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ABSTRACT  Article History 

Several promising rice (Oryza sativa L.) lines derived from hybridization between Sintanur x 

PTB33 (SP) and IR64 x PTB33 (IP) have been obtained. These lines were developed by phenotypic 

screening for the brown planthopper (BPH) resistance using the Standard Seedbox Screening 

Test (SSST) and confirmation by SSR (simple sequence repeats) molecular markers. However, 

yield evaluation for these particular lines is highly required in order to evaluate performance 

and obtain the yield of F5 rice lines. The experiment was arranged in an augmented randomized 

block design for 15 genotypes as treatment and replicated 4 times of the check varieties, i.e., 

namely Sintanur, IR64, Ciherang, and Inpari13. Data analysis was performed by using the 

Analysis of Variance and the Least Significant Increase (LSI), and clustering analysis using R 

studio for agronomic, yield components, and yield. The results showed that a significant 

different of test line traits with those of the check was found on days to 50% flowering, 

productive tiller number, panicle length, grain number per panicle, and total grain yield. Line 

SP-87-25-7 had a grain weight of 16.36 g and was significantly different from IR64, Ciherang, 

and Inpari13, except for cv. Sintanur. Clustering analysis divided the genotypes into three 

clusters and the principal component analysis accounted for 70.0% of the total variations among 

the traits studied. The SP-87-25-7 was selected based on the performance to be further 

developed and registered as a new high-yielding rice line. 
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INTRODUCTION 

 

Rice (Oryza sativa L.) is a staple food for most of the 

world's population, especially in Asia, including China, 

India, and Indonesia. It is widely consumed for its grain, 

mainly by the people of western and central Indonesia. The 

population growth of 1.25% during 2010-2020 (BPS, 2021) 

is predicted to increase steadily, causing the demand for 

rice availability to be higher. This shows the need for 

strategic efforts to increase rice production and 

productivity, which is often attacked by brown planthopper 

(Nilaparvata lugens Stal; BPH). This pathogen is one of the 

main pests of rice with high population development and 

adaptability, with the potential to cause wilting and entire 

drying of plants, known as hopper burn (Stout, 2014). BPH 

attacks rice after the heading stage leading to yield losses 

of approximately 100% (Liu & Sun, 2016; Muduli et al., 

2021; Horgan & Penalver-Cruz, 2022). The piercing and 

sucking mechanism of the BPH causes hopper burn 

symptoms (Sarao & Bentur, 2016). Grassy stunts and 

ragged stunts can be transmitted through brown 

planthoppers, which act as carriers (Stout, 2014; Bao & 

Zhang, 2019; Phatthalung et al., 2022). Due to BPH attack, 

a comprehensive approach should be conducted to 

improve and maintain optimum rice productivity. 

Farmers and other stakeholders highly expect 

genotypes of rice that are resistant to BPH with high-

yielding potential. To develop rice with BPH resistance, 

hybridization has been made between cv. Sintanur (high 

yield and aromatic rice) x PTB33 (highly resistant to BPH). 

Through a breeding program, genetic recombination is 

exploited to form the genetic diversity in plant offspring 

with different gene combinations from their parents 

(Dwivedi et al., 2010). The selection  process  carried  out  in 
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the initial generation is the key to success in the breeding 

method to obtain a uniform population based on the target 

trait. Screening of resistance to BPH has been carried out on 

the F2 progeny (Carsono et al., 2016) and F3 progenies (Asri, 

2016) based on phenotypic and molecular markers. From 

previous study, 9 F4 promising lines were obtained, 

including SP-46-4, SP-87-1, SP-87-4, SP-87-22, SP-87-23, 

SP-87-24, SP-87-25, SP-87-27, and SP-87-33. These 

promising lines had an early 50% heading date and high 

yield components such as length of panicle with total 

weight of panicles compared to cv. Sintanur (parent). 

