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Abstract. Afifah EN, Murti RH, Wahyudhi A. 2021. Evaluation of a promising tomato line (Solanum lycopersicum) derived from
mutation breeding. Biodiversitas 22: 1863-1868. Tomato (Solanum lycopersicum L.) is a common crop that is widely cultivated and
consumed around the world. Demand for tomatoes has increased along with the growth of the human population. Therefore, tomato
production has to be continuously developed to meet the ever-rising global demand. Mutation breeding is one of the strategies applied to
improve plant yield and quality. This study evaluated a promising mutant breeding line called G6 and compared it to existing varieties.
G6 (mutant line), Ratnha, Tora, and Intan (commercial varieties) were used as materials and were evaluated for their qualitative and
quantitative traits. Overall, G6 showed a slightly flattened fruit shape similar to Ratna. It also had the highest value of locules, long shelf
life, and the number of bunches per plant compared to the existing varieties (Ratna, Intan, and Tora). The number of locules is assumed
to be linked to fruit size and dimension. Long shelf life is one of the preferred qualities of both consumers and farmers, as it could
prevent overmature and rotten tomato fruit during transportation. G6 differed from commercial varieties (Intan, Ratna, and Tora) in

terms of the number of locules, shelf life, and the number of bunches per plant.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is a commonly
cultivated and consumed crop around the world. Tomato
has many benefits; it is rich in nutrients, carotenoids, and
lycopene and has an abundance of antioxidant compounds
(Nkansah et al. 2019). Therefore, the demand for tomatoes
in Indonesia and the rest of the world has continued to
grow over the years. In relation to this, sustainable tomato
production is necessary for supporting the growth of
tomato demand globally (Chaudhary et al. 2019). However,
the development of techniques for the rapid production of
tomato cultivars improved with high-quality fruits remains
a challenge. Plant breeding is one of the appropriate ways
to increase the national production of tomatoes with high-
quality fruits (Holme et al. 2019). With the significant
growth of our population, it is crucial to improve food
production to meet current demands (Fentik 2017).

With the goal of yielding superior traits, plant breeding
programs have begun to produce genetic resources that are
used as parents or breeding materials (Degefa 2019). One
of the rapid strategies to produce such genetic materials is
through a mutation breeding program. This kind of
breeding program has a good frequency and spectrum of
mutation in a short time compared to the conventional crop
breeding program (Hossain et al. 2013). For instance, plant
breeders could have genetic improvements in many
qualitative and quantitative traits, such as high yield
(Malek et al. 2012).

Mutation breeding programs provide promising options
to enrich the genetic diversity and achieve tomato
production improvements (Chaudhary et al. 2019). A
mutation breeding is a process of exposing parts of the
plant with chemicals or radiations to generate genetic
variation to produce cultivars with desired traits (Zakir
2018). Therefore, mutation breeding is an appropriate tool
for improving new varieties, and some breeding methods
have been explored for the development of genetic
resources (Laskar et al. 2018). Currently, over 3200 mutant
varieties are officially released and used. Therefore,
mutation breeding remains an interesting method in
creating plant genetic resources. The advancement of
mutation plant breeding further increases the improvement
of desired varieties, such as maturity traits, as well as pest
and disease resistance, which have important roles in
increasing plant yield (Raina et al. 2016). Mutation
breeding has been successfully applied since the release of
a green mutant tobacco variety derived from the induced-
mutant variety in Indonesia (Spencer-Lopes & Jankuloski
2018). Many other plants have also undergone breeding
mutation, including banana, rice, and watermelon
(Chaudhary et al. 2019).

