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SUMMARY

Despite the increasing consumption of tomato (Solanum lycopersicum Mill.) in Indonesia, its yield
capacity is lower than its demand. However, establishing high-yielding tomato varieties can overcome
this. Strain in F, populations is the first step in assembling high-yielding tomato genotypes through
systematic selection, one through using a selection index. The latest study aimed to identify the
genetic diversity and the effectiveness of the selection index for high-yielding F, tomato population
selection. The research took place from September to December 2021 at the Faculty of Agriculture
Experimental Field, Hasanuddin University, Makassar, South Sulawesi, Indonesia. The study used an
augmented design consisting of four blocks with complete randomization. Nine experimental units
were used in this study, consisting of three F, lines plotted into four blocks with no repetition and
three cultivars that repeated in each block as genotype check. The study of 15 growth parameters
used analysis of variance, correlation, and path analysis. Results revealed that the selection index
proved efficient in selecting the F, generation of tomato strain populations. Almost all the characters
have the highest genetic diversity and showed potential for selection criteria usage. The total humber
of fruits (0.52), fruit diameter (0.32), and fruit weight (0.29) showed a direct influence on yield, and
can serve as selection criteria for yield. The selection criteria were formulated into a selection index,
producing 75 tomato strains potentially suitable as families in the F5 generation.

Keywords: correlation, genetic parameters, path analysis, selection criteria, selection index tomato
(Solanum lycopersicum Mill.)

Key findings: Lines selection in F, generation is critical in cultivar development, including the tomato
(Solanum lycopersicum Mill.) crop. The study comprised the selection of promising tomato lines in F»
and consecutively in the F; generation. The combination of several parameters to form a selection
index on yield helped increase the effectiveness of selection. The selection index indicated 75 potential
tomato lines for development in the F3 generation.
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INTRODUCTION

Tomato (Solanum lycopersicum Mill.) is one of
the leading horticultural commodities in
Indonesia with economic and strategic values.
This widely consumed plant is rich in nutrients
and secondary metabolites that are essential
for health, especially vitamins A and C and
other important minerals (Wahyuni et al.,
2014). Moreover, the high antioxidant content,
known as lycopene, containing about 30-200
mg kg of fresh fruit, is an added value of this
fruit (Hasri, 2015).

Indonesia's tomato yield increased in
the last three years, from 976,790 t (2018) to
1,020,333 t (2019) and 1,084,993 t (2020)
(BPS, 2021). However, the tomato yield rate
lags far below its yield potential (Wasonowati,
2010). Inappropriate cultivation techniques,
pest and disease management, and the use of
inappropriate cultivars revealed the major
factors affecting vyield. Therefore, these
problems need progressive addressing, one of
them by assembling superior tomato cultivars
through plant breeding.

Plant breeding is essential in
assembling high-yielding genotypes and
increasing crop yield (Jambormias and Riry,
2009; Syukur et al., 2012). However, this
concept anchors firmly on the broader genetic
diversity of the existing populations. The more
diverse population helps increase the selection
effectiveness to achieve the plant breeding
goals (Sa'diyah et al., 2009, 2013). Crossing
the genotypes with distinct genetic
backgrounds can attain increased genetic
diversity. Farid et al. (2022) performed half-
diallel crosses in genetically different tomato
genotypes, resulting in suggested potential
hybrids, i.e., Karina/Black Cherry,
Karina/Mawar, and Mawar/Chung, with high
yield and lycopene content, for further use in
breeding programs. Their results revealed that
these hybrids require future study in the F,
generation to develop improved tomato
cultivars with a higher yield.

Considering the F, generation has the
highest level of genetic diversity hence,
selection in this generation becomes crucial in
assembling improved genotypes (Jameela et
al., 2014). However, in the F, populations, the
selection criteria used primarily determines the
effectiveness of selection (Kristamtini et al.,
2016). If the environment influences the
selection criteria more, then the resulting
genotype is considered too far from the
potential cultivar, with an extended straining
process (Wati et al., 2020). Hence, the
selection criteria must have high heritability
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and direct gene action (Yudilastari et al., 2018)
and relatively few genes (Phillips, 2008). The
selection process needs to include several yield
components to enhance the accuracy and
stability of selection, especially if the yield as
the main character is the basis of selection
(Pramana et al., 2013). Furthermore, these
supporting characters must have a strong
association with a yield so that the estimation
of the selection criteria for supporting yield is
carried out systematically (Wirnas et al.,
2006). Therefore, using several selection
criteria with high genetic diversity to select F,
populations in tomatoes needs implication,
with the selection index as an important
selection method to collectively use several
yield contributing characters as selection
criteria.

