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domestic production falls short of meeting the national
Published: 05 Sep 2024 carbohydrate needs, highlighting the need for improved
productivity to ensure food security. This study evaluated
doi: 10.48047/AFJBS.6.15.2024.5195-5204 eight F7 rice genotypes, derived from crosses of local and

national varieties, to identify new superior genotypes.
Conducted at the Teaching Farm Seed Technology from
May to November 2023, the experiment used a Randomized
Block Design (RBD) with eight F7 genotypes, two
comparison varieties, namely Gilirang and Pandan Wangi.
Observations included plant height, tiller number, flowering
age, panicle length, and grain yield per hill and hectare. Data
were analyzed using variance analysis with F and LSD tests
at a 0.05 significance level. Results indicated that all eight
F7 genotypes outperformed the Pandan Wangi and Gilirang
varieties. Genotypes BG2 and GB1 excelled in tiller number
and grain yield per hectare, while GB3 had the highest 1000-
grain weight. The high heritability of observed traits
confirmed the significant role of genetics in rice quality,
indicating the potential of new genotypes to boost future
productivity.
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INTRODUCTION

Rice (Oryza sativa L.) is a main food crop worldwide with increasing demand (1-3). As
an important cereal, rice is a staple food for one-third of the global population, including in
Asia. In Indonesia, it is a strategic food commodity and a priority in the development of the
agricultural sector (4,5). The cultivation has spread to almost all regions of the country, serving
as a main source of carbohydrates with an estimated consumption of approximately 30.90
million tons per year in 2023 and annual domestic production per capita exceeding 100 kg (6).
However, domestic production is still unable to meet all carbohydrate needs. This is because
the percentage rate of increase in food production, particularly rice, each year should be higher
than population growth to achieve food security (7).

The main problem in achieving food security in Indonesia is the demand for food that is
growing faster than supply. The shortage of food availability is expected to increase due to
changes in consumption patterns, conversion of rice fields to non-rice fields, and stagnation in
productivity growth because of limited genetic capacity. However, productivity capacity of
existing rice varieties is difficult to increase even when given optimal agricultural inputs. To
overcome the limited increase in productivity of existing rice varieties, there is a need to
assemble new genotypes that have superior characteristics by using genetic sources as parents
from local and national varieties.

Plant breeders at the Polinela Seed Technology Study Program have succeeded in
developing several new rice genotypes by combining parents from superior local and national
genetic sources. The results of the crosses have reached the F7 generation, with phenotypic
appearance in the F6 generation showing very superior characteristics. However, there is
concern about whether the superior phenotypic characteristics of the F6 generation will
continue to be inherited by the F7 generation. This shows the need for further analysis to ensure
that selection in the next generation is more effective in producing new superior genotypes.
Therefore, this research aimed to evaluate eight F7 rice genotypes from crosses of superior

local and national varieties to produce new superior genotypes.

MATERIALS AND METHODS

This research was conducted in the paddy fields of the Teaching Farm, Seed
Technology Study Program, Department of Food Crop Cultivation, Lampung State
Polytechnic, over a period of 7 months, from May to November 2023. The research employed

a Randomized Complete Block Design (RCBD), with treatments consisting of eight genotypes,
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namely GB1, GB2, GB3, GB4, GB5, GB6, BG1, BG2, two comparison varieties, namely
Gilirang and Pandan Wangi . The variables observed in this study were: plant height, maximum
number of tillers, number of productive tillers, harvest time, flowering time, panicle length,
number of grains, number of filled grains, number of empty grains, weight of 1000 grains, grain
yield, and productivity. The data were analyzed using analysis of variance (ANOVA) at the
5% level to determine the significant effects of the treatments. Significant results were further
tested using the Least Significant Difference (LSD) test at the 5% level.

The broad-sense heritability (h?) was calculated using the following equation:
2

6°g
The calculation of heritability values is:  h? = --------

Explanation:
hz = Broad-sense heritability value
o?g = Genetic variance value
o?p = Phenotypic variance value

Heritability (h?) is classified as follows: high if the heritability value (h?) is greater than
> 50%, moderate if the heritability value (h?) is between 20% - 50%, and low if the heritability
value (h?) is less than <20%.

