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Abstract. Efforts that can be made in dealing with the limiting factors of rice plants are
developing local rice to get the desired character. The results of hybridization were selected to
see the superior character of the offspring based on genetic parameters. The purpose of this
study was to obtain the value of variability, heritability, and expected genetic advance in each
4th generation character [F;]. Another goal was as a selection criterion for the 4th generation
[F.] line and to get a line of promising that can be used as the next generation of promising
lines. The research activities were carried out in the Experimental Station of the Department of
Agrotechnology, Faculty of Agriculture, Fisheries and Biology, Bangka Belitung University.
This research employed an experimental method based on a single plant design with a single
factor that was 56 4th generation [F.] lines of crossed upland rice and 4 crossing elders.
Qualitative characters were analyzed by calculating the modus of the characteristics of the
whole population. Quantitative characters were analyzed by calculating variability, heritability,
expected genetic advance, and t-student tests. The results showed that the character of
flowering time, harvest time, and plant height had narrow variability, high heritability, and
high expected genetic advance. The characters used for the selection criteria of rice plants in
the 4th generation [Fs] were flowering time, harvest time, and plant height. As many as 70
lines were used as the next generation of promising lines [F;].

1. Introduction

Indonesia is currently not able to meet the rice need of its population. International rice production in
2017 reached 758.9 million kg [1]. The biggest rice production in Asia is China with 208.4 million kg.
Indonesia ranks third with a production level of 72.7 million kg. According to BPS data [2], Bangka
Belitung in 2015 produced 18,951 tons of rice. Indonesia imported 256.6 thousand tons of rice in 2017
according to Indonesian CNN data [3].

Reduced the number of rice fields in Indonesia has been the main cause of the decrease in rice
production. According to Badan Pusat Statistik [4], a decrease of around 24,000 ha rice fields in 2015
had made the total production area only remained 8,111,593 ha. The decline in rice production is also
due to extreme environmental conditions. The limiting factors for rice production in Ultisol fields are
CEC clay and low Org-C. Low Ultisol soil fertility inhibits growth and decreases the productivity of
upland rice [5] [6].

One of the efforts to overcome the decline in rice production is to utilize local rice [germplasm)].
Local rice has an adaptive characteristic in extreme environments, but its production is low. According
to Mulyaningsih and Indrayani [7], local rice from Banten is resistant to aluminum stress on Ultis
soils. According to Arinta and Lubis [8], the productivity of local Kalimantan rice cultivars is 3.86 to
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5.18 tons/ha. The local rice plant of Bangka has a plant height of more than 100 cm [9]. According to
Rusdiansyah et a/l.[10], all East Kalimantan local accession rice plants such as Kambang, Roti, Popot,
Sikin Putih, Sikin Merah, and Pudak have a harvest age of more than 120 days.

Genetic improvement can be done by crossing superior rice with local rice varieties. Rice varieties
as Inpari 10, Inpari 1 and Inpari 6 have high production potential compared to local rice. Inpari 10 rice
production is 7.1 tons/ha [11], Inpari 1 rice production is 10 tons’ha, and Inpari 6 rice production is 12
tons/ha [12]. Rice varieties also have early maturity. Upland rice varieties have a harvest age of 108 -
115 days [13] and lowland rice varieties have a harvest age of 113 days [11].

Strain selection is an important step in plant breeding after the hybridization process. Variability,
heritability, and expected genetic progress are important genetic parameters in plant breeding
programs. Variability and heritability are the standards in continuing selection [14]. Extensive genetic
variability is a prerequisite for effective selection programs [15]. According to Widyawati et al. [16],
heritability is the influence of diversity that occurs in plants due to genetics or the environment. High
heritability values indicate that the appearing diversity is more influenced by genetic factors [17],
while low heritability values indicate greater environmental influence [18]. Successful selection can be
in the form of high expected genetic advance and heritability in each generation [19].

This study aimed to obtain a superior 4th generation [F,] strain based on genetic parameter values.
The main characters are lodging resistance, early maturity, and high yield potential.

