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ABSTRACT

Tomato is worldwide the most grown vegetable. The primary target of breeding programs is to develop new
tomato cultivars that are resistant to pests and diseases, in combination with high quality and yield,
well-adaptation and good firmness. Among the different tomato types, cherry and cocktail tomatoes are
widely preferred by consumers due to their better taste and appearance. In this study, two female tester lines
were crossed with four male lines to obtain new tomato hybrids. The eight F1 hybrids and two commercial
hybrids were planted in a randomised complete block design with two replications in a greenhouse in
Antalya. The tomatoes of the hybrids and lines were harvested at fully ripened stage to evaluate yield, total
soluble solids (TSS), fruit firmness, lycopene content and fruit colour parameters. TSS values of the cultivars
and lines ranged from 4.5 to 9.5 8Bx, fruit firmness from 7.94 to 11.85 kg cm�2, lycopene from 52.10 to 55.88
mg kg�1, yield from 554.3 to 1336.7 g/plant. Hybrid AK0020 was found the best for both yield and quality.
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1. INTRODUCTION

Tomato is the most important vegetable crop grown in the world. It originates from the Andean
region of South America, and the time and place of domestication of tomato are not exactly
known (Bai and Lindhout, 2007). Many studies showed that Solanum lycopersicum var.
cerasiforme (SLC) originated from crosses between S. pimpinellifolium (SP) and S. lycopersicum
L. var. lycopersicum (SLL). As a result of this, large-fruited common tomatoes could be
consumed around the world (Lin et al., 2014; Razifard et al., 2020). Commercial production of
tomatoes began in 1847, and tomato became a major vegetable crop in the mid- 20th century
(Foolad, 2007). Different demands had to be met for national and international markets, and
different types and varieties emerged.

Widely produced types include single, beef, cluster, cherry, cocktail, plum, and processing
tomato types (Kabas and Zengin, 2012). Tomato preserves, dried tomatoes, and tomato-based
foods are among the processed products (Costa and Heuvelink, 2018). Tomato breeders have
focused in their breeding programs to improve yield and tolerance to abiotic and biotic
stresses. As a result of these breeding efforts, genetic diversity and nutritional value is reduced
(Schouten et al., 2019). Many new commercial cultivars have lost their flavour and nutrient
content after half a century of intensive breeding. Breeders selected modern cultivars
according to growth and some other traits, but nutrient content was not included (Klee and
Tieman, 2013). To develop tomato cultivars with high levels of quality criteria such as
taste, aroma, colour, shape, and lycopene content is the most important task in modern
breeding programs. Especially, lycopene is beneficial for human health, and tomatoes
contain high levels of this antioxidant (Caseiro et al., 2020). Cherry tomatoes have higher
levels of antioxidants, carotenoids, ascorbic acid, phenolic compounds and sugar contents
than large-fruited tomatoes. So this type of tomato is preferred among consumers due to
generally higher sugar content and concentrations of many health-promoting bioactives
(Kannaujia et al., 2020). Selection for sugar and acid content can be an efficient way to breed
tastier cherry tomatoes (Casals et al., 2019). Cherry tomatoes have higher sugar and acid
contents than the other tomato types. Therefore, cherry and cocktail tomatoes are tastier than
other tomatoes.

In this study, tomato lines with cherry and cocktail fruit types in the tomato genepool were
assessed for yield and quality attributes, and contributions of both mother and father to the
characteristics of the hybrid were investigated.

2. MATERIALS AND METHODS

Six (two female, four male) cherry and cocktail type tomato parental lines (≥F6) and 8
candidate cultivars were obtained after crossing two female (E18, E13) with four male lines
(E3, E11, E14, E16). Combinations among the lines and the candidate hybrid cultivars are
shown in Table 1. Yeniceri F1 and PTK 112 F1 were used as controls. Quality analyses were
conducted on tomato lines and developed cultivars. Yield, total soluble solids (ºBx), fruit
firmness, lycopene content, and fruit colour (Lp, ap, bp, C, hº) were analysed. All quality pa-
rameters were studied with three replications, and JUMP statistical software was used for
statistical analyses.
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2.1. Hybridisations and seed production

Crosses between the tomato lines of the genepool were conducted at Western Mediterranean
Agricultural Research Institute (368 550 44.2000 north latitude and 308 580 52.9100 east longitude).
A day before blossoming the male organs of mother plants were removed with forceps. Next
day, pollen of father plants was collected into a tube with the aid of a vibrator. These pollens
were spread on the stigma, and labels with hybrid number were attached. Hybridisations were
performed to get 6–10 berries of each plant. Berries were harvested at the end of red-maturity
stage, and seeds were collected. The berries were initially cut into half along the equilateral
section. Seeds were taken with placenta into a separate container. Seeds were then fermented for
two days and the placenta section was removed. Seeds were washed and dried in drying cabins.
Dried seeds were enveloped and preserved in a seed storage at 5 8C and 20% relative humidity.