RESULT AND DISCUSSIONS

Statistical analysis showed significant differences in the maximum number of panicles,
the number of productive tillers, and plant height in eight F7 generation rice genotypes. Based
on the results, genotypes BG2 and GB1 were superior with the highest maximum number of
tillers, 26.1 and 25.3, respectively. The number of productive tillers was better than other
genotypes, including Gilirang and Pandan Wangi. BG2, GB1, GB2, and GB3 showed high
potential, with a maximum range of 18.1-26.1 stems and productive tiller of 14.0-20.3 stems.
(8) stated that the diversity of genetic composition caused variation in the number of effective
tillers per plant. According to the (9), six genotypes were included in the high potential category
(20-25 tillers), while GB5 and GB6 were in the medium category (10-19 tillers). This was
supported by (10), who reported that productive tiller was among the most important yield
components since the final yield was significantly determined by the number of tiller panicles
per unit area. Plant height was found to be an essential growth parameter because it affected

characteristics contributing to yield, thereby determining grain production (8). The analysis
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results of new rice genotypes showed a higher plant height of 110.0 - 125.7 cm than the Gilirang

and Pandan Wangi, with Pandan Wangi as the lowest.

Table 2. Characteristics analysis on the maximum number of tillers, number of productive

tillers, plant height, and flowering age of eight F7 rice genotypes.

Plant Height

Maximum Number of

Number of

Genotypes Tillers Productive Tillers
(cm) (stems) (cm)
BG 2 125.7 a 26.1a 20.3a
GB1 123.4 a 25.3a 19.1a
GB?2 121.9 ab 23.1ab 16.1b
GB3 119.4 abc 20.4 bc 16.0b
GB 3.1 116.1 bcd 19.9 bc 15.3 bc
GB4 1135¢cd 19.7 bc 15.1 bc
GB5 110.2 de 18.7¢c 14.9 bcd
GB6 110.0 de 18.1c 14.0 bcd
Gilirang 107.2 ¢ 17.3¢ 13.6 cd
Pandan Wangi 84.3f1 173 ¢ 12.7d
BNT 7.0 4.0 2.3

Description: Numbers followed by the same letter in the same column show no significant
difference according to the 5% BNT test.

Early maturing plants are preferred by farmers to enable multiple planting and harvesting
approximately two or three times to maximize land potential (11). The use of earlier maturing
rice varieties is expected to enable farmers to maximize the potential of their land (12) GB6
genotype flowers the fastest, equivalent to Gilirang, while BG2 has the slowest at 83.6 days.
Furthermore, GB5 genotype flowers faster than BG2, GB1, and GB2. As shown in Table 3,
harvesting age varies significantly across genotypes, with BG2 the slowest (112.7 days) and
GB6 the fastest (108.7 days).

Table 3. Characteristics analysis of harvest age, flowering age, panicle length, number of

grains, and number of filled grains of eight F7 rice genotypes.

Genotypes  Harvest Age Flowering Panicle Amo_unt of To_tal Fillgd
Age Length Rice Rice Grain

(DAP) (Day) (cm) (Grain) (Grain)

BG 2 112.7 a 83.6a 26.6 a 228.7 a 170.2 a
GB1 111.8 ab 82.1b 26.3 ab 195.0 b 153.7 ab
GB2 110.9 bc 81.6 bc 26.,0 ab 188.1 bc 151.9 ab
GB3 110.6 bcd 80.8 bcd 25.9 ab 186.5 bcd 150.1 abc
GB 3.1 110.3 cd 80.5 cd 25.7 b 174.8 cde 140.6 bcd
GB 4 109.7 cde 80.4 cd 245 ¢ 169.3 cdef  130.5 cde
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GB5 109.5 de 80.1d 243 ¢ 167.7 def 129.8 de
GB 6 108.7 ef 785¢€ 232 d 158.9 ef 124.7 de
Gilirang 107.8 f 78.1e 23.1 de 150.9 f 118.0 ef
Pandan Wangi  107.6 f 75.2 f 22.2 € 124.3 ¢ 103.1 f
BNT 14 14 0.94 19.7 20.2

Description: Numbers followed by the same letter in the same column show no significant difference according
to the 5% BNT test.