The selection index is a multiple linear
regression equation that collects several
selection criteria (Jambormias et al., 2014a).
The concept of this index can be combined with
character weighting, which is the priority value
of the selection criteria (Amzeri et al., 2020).
First, each selection criteria  requires
standardizing to equalize the degree among
the characters, with the standardization
estimates serving as the basis for producing
index values for each line (Wening et al.,
2018). This concept has shown effectiveness in
the simultaneous selection of several
characters. Several studies have reported the
benefits of using the selection index in various
crops (Sudika and Soemeinaboedhy, 2020;
Harahap et al., 2019), including tomatoes
(Okiarlis et al., 2016; Farid et al., 2022).
Therefore, a selection index in the tomato F,
populations approach proved applicable. The
recent study aimed to determine the genetic
diversity and the effectiveness of the selection
index in selecting F, populations with higher
yields in tomatoes.

MATERIALS AND METHODS
Genetic material and procedure

The research took place from September to
December 2021 at the Faculty of Agriculture
Experimental Field, Hasanuddin University,
Makassar, South Sulawesi, Indonesia
(5°07'40.1"S 119°28'52.2"E). The experiment
proceeded in the augmented design with
complete randomization as the environmental
design. The augmented design continued in a
population with a limited number of seeds and
consisted of four blocks. Three F, tomato
strains (Karina x Mawar, Mawar x Chung, and
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Karina x Black Cherry) were used, with no
repetition of each line in any block. For
comparison purposes, three standard tomato
cultivars, i.e., Karina, Mawar, and Chung,
served as check genotypes. The parental
cultivars also served as check genotypes with
their F, populations and repeated in each
block. Therefore, the use of nine experimental
units ensued.

Planting seeds of F, tomato populations
proceeded in the roasted husk and compost
manure (1:1). The seeding took place in a
greenhouse, afterward, Transfer of seedlings
into polybags 14 days after sowing (DAS)
occurred. Tomato seedlings received the AB
mix solution (5 ml L'!) at seven DAS. Two to
three weeks after transplanting (WAP),
planting seedlings followed on a soil bed size of
0.8 m x 7.5 m each, with a distance of 20 cm
between beds. Following planting, the beds
with plastic mulch attained holes 10 cm in
diameter, with spacing at 40 cm x 80 cm.
Thus, 18 plants per bed resulted.

Tomato crop maintenance consists of
several activities, including watering twice daily
until the soil looks moist. Replanting occurred
at one WAP to replace abnormal and wilt
seedlings. The replacement used the same age
and genetic material. The first fertilization
began at seven DAP once a week, using NPK
Mutiara fertilizer at the rate of 10 g L™ in the
form of a solution applied around the plant
roots. The leaf fertilizer application during
vegetative and generative growth stages used
Gandasil D and Gandasil B, respectively.
Pruning proceeded by removing small shoots
on the lower stem at least once a week.
Weeding took place manually using a hoe and
by applying herbicide (Gramoxone 2 g L™
water). Pests and disease control also
transpired once a week by spraying the
insecticide Curacron 500 EC 2 cc L! and
Lantracol fungicide g L. Harvesting took two
times a week on reddish yellow tomatoes that
met the ready-to-harvest criteria, which
continued for eight weeks.

Data analysis

Data recording through field observations
proceeded in each experimental plot.
Characters observed in this study included
plant height, dichotomous height, stem
diameter, flowering age, harvest age, number
of bunch flowers, number of fruit bunches,
total fruit number, fruit length, fruit diameter,
fruit weight, number of cavities, Brix content,
number of seed fruit, and yield total. The
recorded data for the entire characters
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underwent analysis of variance (ANOVA) based
on augmented design. Heritability predicted
using ANOVA estimates basic. The
determination of selection criteria progressed
systematically through correlation and path
analysis. Characters that were significantly
different based on ANOVA and having a
significant correlation with vyield further
continued evaluation using path analysis. The
path analysis result becomes the basis of the
best selection criteria determination. The
action and detection of the number of genes
used skewness (Zs) and kurtosis (Zk) analysis.
Then, the path analysis estimates served as
the basis for creating a selection index. The
selection index ensued using the concept of
Alsabah et al. (2019).

RESULTS

The results showed that the characters were
significantly influenced by genotypes, check
cultivars and their interactions, plant height,
stem diameter, flowering age, harvest age,
number of bunches, total fruit count, fruit
length, fruit diameter, fruit weight, number of
cavities, Brix content, number of seeds per
fruit, and yield (Table 1). Meanwhile, the check
cultivar and genotype and check cultivar
interactions affected the number of bunch
flowers relevantly, whereas the genotype and
interaction between genotype and check
cultivar impacted dichotomous height
significantly. Based on the heritability values,
all  observed characters showed high
heritability values, i.e., plant height (92.51),
dichotomous height (91.01), stem diameter
(91.75), flowering age (82.40), harvest age
(83.81), number of bunches (99.03), fruit
length (85.03), fruit diameter (93.14), fruit
weight (98.61), number of cavities (91.50),
Brix content (94.55), number of seeds per fruit
(90.41), and yield (99.65). The total number of
fruit characters (99.75) showed the highest
heritability value. On the other hand, the
number of bunch flowers (72.99) revealed the
lowest one.