A preliminary yield trial is an important part of breeding 

program to predict the relative yield under field conditions 

(Bradshaw, 2017). Oladosu et al. (2018) and Li et al. (2019) 

carried out preliminary yield evaluation for 15 F5 promising 

lines for the traits that were correlated with yield, including 

the number of productive tillers, panicle length, and grain 

weight. Important agronomic traits that are positively 

correlated with yield can also be used as selection criteria, 

including the dates of 50% flowering time. Generally, rice 

flowering time is closely correlated with biomass, 

suggesting a potential impact on yield (Ranawake et al., 

2014; Zhu et al., 2017; Sujariya et al., 2023; Vicentini et al., 

2023). Therefore, this study aimed to assess the yield and 

valuable agronomic traits of F5 rice lines during mid-

generation stage of rice progenies. 

Yield evaluation is an essential step in the variety 

development stages for various crops including rice. 

Performing yield evaluation under field conditions assists 

identify the promising lines or hybrids as well as elite 

breeding lines that are best suited to specific growing 

environments (Zafar et al., 2025), in this case we grew rice 

promising lines located in Jatinangor subdistrict, 

Sumedang district, West Java province, which is 

categorized as the high elevation environment (553 m 

above sea level) for rice growing. This approach also helps 

determine which specific entries are adapted to and/or 

have consistent performance in the area. This information 

will be useful in future breeding strategies. 

The yield evaluation was mostly analyzed by Analysis of 

Variance (Anova), then further analyzed by Least Significant 

Increase (LSI) (Petersen, 1994) and clustering analysis, 

because of the ability to find the genotypes with a better or 

equal quality to the check varieties. In this study, cv. IR64, 

Ciherang, and Inpari13 with high-yielding potential were 

used as check varieties due to their similar appearance in 

agronomic and other traits with the tested genotypes. 

However, there is limited information on the progenies 

derived from cv. Sintanur x PTB33 and IR64 x PTB33, except 

from the studies of Afifah et al. (2020) and Hasan et al. 

(2020). From the experiment, it is expected that the F5 

genotypes have a better important agronomic trait and 

yield components than the check varieties. Jatinangor was 

selected as the location for conducting the experiment due 

to its height, located at 553 m above sea level (asl) which 

was the optimum location for rice growth and development. 

The augmented design was applied due to the limited 

number of F5 rice seeds and replication was performed for 

the check varieties. Therefore, this current article aimed to 

obtain the F5 rice genotypes with a higher yield than the 

check varieties. The selected genotypes were further 

selected for the stability and adaptability test through the 

multilocation trials to allow registration as new promising 

rice lines. 

 

MATERIALS & METHODS 

 

Location and Design of Experiment 

The experiment was conducted at the Ciparanje 

Experimental Station (553 m asl), Faculty of Agriculture, 

Universitas Padjadjaran, Jatinangor, West Java, Indonesia, 

and arranged in an augmented complete block design 

(Petersen, 1994). A total of 16 F5 rice lines were divided into 

4 blocks, each containing 9 genotypes including 4 tested 

and 5 check varieties (Sintanur, IR64, Ciherang, Inpari13, and 

PTB33). The experimental plot was 21.2 m long and 5.2 m 

wide with a 2:1 row planting system (20cm x 20cm x 40cm 

planting distance, jajar legowo). Each experimental unit in 

this study consisted of 50 plants. 

 

Observed Variables 

Yield components and traits observed were days to 50% 

flowering (days), productive tiller number, panicle length 

(cm), grain number per panicle, number of filled grains per 

panicle, number of empty grains per panicle, weight of 100 

grains (g), and total grain yield (g). The observations were 

all individuals of the F5 rice genotype and check varieties, 

comprising 50 plants in each experimental unit. 

 

Data Analysis 

The statistical analysis of variance was used to evaluate 

the genotypes in the augmented block design. In this 

design, blocks and entries refer to different treatments 

including tested (replicated) and check varieties 

(unreplicated). Subsequently, a comparison of check 

varieties and lines tested was conducted. The coefficient of 

variation (CV) was calculated using the formula proposed by 

Vanderer (2020): 

CV =  
√𝑀𝑆𝐸

𝑚𝑒𝑎𝑛
 𝑥 100% 

Remarks: MSE = means square error 

The LSI was carried out to compare the average value of the 

lines tested with check varieties using the formula proposed 

by Petersen (1994): 

𝐿𝑆𝐼 =  𝑡𝛼/2√ {𝑠2 (1 +
1

𝑏
+

1

𝑐
+

1

𝑏𝑐
)} 

Remarks: tα/2 = The value obtained from the t-student 

table α = 0,05; s2 = MSE (means square error); b = block; c 

number of the check varieties. 