Panicle length is one of the key traits evaluated by rice farmers in yield analysis, as
longer panicles with more grains provide greater benefits (13). In this research, genotypes BG2,
GB1, BG2, GB3, and GB3.1 had longer panicles compared to GB4, GB5, GB6, as well as
Gilirang and Pandan Wangi. Specifically, BG2 recorded the highest number of grains per
panicle with an average of 228.7 grains. BG2, GB1, BG2, and GB3 also had more filled grains
per panicle compared to GB5, GB6, Gilirang, and Pandan Wangi. Meanwhile, Gilirang and
Pandan Wangi produced fewer filled grains per panicle. GB6 genotype had the lowest number
of empty grains per panicle, while BG2 and GB1 showed the highest, affecting grains
productivity per hectare, as presented in Table 3. According (14) and (15), rice yield is the
product of the number of panicles per unit area, the percentage of grains per panicle, and the

weight of 1000 grains.

Table 4. Characteristics analysis of total empty grains, weight of 1000 grains, grain yield per

m?, and grain yield/hectare of eight rice genotypes.

Number of Weight of
Genotypes Empty Rice 1000 Rice Rice Yield/m?  Productivity/Ha-*
Grain Grains
(Grain) (9) (kg) (ton)
BG 2 585 a 26.6 e 05e 49e
GB1 57.7 a 27.7 ¢ 0.6 bc 6.5 bc
GB?2 43,1 b 255 f 0.6 de 56d
GB3 37.9 bc 252 f 0.7a 75a
GB 3.1 36.3 bc 30.3 a 0.7 ab 6.8 ab
GB4 34.2 cd 29.8 b 0.7 ab 6.8 ab
GB5 31.9 cd 27.0 d 0.6 cd 59cd
GB6 28.7 d 27.0 de 0.6 bc 6.4 bc
Gilirang 213 e 245 g 0.6 bcd 6.1 bcd
Pandan Wangi 21.1 e 26.8 e 0.6 bc 6.5 bc
BNT 7.02 0.44 0.07 0.7

Description: Numbers followed by the same letter in the same column show no significant difference according
to the 5% BNT test.

Based on the results, GB 3.1 had the highest 1000 grain weight of 30.3 g, while the
BG2 and GB3 genotypes weighed 25.5 g and 25.2 g, respectively. Gilirang showed a lighter
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weight compared to these new genotypes, while Pandan Wangi was also used for comparison
(Table 4). Higher 1000-grain weight tended to be positively correlated with grain yield per
hectare, particularly at an elevated number of grains per panicle, which contributed to increased
productivity. Eight F7 rice genotypes showed differences in grain yield productivity per
hectare. GB3 had significantly higher productivity than BG2, GB1, GB2, GB5, GB6, Gilirang,
and Pandan Wangi varieties, but was equivalent to GB3.1 and GB4. According to (8), rice grain
yield could be influenced by tillering ability. Although few tillers had the potential to reduce
the number of panicles produced, several tillers could cause high mortality, small panicle size,
poor grain filling, and decreased grain yield.

Table 5. Analysis of Heritability Estimate Values of Eight F7 Rice Genotypes

No Observed Characters 0’ 05’ g’ h?
1 Maximum Number of Tillers 5.33 10.20 8.42 0.83
2 Number of Productive Tillers 1.77 5.66 5.07 0.90
3  Max Plant Height at Leaf Tip 8.22 86.71 83.97 0.97
4  Max Plant Height at Panicle Tip 16.79 141.37 135.78 0.96
5  Flowering Age 0.67 5.54 5.32 0.96
6  Harvest Age 0.69 2.73 2.50 0.92
7  Panicle Length 0.30 241 2.31 0.96
8  Number of Grains/Panicle 132.25 785.92 741.83 0.94
9  Number of Filled Rice Grains/Panicle  138.10 394.23 348.19 0.88
10 Number of Empty Rice