In Indonesia, plant breeding researchers at the Faculty
of Agriculture, Universitas Gadjah Mada have been
developing tomato lines with high yield and good quality
though a mutation breeding program. This program
mutated the Intan genotype using gamma radiation Cobalt
60 to generate tomato mutants with doses of 20, 40, and 60
grays (Hastari et al. 2014) and resulting in various
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morphological and genetic changes in the characteristics of
tomato plants. Furthermore, the evaluation of breeding
methods has been carried out to select the best plant with
high production, plant performance, and high fruit quality
until further generations. Selection is one of the crucial
parts of the plant breeding method in terms of evaluating
the variability of tomato mutants. Jaquez-Gutiérrez et al.
(2019) argued that long-term evaluation is essential in
selecting mutants altered to have desirable traits, including
flower architecture, fruit set, fruit development, and
maturation. One promising tomato line has been identified
from this program, namely, G6 which has been shown to
have high production and good plant performance (Hastari
et al. 2014). It also has the potential of being evaluated and
compared with existing varieties. Therefore, the current
study evaluates G6 traits compared with commercial varieties.

MATERIALS AND METHODS

General procedures

This study was carried out at the Horticultural Seed and
Agribusiness  Development and Promotion Center,
Department of Agriculture in Sleman District, Special
Region of Yogyakarta, Indonesia. This location has an
elevation of 700 asl, average rainfall of approximately
21-100 mm/month, and a daily temperature of 25 °C-4 °C.
One mutant line (G6) and commercial varieties (Ratna,
Intan, and Tora) were evaluated in this study. G6 is a
mutant line generated by the mutation breeding program of
the Faculty of Agriculture, Universitas Gadjah Mada, using
the seed of Intan genotype mutated with gamma radiation
Cobalt 60 with a dose of 40 gray (Hastari et al. 2014).
Based on the previous study, G6 was already stable
because it was evaluated until M9 generations and can be
proposed for the new pure line varieties (Hastari et al.
2014). Ratna and Intan are commercial varieties produced
by East-West Seed Indonesia, while Tora is an existing
variety produced by the Bogor Agricultural Institute.

This experiment was laid out in a completely
randomized block design with subsampling and consisted
of 4 replications as blocks and 12 plant samples per
genotype per replication. There were 36 plants in each
cultivar per block, each planted with a space of 40 cm x 40
cm. There were 16 beds (width: 1.2 m, length: 10 m, space
within beds: 40 cm) in the field enriched with organic
fertilizer (2 kg.m), Nitrogen, Phosphorus, and Potassium
(NPK) with a ratio of 16:16:16 fertilizer (17.5 g.m), and
Potassium Chloride (KCL) fertilizer (20 g.m), and then
covered with mulch. Four varieties were shown in the soil
medium enriched with organic fertilizer 1:1 (w/w). These
plants were transplanted to the field 21 days after
germination. The cultivation process carried out in this
study included watering, pruning, fertilizing, and
harvesting as well as controlling weeds, pests, and diseases.

Data collection

A total of 12 plants per genotype per replication were
observed for qualitative parameters, including plant growth
type, leaf attitude, leaf size of leaflets (in middle of leaf),
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leaf color (upper and lower), seedling anthocyanin, flower
color, fruit shape, fruit color (immature), fruit green
shoulder (before maturity), fruit color at maturity, fruits
color of flesh (at maturity), and fruit size., and quantitative
parameters consisting of stem diameter, number of locules,
fruit thickness, shelf life, total soluble solid (TSS, °brix),
vitamin C, fruit weight, number of fruit bunches, total fruit
per plant, and yield per ha). The qualitative parameters
(e.g., morphological traits) were observed according to the
tomato UPOV guidelines (2019). The measurement of shelf
life was obtained by measuring the number of fruit days
elapsed from the harvesting time until the first symptom of
deterioration while the fruit remains soft. In order to
determine this parameter, tomato fruits were stored in
boxes in single layers at 25 °C = 3 °C, after which they
were observed every two days.

Five fruits per plant were taken for measuring fruit
qualities. Tomatoes were cut into two slices to measure
pericarp thickness (mm) and locules per fruit. Then, the cut
tomatoes were used to record TSS (°brix) using a hand
refractometer. Furthermore, vitamin C content was
analyzed using titrimetic method based on Das et al.
(2019). All collected data were analyzed using analysis of
variance (ANOVA) and continued with Tukey HSD’s test
at o= 5%.