According to correlation analysis, yield-
tomato yield showed a significant (P < 0.05)
positive correlation with some characters, i.e.,
plant height (0.43), dichotomous height
(0.23), stem diameter (0.25), number of
flower bunches (0.20), number of fruit bunches
(0.17), total fruit number (0.46), fruit length
(0.20), fruit diameter (0.53), fruit weight
(0.42), and number of cavities (0.21) (Table
2). Meanwhile, flowering age (-0.24) and
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Table 1. Mean squares and heritability values for various characters in tomato.

Characters Lines (L) Check (C) LvsC Ccv Vg Vp H?

PH 1078.15%* 969.22%* 1579.98%** 7.42 249.34 269.54 92.51
DH 119.43%* 2.36ns 326.57** 8.87 27.17 29.863 91.01
DR 5.6519** 4.31%* 26.50** 6.94 1.30 1.41 91.75
FD 9.75% 33.84** 11.19% 2.37 2.01 2.44 82.40
HD 10.08* 43.34%* 16.90* 1.42 2.11 2.52 83.81
NF 0.72ns 18.02** 49, 55%* 10.54 0.13 0.18 72.99
NB 178.17%* 2154.04** 444.36%* 7.50 44.11 44.54 99.03
NFT 18854.20** 68377.80** 16100.40%** 7.11 4701.60 4713.54 99.75
FL 13.69% 74.44%* 415.36%* 5.17 2.91 3.42 85.03
FD 40.06** 308.87** 18.17% 6.76 9.33 10.02 93.14
FW 86.82%* 162.60%** 69.90** 8.26 21.40 21.71 98.61
NC 3.49%* 25.40** 1.93% 12.43 0.80 0.87 91.50
BR 3.30** 14.22%* 73.82%* 5.99 0.78 0.82 94.55
NS 1004.30** 12568.10** 127512** 19.95 226.99 251.08 90.41
PROD 41089.40%** 9497.61%* 14789.60** 6.10 10235.88 10272.35 99.65

Notes: ns: not significant, **; significant at a= 1%, *; significant at a= 5%; CV: Coefficient of variance; PH: plant height;
DH: dichotomous height; DR: diameter of the rod; FD: flowering days; HD: harvest day; NF: number of flowers; NB:
number of the bunch; NFT: number of fruit total; FL: fruit length; FD: fruit diameter; FW: fruit weight; NC: number of

cavities; BR: Brix rate; NS: number of seeds; PROD: yield.

harvesting age (-0.24) had a significant (P <
0.05) negative correlation with yield. The path
analysis showed a determination value of
0.403 for the model (Table 3). Total fruit
number (0.52), fruit diameter (0.32), and fruit
weight (0.29) had a significant positive direct
effect on total yield. Meanwhile, plant height
(0.12), dichotomous height (0.12), stem
diameter (-0.03), flowering age (-0.03),
harvest age (-0.02), number of bunch flowers
(0.04), number of bunches (0.05), length of
fruit (0.03) and the number of cavities (-0.07)
did not have a significant direct effect on yield.

The image-based normality analysis
revealed that fruit diameter had a relatively
normal distribution (Figure 1). Populations
among the three crosses (Karina x Black
Cherry, Mawar x Chung, and Karina x Mawar)
also had the same model and peak point for
fruit diameter. However, total fruit number,
weight, and yield characters have tended to
skew to the right. Based on skewness and
kurtosis, the total number of fruit (Zs = 18.86
and Zk = 40,526), fruit weight (Zs= 2.674 and
Zk = -0.018), and yield (Zs = 11,517 and Zk =
16,874) revealed the highest Zs and Zk values
(Table 4). The character fruit diameter has
attained low Zs and Zk values, although the Zk
value was insignificant.

The selection index values based on
path analysis appear in Table 5. The selection
index resulted from a combination of four
parameters, i.e., yield, fruit diameter, fruit
weight, and total fruit number. The selection
index estimates showed that 75 tomato lines
had positive index values. In addition, these
lines had a better index compared with
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cultivars Karina, Chung, and Mawar. Based on
the 75 tomato lines, six lines resulted from the
cross combination of Karina x Black Cherry, 36
from Karina x Mawar, and 33 lines from Mawar
x Chung.

