), negative acidity significant (r = 0.129 **), and then we have a decrease in
the percentage of the tomato juice.
• It is known that, as total soluble solids (%
Brix) has higher values as the total acidity
(%) will have lower values (Gurteg Singh,
2017). Soluble dry matter correlate positive
and distinct significant negative with
acidity, indicating that there is a relation
between these parameters balanced.

Table 1. Indicators sample central tendency (mean, median and mode) and indicators value dispersion around the
average (maximum amplitude, limits, standard deviation and asymmetric coefficient)
Statistics

Plant
height

N Valid
Mean
Median
Mode
Std.
Deviation
Skewness
Std. Error of
Skewness
Kurtosis
Std. Error
of Kurtosis
Range
Minimum
Maximum

150
76.4933
78.0000
79.00
5.69557

Inflores
Number of
Fruit
Fruit
Fruit
Production Total
cence
fruits in
diameter
lenght
weight
(kg)
acidity
number inflorescente
(mm)
(mm)
(g)
(%)
150
150
150
150
150
150
150
3.8267
8.4467 68.1867 70.4060 197.9427
2.8853 3.3073
4.0000
8.0000 68.9000 74.9000 183.0000
2.9000 3.3000
3.00
8.00(a)
67.90
75.90 179.00(a)
2.90
3.40
1.00165
2.03505 3.33812 10.50128 37.18824
.44496 .30036

TSS (%
Brix)
150
3.8487
4.0000
4.10
.49558

-.414
.198

.477
.198

.005
.198

-.272
.198

3.783
.198

.764
.198

.000
.198

.004
.198

-.633
.198

-.577
.394

-.592
.394

-.584
.394

-.813
.394

32.107
.394

-.698
.394

-.813
.394

-.067
.394

-.399
.394

27.00
59.00
86.00

4.00
2.00
6.00

8.00
4.00
12.00

14.50
60.90
75.40

101.70
56.90
158.60

136.00
154.00
290.00

1.90
2.00
3.90

1.70
2.50
4.20

2.20
2.80
5.00

(a) Multiple modes exist. The smallest value is shown.
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Table 2. Matrix of correlation (Pearson "r" correlation coefficients "r") of the main physical
and biochemical indicators (average for the five tomato cultivars studied).
Plant
height
Plant height
Inflorescence
number
Number of
fruits in
inflorescence
Fruit diameter
(mm)
Fruit weight
(g)
Production
(kg)
Total acidity
(%)
TSS (% Brix)

Pearson
Correlation
Pearson
Correlation
Pearson
Correlation
Pearson
Correlation
Pearson
Correlation
Pearson
Correlation
Pearson
Correlation
Pearson
Correlation

Inflorescence
number

Number
of fruits
in inflorescence

Fruit
diameter
(mm)

Fruit
weight
(g)

Production
(kg)

Total
acidity

1

.367(**)

.289(**)

.303(**)

-.382(**)

.081

.021

.367(**)

1

.433(**)

.579(**)

-.614(**)

-.220(**)

.289(**)

.433(**)

1

.603(**)

-.742(**)

-.247(**)

-.129

-.220(**)

.303(**)

.579(**)

.603(**)

1

-.711(**)

-.208(*)

.005

-.216(**)

-.382(**)

-.614(**)

-.742(**)

-.711(**)

1

.431(**)

.250(**)

.384(**)

.081

-.220(**)

-.247(**)

-.208(*)

.431(**)

1

.452(**)

.441(**)

.021

-.212(**)

-.129

.005

.250(**)

.452(**)

1

.530(**)

-.244(**)

-.433(**)

-.220(**)

-.216(**)

.384(**)

.441(**)

.530(**)

1

(%)

TSS
(% Brix)
-.244(**)

-.212(**) -.433(**)

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Figure 9. Matrix of correlations between biometric and biochemical indicators, for studied tomato cultivars
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varieties to 5% statistical assurance. The lowest
values of this indicator were registered variety
‘Arges 123’ (Figure 11).

Table 3. Morphometry of tomato varieties
Plant
Number of
Fruit
Inflorescence
fruit in
diameter
Varieties height
number
(cm)
inflorescence (mm)
Arges 11 75.1b
4.03b
10.00a
70.84a
Arges 20 70.23c
3.03c
7.00c
65.31c
Arges 80.10a
4.03b
9.07b
69.63b
16
Arges 75.83b
3.03c
6.13d
64.65c
123
Control 81.23a
5.00a
10.00a
70.51ab
(Mt)
Duncan. Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 30,000

The plant height shown that all studied varieties
are shorter than Control (‘Notorius’ variety),
which could be an advantage in the field. The
number of inflorescence varied between 3.03%
on ‘Argeș 20’ and ‘Arges 123’ and 5.00% on
‘Notorius’ variety (Table 3, Figure 10).