10
2. %terials and Methods
The study was conducted from January to June 2019. The research site was in the Ultisol field of the
Research Station of Bangka Belitung University in Bangka. The object of the study was 56 of 4th
generation [F,] lines of Balok Accession, MR 1512 Mutant, Banyuasin Variety, and Inpago 8 Variety.
The 56 4th generation [F,| lines were obtained from the crossing between Balok Accession with
Inpago 8, Balok Accession with Banyuasin variety, Mutant MR1512 with Inpago 8, and Mutant with
Banyuasin variety. The pedigree selection was carried out in 1680 lines in the F, and F; generations.

The study employed an experimental method. Rice was planted in single plant design. The design
was without spatial planning [single plant] or design without raetition because the seeds used were
still segregated. The experimental unit was in the form of a plot with a spacing of 25 cm x 25 ¢cm and a
plot size of 0.5 m x 3.75 m. The distance between plots was 0.5 meter and the distance between plots
in the middle was 1 meter. Each plot consisted of 30 upland rice plants so the study had 1,800 plants in
total.

The selection was done by observing the whole plant. The population of each plot was 30 plants.
The characters observed b{Pfhe Agriculture Ministry of Republic Indonesia [20]. Quantitative
characters observed included flowering age, harvest age, plant height, number of grains per clump, and
gm@veight per clump. Observation of plants and seed height was carried out at harvest time.

Data were analyzed by taking the results of the best strain modification of the quantitative
characters observed as a whole. Quantitative characters were analyzed by calculating variability,
heritability, and genetic progress.

Calculating variability begins with finding the value of genotypic ?iation, environmental
variability, and phenotypic variation. The next step was to calculate the Genotypic Coefficient of
E‘iation [GCV] and Phenotypic Coefficient of Variation [PCV]. The PCV and GCV were calculated
tollowing the procedures suggested by Nur et al. [21], thus

%PCV = [(0%,)" %) x100% where 02, = 2 [EL, (xi —p)°]

%GCV = [(r.rzg)m (f)")] % 100% where o%,= a'zp -o% and o= i (G'zpi + 0% gyt 4075, )
where, & = grand mean of the character, xi = value of plant-i, p = mean of population, N = total of
plant observed, o*= variance, crzi, = phenotypic variance, O'Zg = genotypic variance, 0% =
environmental variance, Pn= check plant-n, n = total of check plant.

[
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The analysis of the heritability [board sense] following the procedures suggested by Jameela et al.
[17], and expected genetic advance by Widyawati et al. [16].

-1
Broad Sense Heritability [H] = (0‘25) (a’zp)
where, azp = phenotypic variance, ozﬂ = genotypic variance

The cffferia of heritability value are [22] :
0 <H <0.20, Low; 0.20 <H < 0.50, Moderate; 0.50 < H < 1.00, High

Expected Genetic Advance [EGA] = [GA] [u]” x 100% where GA = 1. H.0,
where, GA = genetic advance, i = selection intensity [the value is 1.76 at 10%], H = broad sense

heritability, 0, = phenotypic standard deviation, , 1 = mean of population.

The criteria of A value are :

0<EGA<33% = low
3.3% <EGA <6.6% = quite low
6.6 % < EGA < 10% = quite high
EGA > 10% = high

3. Results and Discussion

Selection of 1680 F, lines of local accession rice and national varieties resistant to lodging had been
carried out. THgYstudy was conducted by observing quantitative characters including flowering time,
harvest time, plant height, number of grains, and weight of grain. Each character was used to
determine the variation level of phenotypes and genotypes. The calcu n included phenotypic and
genotypic variation, followed by the calculation of the Phenotypic and Genotypic Coefficient of
Variation [Table 1].

Table 1. Estimates of mean, phenotypic and genetic variability parameters.