DISCUSSION
Increasing plant breeding efficiency results
from emphasizing genetic diversity,

heritability, the correlation between characters,
path analysis, and the number and action of
genes that control a character at each
implementation stage (Nzuve et al., 2014;
Barmawi, 2007). The variance analysis results
indicated a high diversity in the tomato F2
population for almost all characters. They
strengthened the high heritability values for all
growth and development characters. Both
analyses align with Jambormias et al. (2014b);
significant diversity and high heritability
indicate better inheritance of the quantitative
characters and opportunities for effective
selection in the next generation. The instability
of genotype performance to environmental
change has the potential to become a limiter in
the selection process (Navabi et al., 2006). The
interaction between genotype and control can
indicate the instability of the appearance of a
cultivar in various environments (Dhillion et
al., 2009; Dev et al., 2009). In general,
significant variance is the initial basis for
determining the effectiveness of a character
selection character (Sabouri et al., 2008;
Anshori et al., 2022; Litrico and Violle, 2015;
Priyanto et al., 2018). Therefore, the source of
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Table 2. Pearson correlation for selected characters of yield.

Characters DH DR FD HD NF NB NFT FL FD FW NC BR NS PROD
PH 0.27** 0.41** -0.14* -0.17% 0.17* 0.04ns 0.17* 0.22** 0.34%** 0.22%* 0.21%** 0.26** 0.03ns 0.43%*
DH 0.07ns 0.00ns 0.01lns 0.06ns -0.07ns  0.07ns 0.13ns 0.06ns 0.06ns -0.03ns  0.09ns -0.06ns  0.23**
DR 0.03ns -0.01ns 0.04ns 0.24** 0.39** -0.05ns  0.09ns -0.06ns 0.14ns 0.05ns -0.02ns  0.25**
FD 0.95** -0.23**  0.03ns -0.04ns -0.01ns -0.28** -0.16* -0.15%* -0.12ns -0.13ns  -0.24**
HD -0.26**  0.03ns -0.04ns 0.01ns -0.27**  -0.16%* -0.12ns -0.12ns -0.13ns  -0.24**
NF 0.03ns 0.12ns -0.05ns  0.14* 0.02ns -0.07ns 0.12ns 0.29%** 0.20%**
NB 0.58** -0.37**  -0.24%* -0.30**  -0.22** -0.07ns -0.06ns 0.17%
NFT -0.25**  -0.10ns  -0.25** -0.19* -0.06ns -0.10ns 0.46**
FL 0.40** 0.44*x* 0.15%* 0.00ns -0.18% 0.20*
FD 0.65** 0.61** 0.33** 0.09ns 0.53**
FW 0.45** 0.14* 0.19%* 0.42%*
NC 0.26%** 0.18%* 0.21%*
BR -0.09ns 0.13ns
NS 0.06ns
PROD

Notes: ns: not significant, **; significant at a= 1%, *; significant at a= 5%; PH: plant height; DH: dichotomous height; DR: diameter of the rod; FD: flowering days; HD:
harvest day; NF: number of flowers; NB: number of the bunch; NFT: number of fruit total; FL: fruit length; FD: fruit diameter; FW: fruit weight; NC: number of cavities;
BR: Brix rate; NS: number of seeds; PROD: yield.

Table 3. Path analysis for tomato yield per plant based on the characters with the highest correlation with fruit yield.

Characters PH DH DR FD HD NF NB NFT FL FD FW NC Correlation
PH 0.12 0.03 -0.01 0.00 0.00 0.01 0.00 0.09 0.01 0.11 0.06 -0.01 0.43**
DH 0.03 0.12 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.02 0.02 0.00 0.23**
DR 0.05 0.01 -0.03 0.00 0.00 0.00 0.01 0.2 0.00 0.03 -0.02 -0.01 0.25%**
FD -0.02 0.00 0.00 -0.03 -0.02 -0.01 0.00 -0.02 0.00 -0.09 -0.05 0.01 -0.24*x*
HD -0.02 0.00 0.00 -0.03 -0.02 -0.01 0.00 -0.02 0.00 -0.09 -0.05 0.01 -0.24%*x*
NF 0.02 0.01 0.00 0.01 0.01 0.04 0.00 0.06 0.00 0.04 0.01 0.00 0.20%**
NB 0.01 -0.01 -0.01 0.00 0.00 0.00 0.05 0.30 -0.01 -0.08 -0.09 0.01 0.17*
NFT 0.02 0.01 -0.01 0.00 0.00 0.00 0.03 0.52%* -0.01 -0.03 -0.07 0.01 0.46**
FL 0.03 0.02 0.00 0.00 0.00 0.00 -0.02 -0.13 0.03 0.13 0.13 -0.01 0.20*
FD 0.04 0.01 0.00 0.01 0.01 0.00 -0.01 -0.05 0.01 0.32%* 0.19 -0.04 0.53**
FW 0.03 0.01 0.00 0.01 0.00 0.00 -0.02 -0.13 0.02 0.21 0.29%* -0.03 0.42%*
NC 0.03 0.00 0.00 0.01 0.00 0.00 -0.01 -0.1 0.01 0.2 0.13 -0.07 0.21%*