Grains/Panicle 16.75 169.79 164.20 0.97
11 Weight of 1000 Grains (g) 0,07 3,49 3,47 0,99
12 Rice Grain Yield/m? (kg) 0,00 0,01 0,00 0,88
13 Rice Grain Yield/Ha (ton) 0,18 0,52 0,46 0,88

Heritability estimation is the proportion of variation that can be transmitted to tillers in
the next generation, where genetic progress measures gain during selection (13). In this
research, heritability for 12 characteristics from eight F7 rice genotypes showed values above
0.8. This showed that the phenotypic characteristics of the F7 rice and two comparison varieties
were influenced by genetic factors, as shown in Table 5. (16-18) stated that characteristics with
high heritability values were more controlled by genetic factors. According to (19, 20), high
heritability values showed that the influence of genetic factors was greater than environmental.
This was because wide genetic diversity could increase the effectiveness of selection programs
on characteristics (21).

The appearance of diverse phenotypic characteristics from eight new rice genotypes in

F7 facilitated the selection process. The value of genetic variation (cg?) which was higher than
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environmental (ce?) showed that genetic factors had a greater influence on rice characteristics.
Productivity of new rice genotypes was more influenced by genetic factors. According to (22-
24), the real genetic variability among individuals in breeding materials assisted in determining
the most efficient selection procedure. Characteristics with high heritability and genetic
progress were mostly governed by additive gene effects, making direct selection based on
phenotypic expression effective (25, 26).

CONCLUSION
Based on the results of the research conducted, the following conclusions can be drawn:

1. The analysis revealed significant differences in the maximum number of panicles,
productive tillers, and plant height among eight F7 rice genotypes.

2. BG2 and GB1 excelled with the highest maximum number of tillers, 26.1 and 25.3
respectively, and also had better productive tillers compared to other genotypes such as
Gilirang and Pandan Wangi.

3. GB3.1 recorded the highest 1000-grain weight at 30.3 g, followed by BG2 with 25.85 g
and GB3 with 25.2 g, in comparison, Gilirang had a lower weight.

4. The heritability values for 10 characteristics exceeded 0.8, indicating a strong genetic
influence.

AKNOWLEDGMENT

The researchers extend their thanks to the Lampung State Polytechnic for providing
funding through the 2022 fiscal year DIPA, and to the Research and Community Service Unit
for ensuring the smooth execution of this research, as outlined in the research grant contract
number 371/PL15/KPTS/2022.

REFERENCES

1. Santosa, I.G.N., Adnyana, G.M, and Dinata, I.K.K. (2011). Dampak Alih Fungsi Lahan
Sawah Terhadap Ketahanan Pangan Beras. Prosiding Seminar Nasional Budidaya
Pertanian. Bengkulu 7 July 2011, 1 —11.

2. Zaini, A.H., Hariyono, D, and Wicaksono, K.P. (2017). Performance of rice (Oryza sativa
L.) varieties in the rainy season and interaction with plant spacing. Bio Res, 14(3), 662 -
667.

3. Hariyono, D., and Zaini, AH. (2018). Yield of local varieties of paddy (Oryza sativa L.)
with different plant spacing in the rainy season. J. Agron, 17, 118 -122.
https://doi.org/10.3923/ja.2018.118.122



https://doi.org/10.3923/ja.2018.118.122

Eka Erlinda Syuriani /Afr.J.Bio.Sc. 6(15) (2024) Page 5202 to 10

10.

11.

12.

13.

Nugroho, K., Slamet dan Lestari, P. (2017). Keragaman Genetik 24 Varietas Padi Sawah
Dan Padi Gogo (Oryza Sativa L.) Indonesia Berdasarkan Marka Ssr. Scripta Biologica
4(1), 5-10.