Parameters X 0.2! azg PCV  Criteria GCV  Criteria
[%e] [%e]

Flowering time 88.34  138.08 78.88 1330 Namrow 10.05 Narrow

Harvest time 108.07 56.84 56.28 698  Narrow 6.94  Narrow

Height 76.23 125.18 49.32 1468  Namrow 9.21  Narrow

Number of grains  579.00 226224 8§9025.02 82.15  Broad 51.53  Broad
Weight of grains 18.18  211.76 113.75 80.03  Broad 58€ Broad
'V = phenotypic

X = grand mean of population, :rzp= phenotypic variance, & 2§= genotypic variance,
coefficient of variation, GCV = genotypic coefficient of variation

The PCV and GCV criteria were adjusted to the results of the five characters. The highest
percentage of PCV was 82.15% divided by four [4] criteria of narrow [0%<21%], rather narrow
[22%=43%], quite broad [44%=<65%], and broad [66%=<87%]. The percentage of GCV was obtained
by the same calculation as the percentage of PCV and the critefi§ were narrow [0%<15%]. rather
narrow [16%=<30%], quite broad [31%=45%), broad [46%=<60%]. Phenotypic Coefficient of Variation
[PCV] and Genotypic Coefficient of Variation [GCV] on three [3] observational characters, namely
flowering time, harvesting time, and p[fi§ height all resulted in the narrow criterion with PCV and
GCV value ranged from 6% to 14%. For the number of grains and weight of grains had a broad
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criterion for both PCV and GCV, in which the PCV value for several grains was 80% and for the
weight of grains was 82%, while the GCV value for several grains was 51% and for the weight of
grains was 58% [Table 1].

The observed characteristics were a reference between lines that had a uniform characteristic. The
coefficient of variance produced criteria confirming that the variation was due to the environment or
genetic of the plant [23[f) The flowering time, harvest time, and plant height all fell in the narrow
criterion, both for the Phenotypic Coefficient of Variation [PCV] and Genotypic Coeffgfpent of
Variation [GCV]. This showed that the expected lines had a uniform characteristic. The PCV and
GCV values were IdgfJJindicating the observed characteristics had narrow variation and uniform
appearance [24]. The and GCV values were low because the selection process had been done for
a long time. The low PCV and GCV values in the fourth generation [F,] affected the next generation
[Fs] in which F5 no longer needed to be selected because it had reached a uniform form [25]. Narrow
variability indicates that the plants have uniformity in flowering time, harvest time, and plant height.

Plant height had reached its maximum size because it was classified as low to moderate in hopes of
obtaining lodging resistant plants. Elders had a relatively high plant height category compared to their
offspring; this became the benchmark that the produced lines had achieved good selection. Plant
height can reach the desired stage by having an ideal plant height. Low plant height can provide a
positive impact on the level of lodging. Plants will be more robust and able to withstand the damage
caused [f@ natural factors such as wind. The resulting lines can be classified as resistant crops [26].

The number of grains and weight of grains for both PCV and GCV fell in the broad criterion, these
results indicated that the influence of the environment had made plants not uniform. Broad genetic
diversity indicates opportunities for improvement in characteristics evaluated through Election [21].
The broad criterion for GCV indicated that each line has different potential, both in the number of
grains and the weight of grains because the variation level infffach line was not stable yet. The
environment plays a role in influencing the characteristics [the number of grains and the weight of
grains| that causes the potential yield to be different in each plant. Genetic factors will not display the
traits they carry except in the presence of environmental factors required by the plant itself [27]. The
environment influences the genes governing the number and weight of grains. The characteristic of the
number and weight of grains has plural genes that allow the environment to influence the
characteristic. The environment influences the appearance of gene expression that not all genes can
express their traits in the number and weight of grains. Phenotypic variation refers to expressions
influenced by genetics, environment, and interactions between the two [28]. The broad criterion of the
number and weight of grains was a characteristic showing that the selection still needed to be done on
the production characteristic. The heritability values for the five [5] observed characteristics fell in two
[2] criteria, moderate and high. The heritability values for the number of grains and plant height were
moderate. The other characters such as flowering time, harvest time, and weight of grains fell in the
high criterion, with values ranged from 0.53 to 0.99 [Table 2].