Notes: numbers in bold indicate a direct effect, cross-print R2: 40.34, Res: Residual, PH: plant height, DH: dichotomous height, DR: diameter of the rod, FD: flowering
days, HD: harvest day, NF: number of flowers, NB: number of the bunch, NFT: number of fruit total, FL: fruit length, FD: fruit diameter, FW: fruit weight, NC: number of
cavities.

1030



SABRAO J. Breed. Genet.54 (5) 1026-1036. http://doi.org/10.54910/sabrao2022.54.5.6

0% = ) B GENO

;A =
B XM (g B ™
0.008 = ha=d_MC ! om i} T e
5 Mean StDev N | [ Maan s1oev N |
4249 6496 23 2201 332 23 |
| 9237 w2e RS 2550 7164 92 |
2 0.006 2 w033 73 | 2 005 AR B {2433 6300 73 |
G =z A AT L il
g a o MR |-
a 8 i A N
004! ZIn B
0.004 4 A X
4 ‘.
AT
7 p .
0.002 0.02 \_‘.
N t
ol
- |~ lb
0.000- - 1a o SRl L1
800 000 2 L) 24 £ 3% 42
ooy [ om0 Zil GEND
== Q008 == X
208 F=] ™ [ Ll
mss] WMC — {F=
any 0.005- Feeq  Mc
Mo SmDev N | Mean SiDev N
206 TSt 4381 22 2o ™1 23
B30 no: W2 0.004 B34 2089 %2
.‘? 205 nu 8508 7B é‘ =i 5
5 Z
o 004 20001
003 0.002
002
0.0t Q001
000t == — 1c 0.000 =T [
50 &0 00

Figure 1. Distribution curve for the number of fruit total (NFT), b) distribution curve for fruit diameter
(FD), c) distribution curve for fruit weight (FW), and d) distribution curve for yield.

Table 4. Estimation of gene action and gene number.

Variable Skewness Kurtosis Zs Zk Gene Action Gene Number
NFT 3.244 13.86 18.860** 40.526** Additive, complementary epistasis Few

FD 0.46 -0.0006 2.674%** -0.018ns  Additive, complementary epistasis Many

FW 1.981 5.771 11.517*%* 16.874** Additive, complementary epistasis Few

PROD 1.769 3.402 10.285%* 9.,947** Additive, complementary epistasis Few

Notes: ns: not significant, **: significant at a= 1%, *: significant at a= 5%; NFT: number of fruit total; FD: fruit diameter;
FW: fruit weight; PROD: yield; Zs = skewness standardization; Zk= kurtosis standardization; Kurtosis>3: a few genes;
Kurtosis<3: many genes.

Table 5. Selection index based on the path analysis.

Genotype

Actual Value

Standardization

Selection Index

PROD NFT FD FW PROD  NFT FD FW
KM14 1016.30 161.30 38.10 31.50 3.93 0.47 1.98 1.86 4.76
KM9 1009.08 199.50 33.68 25.28 3.90 0.75 1.33 1.22 4.54
MC13 805.23 77.20 43.92 52.16 2.91 -0.13 2.84 3.98 4.08
KM8 863.54 172.30 34.64  25.05 3.19 0.55 1.47 1.19 3.83
KM29 831.16 186.30 33.42 22.31 3.04 0.65 1.29 0.91 3.62
MC33 847.04 440.80 24.76  9.61 3.12 2.49 0.02 -0.40 3.60
KBC8 848.12 300.50 27.46 14.11 3.12 1.48 0.42 0.07 3.55
MC11 656.97 74.20 46.46  44.24 2.20 -0.15 3.21 3.17 3.37
MC48 753.55 187.70 30.02 16.06 2.67 0.66 0.80 0.27 3.04
MC50 625.34 113.30 38.84  27.60 2.05 0.13 2.09 1.45 2.78
KM69 626.22 110.40 36.28 28.36 2.05 0.11 1.71 1.53 2.70
MC34 663.93 277.70 27.68 11.96 2.23 1.31 0.45 -0.15 2.61
MC17 602.08 164.50 32.10 18.30 1.94 0.50 1.10 0.50 2.38
KM53 443.06 858.60 27.02 2.58 1.17 5.49 0.36 -1.12 2.28
MC28 530.82 402.30 24.20 6.60 1.59 2.21 -0.06 -0.71 1.96
MC10 524.83 147.20 30.10 17.83 1.56 0.37 0.81 0.45 1.90
MC18 535.71 183.50 25.82 14.60 1.62 0.63 0.18 0.12 1.81
KM5 457.12 115.10 32.52 19.85 1.24 0.14 1.16 0.66 1.64
KM15 427.36 657.50 19.63 3.25 1.09 4.05 -0.73 -1.05 1.63
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Table 5. (cont'd)