Zaini, A.H., and Saitama, A. (2023). Analysis of Climate Change and It’s Effects on the
Productivity of Rice in Malang Regency. J. Agric. Sci., 8(2): 173-180. DOI
http://dx.doi.org/10.21776/ub.jpt.2023.008.2.08

Badan Pusat Statistik. (2023). Produksi, Luas Panen dan Produktivitas Padi di Indonesia
Tahun 2023. Retrieved from https://www.bps.go.id/id/pressrelease/2024/03/01/2375/pada-
2023--luas-panen-padi-mencapai-sekitar-10-21-juta-hektare-dengan-produksi-padi-

sebesar-53-98-juta-ton-gabah-kering-giling--gkg-.html

Solis, S.H.D., Rivera, R.M., Chisholm, O.0. and Alvarez, R.C. (2015). Evaluation Of New
Rice (Oryza sativa L.) Lines Obtained by Hybridizations Inside Genetic Improvement
Program  of This Crop In  Cuba. Cultivos Tropic, 36(3), 115-123.
http://dx.doi.org/10.13140/RG.2.2.27124.96645

Shrestha, J., Subedi, S, Kushwaha, U.K.S, and Maharjan, B. (2021). Evaluation of growth
and vyield traits in rice genotypes using multivariate analysis. Heliyon, 7(9), e07940.
https://doi.org/10.1016/j.heliyon.2021.e07940

Standard Evaluation System For Rice (SES). (2002). International Rice Research Institute

(IRRI). Retrieved from http://www.knowledgebank.irri.org/images/docs/rice-standard-

evaluation-system.pdf

Roy, S. K., Ali, M. Y., Jahan, M. S., Saha, U. K., Ahmad-Hamdani, M. S., Hasan, M. M.,
and Alam, M. A. (2014). Evaluation of growth and yield attributing characteristics of
indigenous Boro rice varieties. Life Sci. J., 11(4), 122-126.

Syukur, M., Sujiprihati, S. and Yunianti, R. (2012). Teknik Pemuliaan Tanaman. Jakarta:
Penebar Swadaya, 348 pages.

Prayoga, M.K., Rostini, N., Setiawati, M.R., Simarmata, T., Stoeber, S., and Adinata, K.
(2018). Preferensi Petani Terhadap Keragaan Padi (Oryza sativa) Unggul Untuk Lahan
Sawah di Wilayah Pangandaran dan Cilacap. Jurnal Kultivasi, 17(1), 523-530.
https://doi.org/10.24198/kultivasi.v17i1.15164

Hannan, A., Islam, M.M., Rahman, M.S., Hoque, M.N., and Sagor, G.H.M. (2020).

Morpho-genetic Evaluation of Rice Genotypes (Oryza sativa L.) Including Some Varieties


http://dx.doi.org/10.21776/ub.jpt.2023.008.2.08
https://www.bps.go.id/id/pressrelease/2024/03/01/2375/pada-2023--luas-panen-padi-mencapai-sekitar-10-21-juta-hektare-dengan-produksi-padi-sebesar-53-98-juta-ton-gabah-kering-giling--gkg-.html
https://www.bps.go.id/id/pressrelease/2024/03/01/2375/pada-2023--luas-panen-padi-mencapai-sekitar-10-21-juta-hektare-dengan-produksi-padi-sebesar-53-98-juta-ton-gabah-kering-giling--gkg-.html
https://www.bps.go.id/id/pressrelease/2024/03/01/2375/pada-2023--luas-panen-padi-mencapai-sekitar-10-21-juta-hektare-dengan-produksi-padi-sebesar-53-98-juta-ton-gabah-kering-giling--gkg-.html
http://dx.doi.org/10.13140/RG.2.2.27124.96645
https://doi.org/10.1016/j.heliyon.2021.e07940
http://www.knowledgebank.irri.org/images/docs/rice-standard-evaluation-system.pdf
http://www.knowledgebank.irri.org/images/docs/rice-standard-evaluation-system.pdf
https://doi.org/10.24198/kultivasi.v17i1.15164

Eka Erlinda Syuriani /Afr.J.Bio.Sc. 6(15) (2024) Page 5203 to 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

and Advanced Lines Based on Yield and Its Attributes. J Bangladesh Agril Univ, 18(4):
923-933. https://doi.org/10.5455/JBAU.9328

Garcia, G.A., Dreccer, M.F., Miralles, D.J. and Serrago, R.A. (2015). High night
temperatures during grain number determination reduce wheat and barley grain yield: a
field study. Glob Change Biol, 21(11), 4153-4164.