Table 2. Estimates of heritability parameters

Parameters Heritability [broad sense] Criteria

Flowering time 0.57 High
Harvest time 0.99 High

Height 0.39 Moderate

Number of grains 0.39 Moderate
Weight of grains 0.53 High

Criteria: Low = 0 < H < 0.20, Moderate = 0.20 £ H= 0,50, High = 0.50< H=1.00
Heritability values are the potential to determi at certain lines are dominantly influenced by the

environment or genetics. High or low heritability 1s influenced by genotype variation and phenotypic
variation. The estimated value of heritability shows the proportion of genetic influence on diversity
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seen in the population compared to the influence of the environment [29]. The plant height
characteristic had a moderate heritability criterion. The heritability value of the number of grains was
0.39. The plant height had increased because the plant height was uniform for each plant. As many as
1,155 plants had a height of 60 cm to 90 cm. [9] group plant heights into three [3], namely short [<90
cm], medium [90-125 ecm], and tall [>125 cm]. The plant height characteristic had a uniform
appearance due to the controlling gene of Sd1-Sd7. These genes allow plants to have a low plant
height. The low plant height affects the level of rice lodging. Low plant height makes plants resistant
to lodging [30].

Flowering time, harvest time, and weight of grains fell into the high category and the number of
grains fell into the medium category. The high value of heritability was due to genetic influences
giving positive values to offspring. According to [31], the heritability value close to 1 expresses high
heritability and influence of genetic factors, while the heritability value close to 0 expresses low
heritability and influence of environmental factors. The flowering time, harvest time, and grain weight
are influenced by plant genetics. Plant genetics influence each characteristic to bring out good traits in
individual plants. Flowering time and harvest time were probably influenced by the Hd gene; this
allows plants to speed up the process of flowering and harvesting [32]. As many as 2,000 controlling
genes that allow the plant to express better yields influence the grain weight. These genes influence
the increase in crop production [33].

The expected genetic advance for all characteristics fell in the high criterion [Table 3]. The lowest
EGA and %EGA was for plant height EGA value is used to determine inherited characteristics. The
best individual plants were selected based on five [5] observational characteristics. The selection
results were obtained by taking a selection intensity of 5%. The selection results obtained were 70
expected lines to be used in the next generation process. The lowest flowering time was 63 days after
planting, the lowest harvest time was 91 days after planting, the plant height was 60 cm, the highest
number of grains was 3,436, and the highest weight of grains was 91.6 grams. The line with the
highest number of grains and weight was 23F-34-27 [27].

Table 3. Estimates of expected genetic advance [EGA] parameters

Parameters Mean GA EGA [%] Criteria
Flowering time 88.34 11.81 1337 High
Harvest time 108.07 13.14 12.16 High
Height 76.23 7.76 10.18 High
Number of grains 579.00 32942 5690 High
Weight of grains 18.18 13.76 75.66 High

Criteria : Low = 0 < EGA < 3.3%, quite.low =3.3% < EGA <6.6%, qLﬁte high = 6.6 %
< EGA < 10%, High=EGA > 10%

The Expected Genetic Advance [EGA] influences whether or not a selection continues. EGA is an
important component in supporting successful selection. The high value of EGA affects the success of
selection and the increase that occurs in offspring [34]. All characteristics, namely flowering time,
harvest time, plant height, number of grains, and grain weight had a high EGA value. This shows that
there was an increase in the offsprin the success of the selection process. According to [35], the
high value of EGA indicates that the character is supported by genetic factors, so it can facilitate the
progress of the selection.

Plant height had a high EGA value. The plant height had reached its peak because the plant height
had uniform EGA lines. Flowering time and harvest time had reached the early maturity crite; this
means that further selection had to be stopped because it had reached the maximum stage. The number
of grains ﬂ the weight of grains still needed to be selected to achieve uniform characteristics in each
plant. The number of grains and weight of grains had a high EGA value but still had a wide variability.
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Characteristics that have broad variability values need to be re-selected to obtain maximum results

[36].