Genotype Actual Value Standardization Selection Index
PROD NFT FD FW PROD NFT FD FW
MC8 480.79 185.70 28.00 12.94 1.35 0.65 0.50 -0.05 1.61
MC14 376.71 61.70 40.60 30.51 0.85 -0.24 2.35 1.75 1.61
KM6 368.71 56.00 39.44 32.90 0.81 -0.28 2.18 2.00 1.55
KM13 360.68 51.90 39.42 34.73 0.77 -0.31 2.18 2.19 1.52
KM85 381.28 66.10 36.80 28.85 0.87 -0.21 1.79 1.58 1.47
KM25 354.65 56.70 39.36 31.27 0.74 -0.28 2.17 1.83 1.46
KM21 337.26 50.20 40.18 33.62 0.66 -0.32 2.29 2.07 1.42
KM65 484.52 35.50 27.24 13.93 1.37 -0.43 0.39 0.05 1.38
MC32 433.72 295.90 23.46 7.33 1.12 1.44 -0.17 -0.63 1.31
MC27 417.37 154.60 29.04 13.50 1.05 0.43 0.65 0.00 1.30
MC42 409.34 464.30 18.98 4.41 1.01 2.65 -0.82 -0.93 1.24
KM30 347.44 49.50 32.98 35.11 0.71 -0.33 1.23 2.23 1.22
KM82 310.20 25.00 26.52 62.04 0.53 -0.51 0.28 5.00 1.08
KM86 319.04 59.70 34.74 26.71 0.57 -0.26 1.49 1.36 1.06
KM63 246.85 975.30 15.14 2.48 0.22 6.33 -1.39 -1.13 1.06
MC9 361.16 127.50 28.12 14.17 0.78 0.23 0.52 0.07 0.97
KM35 314.87 66.00 33.38 23.86 0.55 -0.21 1.29 1.07 0.97
MC67 376.60 238.00 23.44 7.91 0.85 1.03 -0.17 -0.57 0.95
MC38 372.96 283.60 22.40 6.58 0.83 1.35 -0.32 -0.71 0.95
KM80 298.20 26.30 25.92 56.64 0.47 -0.50 0.19 4.44 0.94
KM71 307.99 602.00 18.89 2.56 0.52 3.65 -0.84 -1.12 0.94
KM32 297.78 63.60 33.68 23.40 0.47 -0.23 1.33 1.02 0.89
MC29 351.67 139.30 27.16 12.62 0.73 0.32 0.38 -0.09 0.88
KM73 365.40 221.90 22.68 8.23 0.80 0.91 -0.28 -0.54 0.85
KM10 272.65 58.60 35.56 23.27 0.35 -0.26 1.61 1.01 0.83
MC55 347.75 205.60 23.50 8.46 0.71 0.79 -0.16 -0.51 0.78
KM68 271.30 74.90 33.78 18.10 0.34 -0.15 1.35 0.48 0.71
MC12 367.89 53.60 21.24 20.59 0.81 -0.30 -0.49 0.73 0.70
MC19 278.19 73.80 32.16 18.85 0.38 -0.16 1.11 0.55 0.69
MC15 312.95 158.10 26.32 9.90 0.54 0.45 0.25 -0.37 0.66
KBC16 241.99 66.40 35.82 18.21 0.20 -0.21 1.65 0.49 0.64
KBC7 286.93 132.30 28.60 10.84 0.42 0.27 0.59 -0.27 0.59
MC7 304.37 152.30 25.62 9.99 0.50 0.41 0.15 -0.36 0.58
KM84 293.77 399.30 18.20 2.94 0.45 2.19 -0.94 -1.08 0.54
MC35 288.82 126.70 26.96 11.40 0.43 0.23 0.35 -0.21 0.54
MC30 302.46 264.00 20.00 5.73 0.49 1.21 -0.67 -0.79 0.48
MC68 278.95 47.50 23.82 29.39 0.38 -0.34 -0.11 1.64 0.47
KM3 233.93 47.40 30.70 24.66 0.16 -0.35 0.90 1.15 0.46
KM89 293.92 184.40 21.72 7.97 0.45 0.64 -0.42 -0.56 0.41
KM62 227.90 61.20 30.48 18.63 0.13 -0.25 0.86 0.53 0.37
MC31 274.62 215.50 21.82 6.37 0.36 0.86 -0.41 -0.73 0.35
MC71 295.88 178.50 19.00 8.29 0.46 0.60 -0.82 -0.53 0.31
KM36 197.55 44.30 32.36 22.31 -0.01 -0.37 1.14 0.91 0.31
KM70 237.40 77.80 27.84 15.25 0.18 -0.13 0.48 0.18 0.30
MC51 236.36 150.00 23.48 7.88 0.17 0.39 -0.16 -0.57 0.15
KM91 152.25 34.10 33.76 22.35 -0.23 -0.44 1.34 0.91 0.13
KBC1 181.88 54.20 30.86 16.77 -0.09 -0.30 0.92 0.34 0.13
KM24 233.30 325.30 17.20 3.59 0.16 1.65 -1.09 -1.02 0.11
MC26 225.29 130.40 24.34 8.64 0.12 0.25 -0.04 -0.50 0.11
MC46 161.10 41.20 32.52 19.54 -0.19 -0.39 1.16 0.63 0.10
KM1 159.64 40.90 31.48 19.50 -0.20 -0.39 1.01 0.62 0.06
KBC9 163.86 47.50 30.86 17.25 -0.18 -0.34 0.92 0.39 0.04
KBC21 186.43 89.40 28.42 10.43 -0.07 -0.04 0.56 -0.31 0.03
KM31 219.88 105.70 23.22 10.41 0.09 0.07 -0.20 -0.31 0.02
KM26 166.39 49.80 29.96 16.72 -0.16 -0.33 0.79 0.34 0.01
MC16 195.90 44.80 26.12 17.48 -0.02 -0.36 0.22 0.41 0.01
KARINA 106.91 93.57 21.80 13.48 -0.45 -0.01 -0.41 0.00 -0.56
MAWAR 152.75 30.23 32.08 14.73 -0.23 -0.47 1.10 0.13 -0.03
CHUNG 204.31 281.61 14.59 3.12 0.02 1.34 -1.47 -1.06 -0.20