The LSI value was obtained from the calculation, then 

added with the average of the check varieties’ yield. If the 

adjusted mean value (v'i = vi - bj) of treatment (lines tested) 

is greater than the LSI value plus the average of the check 

varieties’ yield, the test results are significantly different at 

the = 0.05 level.  

Cluster analysis was done by using RStudio 

(http://www.rstudio.org/). Due to weather conditions, one 

check variety, namely PTB33 had a longer vegetative phase, 

failed to reach flowering, and could not be harvested, 

leading to the removal from the analysis. 

http://www.rstudio.org/
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RESULTS & DISCUSSION 

 

High-yielding rice genotype (more than 8 tons.Ha-1) is 

expected by farmers and other users, although the 

development is not an easy task. Currently, the average 

national rice yield is approximately 5.226 to 5.285 tons.Ha-1 

is supposed to be stagnant from 2021-2023 (BPS, 2024). 

Several methods have been established to address this 

condition to improve rice yield, including breeding high-

yielding genotypes through special hybridizations like cv. 

Sintanur x PTB33 and IR64 x PTB33. Therefore, this study 

evaluated promising genotypes, which had passed through 

screening and early selection. 

The experimental results shown in Table 1 show that 

component traits support high yield. The analysis of 

variance showed that all observed traits were significant at 

a 99% confidence interval. Furthermore, there was a 

significant difference in 50% flowering time, number of 

productive tillers, panicle length, and number of grains per 

panicle. The number of filled grains per clump, empty seed 

per clump, the weight of 100 grains, and total grain yields 

were not significantly different. 

The LSI test indicated several genotypes with better 

performance than the check varieties (Table 1). Days to 50% 

flowering of all test lines ranged from 97.76 to 116.81. SP-

46-4-7 had the shortest days of 50% flowering (97.76 DAP) 

and was better than Sintanur (parent) and Ciherang. The 

flowering time was positively correlated with yield 

(Ranawake et al., 2014; Fujino, 2020). A short flowering 

period caused the biomass flow to be more concentrated in 

the generative phase, thereby supporting high yield (Endo-

Higashi & Izawa, 2011). Gao et al. (2014) found the flowering 

time and grain yield of DTH7 decreased significantly than 

Kitaake when days became shorter. These results suggested 

that DTH7 was a major QTL-underlying photoperiod 

sensitivity and grain yield in rice. A study by Gao et al. (2014) 

stated that grain yield, represented by grain number per 

panicle, was positively correlated with flowering time under 

long growing season areas. 

All the lines tested had a number of productive tillers in 

the range of 4.67-14.82 tillers/cluster. The majority of the 

tested lines were categorized into the low-productive tillers 

group (5-9 productive tillers) based on IRRI (2013). SP-87-

25-7 had a moderate productive tiller (13.10 tillers) and was 

better than the check varieties Sintanur (parent), Ciherang 

and Inpari 13. The number of productive tillers was 

positively correlated with yield. The panicle length of the 

tested genotypes ranged from 18.12-24.34 cm and was 

categorized as a medium group (15-25 cm) (IRRI, 2007). SP-

87-24-5 (24.34 cm), SP-46-4-11 (23.12 cm), and SP-87-22-

20 (22.81 cm) had the longest panicle of all test genotypes 

and the check varieties. The number of grains per panicle of 

all lines tested ranged from 104.30 to 154.79 grains. All test 

genotypes, except SP-87-23-16 and SP-87-35-60, showed a 

higher average number of grains per panicle than check 

varieties. 