RESULTS AND DISCUSSION

Qualitative characters

The plant performances of the selected mutant line and
existing varieties considering qualitative parameters are
presented in Table 1. Tomato mutant G6 showed the same
determinate plant growth compared to the commercial
varieties (Ratna, Intan, and Tora). G6 also had the same
leaf attitude, leaf size of leaflets (in middle of leaf), leaf
color (upper and lower), seedling anthocyanin, flower
color, fruit color (immature), fruit color at maturity, fruit
color of flesh (at maturity), and fruit size. However, G6 had
a different fruit shape compared to Tora, which showed an
obovate fruit shape. In contrast, G6 had a slightly flattened
fruit shape.

As shown in Figure 1, G6 had the same color of
immature and mature fruits compared to the commercial
varieties. The color of immature fruits was light green
marked with an absence of green shoulder due to the lower
amount of chlorophyll pigments produced. The mature fruit
and fruit color of flesh of G6 had a orange color similar to
Ratna, Intan, and Tora. It is widely known that fruit color is
the most essential and complex attribute of tomato fruit
quality.

Shelf-life performances

As shown in the histogram in Figure 2, Ratna had the
longest shelf life (27 days) followed by G6 with 26 days.
This value was not statistically significantly different,
indicating that G6 had the same shelf life compared to
Ratna, but had a statistically significantly different shelf
life compared to Intan and Tora. Therefore, G6 has a longer
shelf life than existing varieties (Intan and Tora).
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Table 1. Qualitative characters of G6 and three commercial varieties
Variables - Varieties

G6 (Mutant line) Ratna Intan Tora
Plant growth type Determinate Determinate Determinate Determinate
Leaf attitude Semi-erect Semi-erect Semi-erect Semi-erect
Leaf size of leaflets (in middle of leaf) Medium* Medium* Medium* Medium*
Leaf color (upper) Green Green Green Green
Leaf color (lower) Dark green Dark green Dark green Dark green
Seeding anthocyanin Absence (green) Absence (green) Absence (green) Absence (green)
Flower color Yellow Yellow Yellow Yellow
Fruit shape Slightly flattened Slightly flattened Slightly flattened Obovate
Fruit color (immature) Light green Light green Light green Light green
Fruit green shoulder (before maturity) Absence Absence Absence Absence
Fruit color at maturity Orange Orange Orange Orange
Fruit color of flesh (at maturity) Orange Orange Orange Orange
Fruit size Medium* Medium* Medium* Medium*

Note: Morphological characterization was based on the tomato UPOV guidelines (2019). (*): Sizes and pictures were based on the

tomato UPQV guidelines.

G6

Ratna

Intan Tora

Figure 1. Fruit color of mutant line and commercial varieties: A. Immature fruits; B. Fruit flesh at maturity and locules; C. Mature

fruits. Bar =3 cm

Fruit performances

Data on TSS, vitamin C content, number of locules, and
fruit thickness are presented in Table 2. As shown in the
table, G6 and existing varieties did not have significantly
different TSS contents. G6 had a high value of TSS quality,
but it was not significantly different from other varieties.
The highest value of vitamin C was found in Intan,
followed by Tora, Ratna, and G6. The results revealed that
G6 did not have a significant level of vitamin C compared
to Ratna and Tora. In addition, G6, Ratna, and Intan had
the same number of locules. In contrast, Tora had the
lowest number of locules per fruit. Furthermore, the highest
fruit pericarp thickness was found in Tora, followed by
Intan and Ratna. G6 had a fruit pericarp thickness of 4.7
cm.

Yield performances

Data on stem diameter, the number of fruits per
bunches, the number of bunches per plant, and yield are
presented in Table 2. The data showed that G6 had a high
stem diameter at around 14.11 cm, although this was not
significantly different from those of Ratna and Intan. In

comparison, the stem diameter of G6 was statistically
different compared to Tora. The highest number of fruits
per bunches was observed in Tora, followed by Intan. In
contrast, the lowest number of fruits per bunches was found
in G6 and Ratna. G6 and Tora had a high number of
bunches per plant, whereas Ratna and Intan had the lowest
number of bunches per plant. Fruit weight data showed that
Intan had a high value at 162.49 g, whereas G6 had a fruit
weight of around 94.71 g. Tora and Intan both had higher
yields compared to Ratna and Intan. Meanwhile, G6 and
Ratna had the same yield at around 16.5 kg. ha™.