2.2. Total soluble solids (ºBx)

In order to determine TSS, berries were homogenised with ultra-turrax for 1 min and centri-
fuged at 5,000 r.p.m. at 4 8C (Sigma, 2-16KL). The supernatant was used to determine TSS
content by using a digital refractometer (A. Kr€uss Optronic GmbH, DR6000 series, Germany) at
20 8C.

2.3. Fruit flesh firmness (kg cm�2)

Flesh firmness was measured directly on 3 different points along the equilateral section of
each berry with the aid of a penetrometer (Brookfield, CT3 Texture Analyser) with 4 mm
penetrating tip.

2.4. Lycopene content (mg kg�1)

Tomato pulp (0.5 g) was placed into 50 mL centrifuge tubes and supplemented with 5 ml
acetone (0.05% BHT), 5 mL 95% ethanol and 10 mL hexane. Samples were shaken in an orbital
shaker at 180 r.p.m. for 15 min. After adding 3 mL distilled water, the samples were further
shaken for 5 min and stored until phase separation. Samples were taken from the upper phase,
and absorbance readings were performed at 503 nm wavelength on a UV-Vis spectropho-
tometer (Shimadzu, UV-1800, Japan). Resultant absorbance value was used in the following
equation to calculate lycopene content of the sample (Fish et al., 2002):

Table 1. Different combinations generated

Hybrid number Female number Male number

AK0020 E18 E3
AK0044 E18 E11
AK0029 E18 E14
AK0043 E18 E16
AK0027 E13 E3
AK0028 E13 E11
AK0035 E13 E14
AK0026 E13 E16
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Lycopene content
�
mg kg−1

� ¼ ðA503 3 31:2=WÞ=g
where W 5 sample quantity, A503: absorbance read at 503 nm

2.5. Fruit colour

CIE Lab colour values were measured with a Chroma Meter CR-400 device (Konica Minolta
Sensing Inc., Japan). Colour measurements were performed on the surface of the fruit from three
different points under D65 light source for each fruit and three berries were used for each repli-
cation. Before the measurements, the device was calibrated with a white ceramic calibration plate
(CR-A43) and the measurements were performed over a white platform. Lp indicates whiteness-
blackness with values ranging from 0 (black) to 100 (white); ap indicates greenness-redness with
values ranging from �60 (green) to þ60 (red); bp indicates blueness–yellowness with values
ranging from �60 (blue) to þ60 (yellow) (Ozdemir, 2001). The colour index C value (Chroma) of
the samples was calculated with the formula C5 (a2 þ b2)0.5, and the hue angle h8 5 arctan (b/a).

2.6. Yield experiments

In yield experiments, hybrid combinations obtained through hybridisations, lines, and two
commercial cultivars (Yeniceri F1 and PTK 112 F1) were used. Greenhouse experiments were
conducted in 2 replicates with 20 plants in each replicate.

2.7. Data analysis

For statistical analyses t test method was used at P < 0.05 probability.

3. RESULTS AND DISCUSSION

3.1. Quality analyses

TSS, fruit firmness, lycopene content, Lp, ap, bp, C, and hº values of the cultivars are presented in
Tables 2 and 3.

Table 2. TSS, firmness, lycopene, and Lp, hº values of the cultivars

Hybrid number TSS (ºBx) Firmness (kg cm�2) Lycopene (mg kg�1) Lp hº

AK0020 5.3 b 10.75 bc 42.99 e 41.51 a 50.69 a
AK0029 5.8 a 9.04 f 46.76 c 38.15 bc 46.54 be
AK0043 5.9 a 10.2 d 43.55 e 37.96 bc 45.08 de
AK0044 5.7 a 9.55 e 41.04 f 38.17 bc 47.21 bc
Yeniceri F1 5.65 a 7.94 h 55.88 a 36.88 c 44.79 e
PTK 112 F1 4.5 d 8.40 g 48.89 b 37.92 bc 46.91 bd
AK0026 5.7 a 9.39 e 45.03 d 38.95 ac 46.13 be
AK0027 5.0 c 10.55 c 56.13 a 40.30 ab 48.09 b
AK0028 4.95 c 11.85 a 48.82 b 38.86 ac 45.33 ce
AK0035 4.5 d 10.92 b 55.39 a 38.74 ac 47.01 bd
CV 1.12 0.12 0.45 1.30 0.82
LSD 0.13 0.04 20.26 1.12 0.87