Note: NFT: number of fruit total, FD: fruit diameter, FW: fruit weight, PROD: yield.
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diversity is an essential requirement for line
selection in augmented design. However, these
findings also require association with the
concept of heritability. The heritability value is
high (>50%) due to low environmental or
genetic diversity (Sutarman, 2013;
Mangoendidjojo, 2012). High heritability values
indicate a greater genetic influence than
environmental factors and the selection to be
more effective (Sami et al., 2013; Syukur et
al., 2015).

The selection process for these three
populations considerably showed adequate
based on the analysis of variance and
heritability. However, the use of all characters
in the selection reduces selection effectiveness,
so the yield characters and yield supporting
characters have to align with the objectives of
the breeding program as effective selection
criteria (Sabouri et al., 2008; Mustafa et al.,
2019; Anshori et al., 2021; Fadli et al., 2022;
Farid et al., 2022). Determining the character
as a selection criterion can be seen from the
magnitude of the direct influence on the main
character (Lelang, 2017). Selection criteria can
be determined based on correlation and path
analysis, with that concept also reported by
Sabouri et al. (2008), Khapte and Jansirani
(2014), Kumar et al. (2014), Mustafa et al.
(2019), and Akbar et al. (2021).

In general, correlation shows a close
relationship between two variables (As'ari,
2014). However, a significant correlation only
shows a close relationship between characters
but does not show a causal relationship.
Hence, the use of path analysis can determine
causal relationships and sort out the direct and
indirect effects (Li, 1956; Singh and Chaudary,
2010; Kumar et al., 2014; Anshori et al.,
2021; Gani et al., 1995), as well as, calculate
the characters that contributed significantly to
the increase in yield (Abdulkhaleq and Tawfiq,
2014). Still, the direct use of path analysis on
many characters becomes inefficient, and it
needs filtering with a significant correlation
analysis on yield as the main character
(Anshori et al., 2021, 2022). Both analyses
showed that character, total fruit number,
diameter, and weight directly influence yield.
Reports of these results also came from Islam
et al. (2015), Kumar et al. (2014), Ritonga et
al. (2018), Mustafa et al. (2019), Alam et al.
(2004), and Maurya et al. (2013). Therefore,
these three characters can serve as selection
criteria, with vyield, with further in-depth
analysis by the number and gene action
approach.