Discussion

This study evaluated the morphological characteristics
of a promising tomato mutant compared to the commercial
varieties to determine whether the mutant line had good,
comparable characteristics as those of commercial
varieties. The observations were based on the tomato
UPQV tomato guidelines (2019). Overall, G6 had a slightly
flattened fruit shape similar to Ratna and Intan. In contrast,
Tora had an obovate fruit shape that was different from G6.
Based on Laskar et al. (2018), tomato mutation breeding
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has led to various traits of tomatoes, including fruit shape
and size. Therefore, the morphological characterization of
fruit shape must be carried out to determine the special trait
of a particular variety. Casals et al. (2019) reported that
consumers generally preferred tomato fruits with a taste
ideotype and have a high variability of chemical
composition in terms of fruit shape and plant performance.
According to Renna et al. (2019), morphological
characterization is useful, as it enables plant breeders to
develop traditional cultivars without losing their particular
trait.
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Figure 2. Histogram of the shelf life of the tomato mutant (G6)
and each commercial variety. Note: Bars followed with same
letters are not significantly different based on Tukey’s HSD test at
o =5%.

Table 2. Quantitative characters in mutant line compared to the
commercial varieties

Vitamin Fruit
TSS C Number  pericarp
Varieties é;n(%élr?)g (mg/100  of locules  thickness
9) (cm)
G6
5.23a 20.51b 4a 47¢
(mutant)
Ratna 4.60 a 20.92b 4a 5.18 bc
Intan 4,98 a 34.07a 4a 5.88 ab
Tora 4,77 a 25.31b 2b 6.49 a
Note: Numbers followed with the same letters are not

significantly different at Tukey’s HSD test at o= 5%.

Table 3. Quantitative characters of the mutant line compared to
the three commercial varieties

Stem Number Number

. diameter of fruits of Fr'mt Yield
Varieties weight (kg. ha
(cm) per bunches it
bunches per plant © )
G6 1411 a 3.79¢ 7.41a 94.71¢c 16,479b
(mutant)
Ratna 1144 a 3.76 ¢ 5.94b 116.94 b 16,544 b
Intan 13.64a 6.10b 491b 162.49a 29,837 a
Tora 14.75b 7.55a 7.34a 96.77c 33,846a
Note: Numbers followed with the same letters are not

significantly different at Tukey’s HSD test at o= 5%.
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Holme et al. (2019) explained that mutation plant
breeding is random and could not select the target genes.
Therefore, it needs to be partially directed by mapping
genes to select the target traits. Furthermore, this material
could be combined with another line to generate the elite
lines. For the trait of mature and immature fruit type, G6
showed the same fruit color and performance compared to
the commercial varieties. Furthermore, G6 showed an
immature fruit with red-orange color and the absence of
green shoulder. The latter trait is considered a desirable
improvement of fruit quality, because having a green
shoulder inhibits fruit maturity and results in imperfect fruit
color. Tomato fruit color is related to the diverse carotenoid
pigment system and is conditioned by pigment types and
concentration. This condition is caused by genetics and the
environment (Rawal et al. 2016).

In the current study, G6 showed a longer shelf life
compared to existing varieties (i.e., Intan and Tora).
Furthermore, Fentik (2017) pointed out that consumers and
farmers are interested in the tomato fruit with a long shelf
life and ripening period. Plant breeding programs aim to
modify plants by endowing them with superior traits, such
as mechanical harvesting, resistance against pests and
diseases, and good fruit quality (including better taste,
flavor, and long shelf life) to solve farmers’ problems and
meet growing consumer demand (Tiwari 2017). According
to Zhang et al. (2013), tomato shelf life is an important trait
quality for farmers and consumers. In order to resolve the
problem of having overmature fruits during transportation,
farmers usually pick tomatoes when they are still firm and
green, keep them at low temperatures, and prime them with
ethylene. However, this strategy has a negative effect on
the flavor, texture, and tomato aroma. Therefore,
developing a tomato variety with long shelf life is essential
in producing high-quality tomatoes.