Different letters in a column indicate statistically significant differences at P < 0.05.
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3.2. TSS

Total soluble solids content of tomato varies with environmental conditions and genotypes
(Gautier et al., 2005). TSS values of the lines varied between 4.5 and �9.5 8Bx with the highest
values from lines E18 (9.5), E13 (8.9), and E3 (8.1). Majority of present lines had higher values
than the control cultivars. TSS values of the hybrids varied between 4.5 and �5.9 8Bx with the
highest values from cultivars AK0043 (5.9), AK0029 (5.8), and AK0044 (5.7) and the lowest
values from PTK 112 F1 (4.5), AK0028 (4.9), and AK0027 (5.0). TSS values of the control
cultivars were 4.5 (PTK 112 F1) and 5.65 (Yeniceri F1). Tomato TSS contents were between 5
and �9 8Bx (Davies et al., 1981). In our study, TSS values of the lines varied between 4.9 and
�9.5 8Bx. Among the hybrids, candidate cultivar AK0043, obtained through hybridisation of
line E18 with the highest 8Bx value (9.6) and line E16 (5.5), had the highest TSS value (5.9). TSS
values of 3 other hybrids (AK0029, AK0044, and AK0020) created with the same mother line
were respectively 5.8, 5.7 and 5.3. Causse et al. (2002) investigated genetic variations in quality
attributes of tomatoes and determined several hybrid quality attributes as the average of parents.
Total soluble solid content is highly and positively correlated with fruit weight (Casals et al.,
2019). The content of total soluble solids increased during different storage regimes (Kanski et
al., 2020). Today, breeding programs are mostly focused on taste and aroma. The cultivars with
high 8Bx values are preferred both by breeders and consumers.

3.3. Fruit flesh firmness (kg cm�2)

The differences between flesh firmness of the lines were not significant. Flesh firmness of the
hybrids varied between 7.94 and 11.85 kg cm�2 with the highest values in cultivars AK0028
(11.85 kg cm�2), AK0035 (10.92 kg cm�2), and AK0020 (10.75 kg cm�2) and the lowest values
in Yeniceri F1 (7.94 kg cm�2), PTK112 F1 (8.40 kg cm�2), and AK0029 (9.04 kg cm�2). Fandi
et al. (2008) reported fruit flesh firmness between 1.2 and 2.0 kg cm�2.

3.4. Lycopene content (mg kg�1)

Lycopene content of the lines varied between 52.1 and �90.9 mg kg�1 with the highest values in
lines E3 (90.9 mg kg�1), E11 (87.4 mg kg�1), and E13 (65.7 mg kg�1) and the lowest values in

Table 3. TSS, lycopene, L*; a*; b*; C, and hº values of the lines

Line number TSS (ºBx) Lycopene (mg kg�1) Lp ap bp C hº

E18 9.5 a 66.3 c 39.7 b 25.1 c 15.7 d 29.3 d 31.3 g
E13 8.9 b 65.7 c 36.4 g 22.8 d 16.4 d 27.8 e 36.1 f
E3 8.1 c 90.9 a 37.4 e 28.7 a 21.5 b 35.7 a 36.5 f
E11 6.1 d 87.4 b 38.8 c 26.5 b 21.0 b 32.9 b 38.1 e
Yeniceri F1 5.6 e 55.8 e 36.8 f 21.5 ef 21.1 b 29.8 d 44.7 c
E16 5.5 e 52.1 f 36.8 f 22.1 de 19.7 c 29.8 d 42.2 d
E14 4.9 f 62.5 d 40.3 a 20.9 f 23.6 a 31.6 c 48.1 a
PTK 112 F1 4.5 g 48.8 g 37.9 d 22.4 de 23.6 a 32.6 b 46.9 b
CV 1.09 0.38 0.29 1.9 2.41 0.97 0.54
LSD 0.17 0.60 0.26 1.08 1.16 0.72 0.52