Figure 11. Fruit diameter of the fruit on the tomato
varieties

The average weight is a characteristic that
expresses the size of the fruit, the index of
commercial importance, especially for fresh
fruits market. Analyzing the average weight of
the fruit from 5 varieties of tomato is found that
all varieties belongs to tomato large fruits
group, like St. Pierre or Mirsini F1 (Mandru et
al., 2019). The variety ‘Arges 123’ has the
heaviest fruit (260.30 g), its average weight
being significantly different from all other
varieties, for statistical assurance 5% (Figure
12). The smallest fruit varieties were recorded
at ‘Arges 16’ and ‘Notorius’ (Control), that
influence strongly the production.

Table 4. Physical and biochemical properties
of studied tomato varieties
Varieties
Arges 11
Arges 20
Arges 16
Arges 123
Mt

Fruit
weight
(g)
179.03c
215.20b
175.10c
260.30a
160.08d

Production
(kg)
2.9c
2.5d
3.13b
3.40a
2.49d

Total
acidity
(%)
3.5a
3.10b
3.42a
3.5a
3.02b

Duncan
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 30,000.

TSS (%
Brix)
4.3a
3.81c
4.0b
4.11b
3.1d

The fruit weight varied between 175.10 g on
‘Argeș 16’ and 260.30 g (‘Arges 123’), being
cultivar
characteristic
that
influence
significantly tomato production (Table 4).

Figure 12. Fruit weight of the fruits on the tomato
varieties

Analysing the production were significant
differences between genotypes studied (Figure
13). The variety ‘Arges 123’ recorded the
highest yield (3.4 kg/plant), with significant
differences compared to the other varieties. The
small amount of tomato fruit varieties were

Figure 10. Inflorescence number of the fruit on the
tomato varieties

The fruit diameter was higher in varieties
‘Arges 11’ and ‘Notorius’ (control), with
significant differences compared to all the other
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recorded to ‘Notorius’ and ‘Arges 20’ (control),
the differences between the two varieties were
statistically insignificant for a statistical
assurance 5%, (Figure 13).

the varieties intended for fresh consumption
should fall between 3.5-4.5% Brix values,
while destined for industrialization must exceed
the value of 5% Brix (J. Agoston, 2017).
Duncan Test (p≤0,05)

5
4

Soluble dry matter
*a

c

b

b

3

d

2
1
0

ARGES 11 ARGES 20 ARGES 16 ARGES 123

MT

Figure 13. Production of the fruits on the tomato
varieties

Figure 15. Soluble dry matter of the fruits on the tomato
varieties

The content of organic acids (total acidity %) in
fruits and vegetables depends on several
factors, including differences in genotypic,
climatic conditions pre-harvest and postharvest handling procedures (Lee & Kader,
2000). It is known that during periods of heavy
rainfall or cooler areas, total acidity values
become larger (Gherghi, 1972).

From the point of view of the content of tomato
fruit dry matter (% Brix) was studied varieties
within the normal limits of variation of this
index ranging from 4.11 to ‘Arges 123’ and 3.1
from variety ‘Notorius’ (control).
The results on the soluble dry matter (% Brix)
showed significant statistically differences
between genotypes, and the mean there of was
classified into four classes of statistical
significance homogeneous. The highest value
of dry matter (Figure 15) was recorded in the
variety ʻArges 11ʼ (4.3%), which differs
significantly from the varieties Arges 20,
ʻArges 16ʼ, ʻArges 123ʼ and ʻNotoriusʼ - Mt
(3.81%, 4.0%, 4.11%, 3.1%).
CONCLUSIONS
The following conclusions were drawn from
the study:
All the studied varieties had large fruits with a
mean weight over 175.10 g and a diameter of
more than 64 mm;
Average fruit weight was significantly
correlated and distinct positive with production
(r = 0.250 **). Fruit weight entails a high
production
Soluble dry matter was correlates significantly
with acidity (r = 0.530**), indicating that there
is a relation between these parameters
balanced.
‘Arges 123’ variety presented the best results
for the production of fruit soluble dry matter
and acidity.

Figure 14. Acidity of the fruits on the tomato varieties

The fruits acidity between 3.02% on ‘Notorius’
and 3.5 % on ‘Arges 11’ variety The highest
values of this indicator showed varieties ‘Arges
11’, ‘Arges Arges 123’ and ‘Arges 16’, and the
smaller varieties ‘Notorius’, ‘Arges 20’
(control), the differences between the two
classes is significant (Figure 14).
The dry matter content depends on the cultivar,
the growing technology, and the environmental
factors during the growing season (Helyes,
2007). János Ágoston, following the studies
done on tomatoes intended for both fresh
consumption and industrialization, states that
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The low solids content (% Brix) and acid
recorded in the control variety (ʻNotoriusʼ).
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