Meanwhile, TSS is related to tomato acidity (Renna et
al. 2019). Tomato sweetness and acidity are popular
customer preferences (Fentik 2017). For example, some
people prefer tomatoes with a high level of sweetness than
acidic tomatoes, while other prefer tomatoes with a
medium level of acidity. In our results, we found that G6
had a TSS value of 5.23. A study by Casals et al. (2018)
showed that fresh market tomatoes had an average TSS
level of 4.3. At the same time, some consumers prefer the
highest level of sweetness found in cherry tomatoes, which
are ideal for salads and other diet-friendly dishes.
Therefore, cherry tomatoes are usually eaten directly and
have a high level of sweetness. As a result, tomatoes used
as a vegetable should not be as sweet as a cherry tomato.
Renna et al. (2019) also reported that acidity is an essential
attribute to consider in processing tomato fruit. The higher
the level of acidity, the easier it is to control microbial
degradation in processing tomato products.

Vitamin C is another interesting trait that must be
elevated by plant breeders, because many consumers prefer
to eat tomatoes with a high vitamin C content (Valsikova et
al. 2017). In accordance with our results, G6 had a lower
level of vitamin C than the Intan variety. Furthermore,
according to Stevens et al. (2007) ascorbic acid in tomatoes
is controlled by several QTL. This study evaluated the
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vitamin C content in several tomato mutant variants, and
the results showed that many of them contained reduced
vitamin C. Improving the amount of vitamin C in tomatoes
remains a challenge to this day and may thus be a target of
future plant breeding programs.

Meanwhile, there was also a significant difference
between G6 and Tora in terms of the number of locules.
G6, Ratna, and Intan had four locules, whereas Tora only
had two locules per fruit. This finding indicated that the
number of locules can be considered one of the essential
characteristics of tomato fruits. According to many studies,
this is declared that the number of locules is associated
with fruit dimension and size (Mu et al. 2017). For
example, Chu et al. (2019) reported that many locules often
lead to an enlarged fruit. Thus, this trait can be controlled
genetically in order to produce enlarged tomatoes with
many locules. In terms of fruit pericarp thickness, Tora and
Intan showed high fruit thickness values at approximately
6.49 and 5.88 cm, respectively. Based on statistical
analysis, G6 had the lowest fruit thickness at around 4.7
cm, which was significantly different from those of Tora
and Intan.

Generally, some tomatoes have a medium stem with
anthocyanin, while others have an absence of stem
anthocyanin. Therefore, stem diameter is one of the
specific characteristics of tomato plants that must be
observed. In our study, G6 had a high stem diameter and
number of fruits per bunches at around 14. 11 cm and 3.79,
respectively, which were statistically different compared to
those of Intan and Tora. G6 also had the highest number of
bunches per plant at around 7.41. At the same time, G6
showed low fruit weight and yield at around 94.71 g and
16.479 kg. respectively. These results indicated that G6 had
a medium fruit size. Hence, such quality must be improved
to increase fruit size and productivity, which can overcome
consumer and farmer demands in the future. Chaudhary et
al. (2019) indicated that most mutant lines carry a recessive
mutation, although this does not affect their phenotypes.
Therefore, mutant lines must be evaluated to find the
homozygous mutant population with good traits. Holme et
al. (2019) reported that mutation breeding resulted in
several morphological variations. Therefore, the mutant
line may be crossed with another line to combine their
superior traits and then use them further as breeding
materials.

In conclusion, the mutant tomato (G6) differed from
commercial varieties (Intan, Ratna, and Tora) in terms of
the number of locules, shelf life, and the number of
bunches per plant. However, all varieties showed the same
qualitative traits, including leaf attitude, leaf size of leaflets
(in middle of leaf), leaf color (upper and lower), seedling
anthocyanin, flower color, fruit color (immature), fruit
color at maturity, fruit color of flesh (at maturity), and fruit
size. The number of locules is important in differentiating
among the varieties. Furthermore, having a long shelf life
is essential, because such a trait could prevent overmature
and rotten tomatoes during transportation. Therefore, most
plant breeding programs must aim to improve tomato
plants by developing variants with a long shelf life.
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