Different letters in a column indicate statistically significant differences at P < 0.05.
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line E16 (52.1 mg kg�1). Lycopene content of the hybrids varied between 41.04 and
56.13 mg/kg�1 with the highest values in cultivars AK0027 (56.13 mg kg�1), Yeniceri
F1 (55.88 mg kg�1), and PTK112 F1 (48.89 mg kg�1) and the lowest values in AK0044 (41.04 mg
kg�1), AK0020 (42.99 mg kg�1), and AK0043 (43.55 mg kg�1). Ripe tomato berries contain
lycopene, which is a good dietary antioxidant (Rosati et al., 2000). Khan et al. (2006) reported
lycopene contents between 5.4 and �18.8 mg kg�1, and showed that lycopene content was
influenced by several environmental factors. Kuti and Konuru (2005) conducted a study with
different tomato types, and reported the highest lycopene contents in cherry tomatoes. While
the lycopene content of cherry tomatoes varied between 48.9 and �63.6 mg kg�1 in green-
houses, the values varied between 73.8 and �116.7 mg kg�1 in open fields. It was indicated that
genotype and environmental conditions have significant effects on lycopene content. The
hybrids obtained from crosses of high lycopene lines yielded average lycopene contents. Present
findings confirmed that lycopene contents were influenced by genotypes in combination with
other factors.

3.5. Fruit colour

The ap values varied between 20.9 and 28.7 and bp values varied between 15.7 and 23.6. The ap

and bp colour values should not be assessed alone, h8 and C values are calculated with the use of
ap and bp values. Fruit hue angle (h8) values were calculated as between 31.3 and �48.1. The
highest chroma (C) value (35.7) was obtained from line E3 and the lowest value (29.3) was
obtained from line E18.

Lp, ap, bp, h8 and C values were also taken into consideration for colour values of hybrids. The
lowest Lp (brightness) value (36.88) was observed in Yeniceri F1 and the highest value (41.51) was
observed in AK0020. The ap values varied between 4.20 and �35.04 and bp values varied between
13.94 and �27.4. The ap, bp and C colour values were evaluated not significant. Fruit hue angle
(h8) values were calculated as between 44.79 and �50.69 with the highest value in candidate
cultivar AK0020 (50.69) followed by candidate cultivars AK0027 (48.09) and AK0044 (47.21).

Fruit colour may reveal information about lycopene and phenolics of tomato fruit. Kuti and
Konuru (2005) reported h8 values of 9 tomato cultivars as between 43.20 and �60.40 and C
values as between 30.70 and �38.10. Present findings comply with those earlier ones.

3.6. Yield

Among the lines, the highest yield (1003.9 g/plant) was obtained by line E3. Following the
control cultivars, the highest yield (1004.16 g/plant) was obtained from hybrid AK0020, hybrid
AK0029 (994.70 g/plant), and hybrid AK0035 (884.12 g/plant) (Table 4). The candidate cultivar
AK0020, obtained through hybridisation of high-yield line E18 with the line E3, had the highest
yield. Similarly, candidate cultivars AK0028 and AK0041, obtained through hybridisations with
low-yield line E13, had the lowest yields. Yield is the most significant selection criterion in
tomatoes. Plant morphology, physiology, growing conditions, genotype, abiotic and biotic
stressors are the primary factors influencing yields in tomatoes (Causse et al., 2007). Solieman
et al. (2013) reported that total fruit yield per plant was inherited by dominance or over
dominance. In hybrid breeding, yield can be used together with fruit quality to improve the
performance of tomatoes (Hannan et al., 2007). Inheritance of yield and yield components may
reveal significant information for the selection of proper lines to develop high-yield cultivars

70 Acta Alimentaria 50 (2021) 1, 65–73



(Zdravkovi�c et al., 2011). In present study, hybrid cultivar AK0020 was selected for both yield
and the quality attributes.

4. CONCLUSIONS

The primary target of breeding programs is not only to develop new tomato cultivars resistant to
pests and diseases, but also to develop new hybrids with high quality, high yield, good fruit-set,
good adaptation, high firmness and long shelf life. The most significant phase of hybrid cultivar
development is the selection of the best parents. Based on market demands, quality attributes
and differences in fruit, the candidate cultivars with the best performance can be included in
breeding programs.

In our study, yield, total soluble solids (ºBx), fruit firmness, lycopene content, fruit colour
(Lp, ap, bp, C, h8) parameters of hybrids and tomato lines were analysed. TSS values of the
AK0020, E18, and E3 were evaluated as 5.3, 9.5 and 8.1 ºBx, lycopene content was determined as
42, 99, 66.3 and 90.9 mg kg�1; yield was found 1004.1, 904.5 and 1003.9 g/plant, respectively. It
was found that there was no statistically significant correlation between lines and fruit firmness.

Consequently, we determined that candidate cultivar AK0020 was the best combination for
both yield as for quality attributes.
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