Relatively quantitative characters are
polygenic, hence, the genetic and
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environmental factors influence the phenotypic
pattern of a character (Oktaviani et al., 2018).
If each gene is independent, then the character
is only influenced by environmental diversity.
However, if the gene forms a dominant gene
action pattern, the phenotype pattern is more
dominated by the number of genes and their
gene action (Napitupulu and Damanhuri,
2018). Testing the value of stickiness
(skewness) and tapering (kurtosis) analyzes
the number and action of genes.

If the skewness and kurtosis tests are
not significantly different from 0, then the
distribution is normal (Sayurandi and Woelan,
2016). The normal distribution in gene action
is additive, and the additive character showed
the independent nature of alleles passed down
from generation to generation (Yudilastari et
al., 2018). However, if the skewness test
shows a significant z-test, then the population
has additional action, namely, complementary
epistasis (Zs is positive) and duplication
epistasis (Zs is negative) (Roy, 2000; Rahayu
et al., 2018). Epistasis is a complementary
meaning that the genes at different loci control
the character that interacts to produce a
certain phenotype, where genes from one locus
can mask the action of genes at other loci
(Sobir and Syukur, 2015). No absolute
inheritance of the epistasis appears because it
occurs when an interaction between alleles at
different loci happens (Sayurandi and Woelan,
2016). The presence of epistasis indicates that
there are several unstable phenotypes to be
passed on to the next generation so that
selection becomes less effective (Sulistyowati
et al., 2015).

Meanwhile, determining the number of
genes involved employed kurtosis analysis. A
kurtosis value (Zk) >3 indicates that the
character has a leptokurtic and is controlled by
a few genes. On the other hand, Zk <3 shows
the character has a platykurtic and is
controlled by many genes (Rahayu et al.,
2018). The greater the number of genes get
involved, the more complex the interaction of
genes that control the characters (Fitriani et
al., 2013). Based on the study results, the fruit
diameter became more stable for selection,
with a higher level of genetic diversity.
Therefore, the line selection will prioritize the
character of fruit diameter over the number of
fruits and fruit weight. However, the priority
value will not exceed the yield character
priority as the main character in the selection
index.

The selection index proceeds
simultaneously using selected characters based
on genetic parameters and their close
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relationship with the main characters so that
they can be compiled into an effective selection
index (Wricke and Weber, 1985). The selection
index development focuses on the selection
criteria and the weighting of each selection
criterion. In this study, setting the selection
criteria used a systematic concept to determine
the weight of each criterion. Several methods
developed for the selection index include both
subjective  (Hidayatullah et al., 2018),
objective (Anshori et al., 2021, 2022; Farid et
al., 2021, 2022), and semi-objective (Sabouri
et al., 2008; Alsabah et al., 2019). This study
considered semi-subjective weighting as a
good choice. It is due to the differences in the
gene action among the selection criteria used
while still prioritizing the character of the yield.
This concept was also used by Alsabah et al.
(2019) in selecting diploid black rice. Sabouri
et al. (2008) also developed the concept using
a direct effect on cross-section-based
weighting. However, some subjective character
weight is multiplied by two, considering the
main priority. Based on this, the concept of
Alsabah et al. (2019) can be applied in the
development of weighting, where the character
fruit diameter is multiplied by two as a stable
character. Although, using this direct influence
also needs correcting with the value of
determination (Anshori et al., 2022). The
selection index developed in this study is as
follows:

Selection index = Yield + (2 x 0.32 x 0.4034)
fruit diameter + (0.52 x 0.4034) total fruit
number + (0.29 x 0.4034) fruit weight

or

Selection index = Yield + 0.258 fruit diameter
+ 0.21 total number of fruit + 0.117 fruit

weight
The selection index showed 75
expected tomato lines, with two concepts

involved in making the selection. The first was
the comparison with control plants (Suwarno et
al., 2009; Anshori et al., 2021, 2022), while
the second was using positive values on index
values as a basis for selection (Peternelli et al.,
2017; Anshori et al., 2021; Padjung et al.,
2021). Based on the parental genotypes, the
cultivar Mawar showed good potential in
forming the F, base populations. Furthermore,
Bdr et al. (2020) and Farid et al. (2022)
reported that the cultivar Mawar was the best
parent in forming the hybrids. Therefore, these
75 lines can continue as families in the F3
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generation, especially the families generated
from cultivar Mawar as one of the parents.

CONCLUSIONS

The study developed an effective selection
index, then employed it on the F2 generation
of tomato crosses. Almost all characters
showed high genetic diversity, with potential as
selection criteria. Characters of total fruit
number, diameter, and weight showed the best
selection criteria, with vyield. The selection
index formulation resulting from this study
consists of yield + 0.258 fruit diameter + 0.21
total fruit + 0.117 fruit weight. The results of
the selection index revealed 75 promising
tomato strains for use as families in the F3
generation.
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