SP-87-25-7 showed the highest performance on total 

grain weight (16.36 grams) and was better than the check 

varieties IR64, Ciherang, and Inpari13, except with Sintanur, 

the parent. All lines tested showed lower performance than 

the check varieties on the traits of the number of filled 

grains per panicle, empty grains per panicle, and the weight 

of 100 grains. Furthermore, all lines tested had several 

grains ranging from 104.28 to 620.50 grains. SP-87-25-7 

had the largest number of grains per panicle of all the test 

genotypes, which was 620.50 grains, although it was lower 

than check varieties. All lines tested had the number of 

empty grains per panicle ranging from 415.47-1,041.46 

grains, with SP-87-1-29 retaining the smallest number of 

empty grains and SP-87-25-7 having the largest number of 

empty grains. Range average temperature, humidity, and 

rainfall during the rice-growing season were 24°C - 26°C, 

84% - 86%, and 264.6 - 714.7 mm, respectively. Average 

humidity and rainfall were higher at the reproductive phase 

than at the vegetative phase. 

 
Table 1: Agronomic traits, yield components, and yield analyzed by LSI test 

No. Test line/Check 

varieties 

Days to 50% 

flowering (d) 

Productive 

tiller # 

Panicle length 

(cm) 

Grain # per 

panicle 

Number of filled 

grains 

Number of 

empty grains 

100 grains 

weight (g) 

Total grain 

yield (g) 

1 SP-46-4-7 97.76ac 9.80 19.64 131.07abcd 495.02 605.85 2.43 12.10 

2 SP-46-4-11 115.09 7.73 23.12abcd 154.79abcd 546.40 816.03 2.55 12.11 

3 SP-87-1-29 111.90 5.43 18.12 127.81abcd 266.73 415.57 2.55 6.13 

4 SP-87-1-55 110.44 9.94 19.54 143.96abcd 457.93 454.63 2.63 11.29 

5 SP-87-1-59 108.95 7.60 19.70 135.50abcd 445.64 783.85 2.55 10.40 

6 SP-87-4-5 107.19c 11.30c 20.65c 144.33abcd 395.44 754.36 2.61 9.44 

7 SP-87-4-16 109.77 8.35 20.34c 130.77abcd 457.80 459.86 2.46 9.51 

8 SP-87-22-20 104.11c 9.89 22.81abcd 149.21abcd 535.51 506.10 2.45 12.23 

9 SP-87-23-16 107.20c 7.46 20.42c 104.30b 430.79 486.07 2.58 10.34 

10 SP-87-24-5 116.81 6.44 24.34abcd 147.70abcd 250.40 490.06 2.55 4.47 

11 SP-87-25-7 109.45 13.10acd 20.33c 151.56abcd 620.50 1041.46 2.49 16.36bcd 

12 SP-87-25-60 108.52 12.92cd 20.32 117.60abd 564.81 647.61 2.57 13.68 

13 SP-87-27-57 101.65c 7.95 20.59c 136.48abcd 354.72 890.43 2.49 7.02 

14 SP-87-27-59 102.26c 4.67 18.25 120.38abcd 104.28 458.81 2.58 2.18 

15 SP-87-33-51 101.29c 14.82abcd 20.88c 133.92abcd 538.50 892.01 2.39 13.71 

16 IP-158-3-7 88.64abcd 9.84 18.37 98.78 192.31 400.94 2.32 6.83 

 (a) Sintanur 102.25 11.40 20.54 104.16 522.84 465.80 2.60 11.28 

 (b) IR64 99.75 11.42 19.31 93.08 507.83 557.83 2.34 10.55 

 (c) Ciherang 110.00 8.92 18.35 107.33 431.62 297.19 2.53 9.99 

 (d) Inpari13 96.50 10.21 18.98 102.68 375.45 537.06 2.56 8.42 

 LSI 5% 2.16 1.67 1.97 10.93 371.29 378.65 0.43 5.65 

Remarks: (a): significantly different with cv. Sintanur; (b): significantly different with cv. IR64; (c) significantly different with cv. Ciherang; (d) significantly different 

with cv. Inpari13. 
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The 100-grain weight of promising lines ranged from 

2.39 to 2.63 grams. Based on the classification by IBPGR-

IRRI (1980), the majority of the lines tested were 

categorized into the heavy group (> 2.5 grams). SP-87-1-

55 had the largest weight of 100 grains, which was 2.63 

grams, although it was not significantly different from 

check varieties. The LSI test demonstrated that SP-87-25-

7 performed best on several yield component traits, 

including productive tiller number, panicle length, grain 

number per panicle and total grain yield. 