Li, R., Li, M., Ashraf, U., Liu, S. and Zhang, J. (2019). Exploring the relationships between
yield and yield-related traits for rice varieties released in China from 1978 to 2017. Front.
Plant Sci, 10, 543. https://doi.org/10.3389/fpls.2019.00543

Lestari, A. D., W. Dewi, W., Qosim, W. A., Rahardja, M., Rostini, N., and Setiamihardja,
R. (2006). Variabilitas Genetik dan Heritabilitas Karakter Komponen Hasil dan Hasil Lima
Belas Genotip Cabai Merah. Zuriat, 17(1): 94-102.
https://doi.org/10.24198/zuriat.v17i1.6808

Barmawi, M., Yushardi, A. and Sa’diyah, N. (2013). Daya Waris Dan Harapan Kemajuan
Seleksi Karakter Agronomi Kedelai Generasi F2 Hasil Persilangan Antara Yellow Bean
dan Taichung. J. Agrotek Tropika, 1(1), 20 — 4.

Hermanto, R., Syukur, M. and Widodo. (2017). Pendugaan Ragam Genetik dan
Heritabilitas Karakter Hasil dan Komponen Hasil Tomat (Lycopersicum esculentum Mill.)
di Dua Lokasi. J. Hort. Indonesia, 8(1), 31-38. https://doi.org/10.29244/jhi.8.1.31-38

Babu, V.R., Shreya, K., Dangi, K.S., Usharani, G. and Nagesh, P. (2012). Genetic
variability studies for qualitative and quantitative traits in popular rice (Oryza sativa L.)
hybrids of India. IJSRP, 2(6), 1-5.

Sari, W. P., Damanhuri, and Respatijarti. (2014). Keragaman dan Heritabillitas 10 Genotip
Pada Cabai Besar (Capsicum annum L.). Jurnal Produksi Tanaman, 2(4), 301 — 307.

Widyawati, Z., Yulianah, I, and Respatijarti. (2014). “Heritabilitas dan Kemajuan Genetik
Harapan Populasi F2 Pada Tanaman Cabai Besar (Capsicum annum L.). Jurnal Produksi
Tanaman, 2(3), 247-252.

Ragvendra, T, Suresh, B. G., Mishra, V. K., Ashutosh, K. and Ashok, K. (2011). Genetic
variability and character association in direct seeded upland rice (Oryza sativa). Environ
Ecol, 29(4A), 2132-2135.


https://doi.org/10.5455/JBAU.9328
https://doi.org/10.3389/fpls.2019.00543
https://doi.org/10.24198/zuriat.v17i1.6808
https://doi.org/10.29244/jhi.8.1.31-38

Eka Erlinda Syuriani /Afr.J.Bio.Sc. 6(15) (2024) Page 5204 to 10

23.

24,

25.

26.

Islam, M. Z., Akter, N., Chakrabarty, T., Bhuiya, A., Siddique, M. A. and Khalequzzaman,
M. (2018). Agro-morphological characterization and genetic diversity of similar named

aromatic rice (Oryza sativa L.) landraces of Bangladesh. Bangladesh Rice J, 22(1), 45-56.

Hannan, A., Rana, M. R. I., Hoque, M. N., and Sagor, G. H. M. (2020a). Genetic variability,
character association, and divergence analysis for agro-morphological traits of local rice
(Oryza sativa L.) germplasm in Bangladesh. J Bangladesh Agril Univ, 18(2), 289-299.
https://doi.org/10.5455/JBAU.84906

Edukondalu, B., Reddy, V.R., Rani, T.S., Kumari, C.A. and Soundharya, B. (2017). Studies
on variability, heritability, correlation and path analysis for yield, yield attributes in rice
(Oryza sativa L.). IICMAS, 6(10), 2369-2376.

Abebe T., Alamerew, S. and Tulu, L. (2017). Genetic variability, heritability and genetic
advance for yield and its related traits in rainfed lowland rice (Oryza sativa L.) genotypes
at Fogera and Pawe, Ethiopia. Adv Crop Sci Tech, 5, 272. https://doi.org/10.4172/2329-
8863.1000272



https://doi.org/10.5455/JBAU.84906
https://doi.org/10.4172/2329-8863.1000272
https://doi.org/10.4172/2329-8863.1000272