Table 4. The number of selected rice lines.

Number Lines Modus Number Lines Modus
1 23F-34-27(3) 3 36 23A-36-24(4) 2
2 23F-34-27(27) 3 37 23A-56-13(28) 2
3 23A-56-24 (28) 3 ig 09R-51-24 (1) 2
4 191-06-09 (23) 3 i9 21B-25-21 (28) 2
3 23F-34-20(3) 3 40 21B-57-06(17) 2
6 23F-34-27 (26) 3 41 23A-56-28(24) 2
7 23F-34-16 (3) 2 42 23A-56-13(7) 2
8 23F-34-16 (29) 2 43 23F-34-16 (1) 2
9 23A-56-11(21) 2 44 23F-34-16(11) 2
10 23A-56-28(22) 2 45 23F-34-16(18) 2
11 23A-56-11(28) 2 46 23F-34-16 (21) 2
12 23F-34-16 (%) 2 47 23F-34-16 (30) 2
13 23A-56-11(4) 2 48 23A-36-11(1) 2
14 23A-56-11(9) 2 49 23A-56-11(24) 2
15 23A-56-11(23) 2 50 23A-56-28(13) 2
16 23F-34-16 (2) 2 51 23A-56-28(27) 2
17 23A-56-28(9) 2 52 23F-34-16 (6) 2
18 23A-56-28(11) 2 53 23F-34-27(1) 2
19 23A-56-28(20) 2 34 23A-56-20(28) 2
20 23A-56-28(21) 2 55 21B-25-12(25) 2
21 23F-34-11(29) 2 56 21B-25-22(16) 2
22 23F-34-16 (8) 2 57 21B-25-04 (29) 2
23 23F-34-16(10) 2 58 23F-34-27(11) 2
24 23F-34-16 (22 2 59 21B-25-12(6) 2
25 23F-34-16 (28) 2 60 21B-25-16 (24) 2
26 23A-56-28(5) 2 61 21B-25-25(5) 2
27 23A-36-28(6) 2 62 21B-40-15(3) 2
28 23A-56-28(7) 2 63 21B-25-21(2) 2
29 23A-56-28(10) 2 64 191-6-30 (20) 2
30 191-06-16 (20) 2 65 21B-25-22(24) 2
il 21B-57-06 (18) 2 66 23F-34-20(2) 2
32 23A-36-24 (30) 2 67 21B-25-25(28) 2
33 191-06-09% (10) 2 68 21B-25-12(2) 2
4 191-06-18(17) 2 69 191-6-30 (22 2
35 21B-57-04 (24) 2 70 23F-34-10(18) 2

The best-expected lines were selected based on the highest number of modes in each line. The
mode was obtained from the strains that often appeared in the 70 best lines of each characteristic.
Mode calculation was done by adding up the total lines that appeared on the five [5] quantitative
characteristics. As many as 70 lines were selected from the mode values that often appeared on the
five [5] quantitative characteristics. 26 remaining lines were having a mode value of two [2]. Line
codes having the most modes varied. However, most lines with 23F code appeared a lot. The 23F line
was the result of a cross between Balok and Inpago 8 [Table 4].

The results of this study indicated that some expected criteria had been shown in several
characteristics. These characteristics were short plant height [<90 cm], flowering time and early
harvest time [<105 days after seedling]. However, some agronomic characteristics [production] such
as several grains and the weight of grains still needed to be selected further to get stable results.
Therefore, it is necessary to test the preliminary results on the population of the 5th generation [Fs]
lines.

4, Conclusion
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17
Flowering time and harvest time had narrow variability, ggh heritability, and high Expected Genetic
Advance [EGA]. The characteristic used for rice selection in the 4th generation [Fs] was the flowering
time and harvest time. As many as 70 rice lines could be used as the next generation and the best line
was 23F-34-27 [27].
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