Genotype SP-87-33-51 showed the best 

performance among the tested lines and the check 

varieties, with 14.82 productive tillers and categorized as 

moderate (9-15 productive tillers) (IRRI, 2013). This line 

was suggested for evaluation in the next generation for 

high-yield line. A great number of productive tillers could 

cause numerous productive panicles, although the 

development was influenced by several factors, such as 

cultivation methods (Wang et al., 2024), soil nutrient 

availability (Gu et al., 2022; Takai, 2024) and genetics (Yan 

et al., 2023; Wang et al., 2024). The productive tiller 

number of a rice plant is essential information for the 

genetic improvement of rice yields. 

According to Liu et al. (2016) and Parida et al. (2022), 

panicle length is an important trait that determines the level 

of productivity of rice variety in terms of grain yield. Long 

and excellent panicles tend to have better rice grains (Afifah 

et al., 2020; Bai et al., 2021; Ren et al., 2023). Moreover, the 

length of the panicle was positively correlated with the 

number of grains per panicle (Bhavana et al., 2021). This 

suggested that panicle length was a supporting trait for 

high-yielding potential (Bhavana et al., 2021). The number 

of grains per panicle of rice was grouped into 3 categories, 

namely a little (<100 grain), medium (100-250 grain), and a 

lot (>250 grain) (IBPGR-IRRI, 1980). Therefore, all test 

genotypes had a medium number of grains per panicle. 

The amount of filled and empty grains is largely 

determined by the plant's seed-filling ability in the process 

of translocation of photosynthate to seeds (Dhatt et al., 

2019) and changes in environmental components (Farooq 

et al., 2022). The length of the grain filling period as well as 

the difference in grain maturing time between the grain at 

the tip and the base also led to an increase in the number 

of empty grains (Afifah et al., 2020). This suggested that a 

higher number and percentage of grains correlated with 

greater productivity.  

High daily humidity and rainfall during the reproductive 

phase are environmental factors that cause the elevated 

number of empty grains in rice as observed in this 

experiment. A high percentage of humidity causes spikelet 

sterility (Jung et al., 2015). Heavy rainfall accompanied by 

strong wind causes the flooding of rice fields, which 

hampers the appearance of panicles and flowering time due 

to the disruption of respiration and photosynthesis 

processes (Rehmani et al., 2021; Su & Kuo, 2023). Strong 

wind may cause pollination failure and damage 

reproductive organs (Matsui et al., 2020), reducing rice yield. 

The weight of 100 grains and the number of grains is the 

main yield attributes, so they determine the plant's yield. 

Based on the results, SP-87-25-7 can be selected as a 

genotype with the potential to have a high yield compared 

to others. 

Clustering analysis divided the genotypes into three 

clusters as presented in Fig. 1. In the cluster 1, there were 

nine genotypes: SP-87-27-57, SP-87-1-55, SP-87-1-59, SP-

87-4-5, SP-87-22-20, SP-46-4-1, SP-87-25-60, SP-87-25-7, 

and SP-87-33-51. All check varieties were in the cluster 2, 

which covering eight genotypes: Ciherang, Inpari 13, 

Sintanur, IR-64, SP-87-23-16, SP-87-4-16, SP-46-4-7 and IP-

158-3-7,  meanwhile  cluster  3  comprised  three genotypes: 

 

 

Fig. 1: Visualization of clustering 

analysis with principal 

component analysis (PCA-Biplot) 

of 20 genotypes (16 test lines 

and 4 check varieties) and eight 

variables. Dim1 and Dim2 

represent PC1 (40.4%,) and PC2 

(29.6%) and they account for 

70.0% of total variations. 

Confidence ellipses encircle 

mean point (lines or genotypes); 

Remarks: days to 50% flowering 

(D50), grains number per panicle 

(GNpP), total grain yield (GY), 

number of empty grains (NoeG), 

number of filled grains (NofG), 

panicle length (PL), productive 

tillers number (PtN), and 100 

grains weight (W100). 
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SP-87-27-59, SP-87-1-29 and SP-87-24-5. Genotypes in 

the cluster 1 have the potential to be further developed 

since they are not in the same cluster with the check 

varieties which are the famous cultivars in Indonesia and 

other Asian countries i.e., IR-64. Genotype IP-158-3-7 

(#16) grouped in the same with its parent i.e., IR-64. This 

genotype has earlier in flowering time i.e., 88.64 as 

compared to the check cultivars (Table 1). Meanwhile, 

genotype SP-87-25-7 (#11) had good performance, 

although it has high number of empty grains (Table 1). SP-

87-33-51 was very good in number of productive tillers. 

For panicle length, genotypes SP-46-4-11, SP-87-22-20 

dan SP-87-24-5 were among the best. All test genotypes 

were good in number of grains per panicle, except SP-87-

23-16 and IP-158-3-7. Genotype SP-87-25-7 had a high 

yield compared to other test genotypes. 

In Fig. 1, it is found that the principal component 

analysis accounted for 70.0% (PC1: 40.4% and PC2: 29.6%) 

of the total variations among the traits studied. Number of 

empty grains (NoeG), number of filled grains (NofG), and 

total grain yield (GY) had high contribution to the variations 

observed, other traits with low contribution to the 

variations: days to 50% flowering (D50), panicle length (PL), 

grains number per panicle (GNpP), productive tillers 

number (PtN), and 100 grains weight (W100).  

 

Funding: The authors are grateful to BRIN (National 

Research and Innovation Agency) for supporting this 

research through the RIIM (Riset Dan Inovasi untuk 

Indonesia Maju) scheme and to the Faculty of Agriculture, 

Universitas Padjadjaran for providing the facilities. 

 

Conflicts of Interest: The authors declare no conflict of 

interest. 

 

Data Availability: All the data is available in the article. 

 

Author’s Contribution: Nono Carsono: Conceptualization, 

Methodology, Data curation, Writing Original draft, Revising 

the manuscript. Santika Sari: Conceptualization, 

Methodology, Writing Original draft. Guntur Permanaputra: 

Investigation, Methodology, Data curation, Writing – 

Original draft. Aulia Alfat: Data curation, Writing – Original 

draft. Noladhi Wicaksana: Supervision, Validation. Yudhistira 

Nugraha: Conceptualization, Methodology, Supervision. All 

authors have read and agreed to the published version of 

the manuscript. 

 

Generative AI statement: The authors declare that no Gen 

AI/DeepSeek was used in the writing/creation of this 

manuscript. 

 

Publisher’s note: All claims stated in this article are 

exclusively those of the authors and do not necessarily 

represent the views of their affiliated organizations, the 

publisher, editors, or reviewers. Any product mentioned 

or evaluated in this article, or claimed by its 

manufacturer, is not guaranteed or endorsed by the 

publisher or editors. 

REFERENCES 

 
Afifah, Z., Carsono N., Sari, S., & Anas (2020). Yield testing and family selection 

on F4 and F6 derived from Sintanur xPTB 33 dan Pandanwangi x PTB33 

grown in Jatinangor (in Bahasa Indonesia). Agrosaintek, 4(1), 28-34. 

https://doi.org/10.33019/agrosainstek.v4i1.96 

Asri, A.P. (2016). Screening of promising rice genotypes for resistance to the 

brown planthopper based on standard seed box screening test (SSST) 

and simple sequence repeats molecular marker. Thesis. Faculty of 

Agriculture. Universitas Padjadjaran.  

Bai, S., Hong, J., Li, L., Su, S., Li, Z., Wang, W., Zhang, F., Liang, W., & Zhang, D. 

(2021). Dissection of the genetic basis of rice panicle architecture using 

genome-wide association study. Rice, 14(12), 77-83. 

https://doi.org/10.1186/s12284-021-00520-w 

Bao, Y.Y. & Zhang, C.X. (2019). Recent advances in molecular biology research 

of a rice pest, the brown planthopper. Journal of Integrative Agriculture 

18(4), 716-728. https://doi.org/10.1016/S2095-3119(17)61888-4 

Bhavana, S., Ramesh, T., Rao, P.R., Naik, B.B. & Raju, Ch,D. (2021). Correlation 

studies between yield and yield attributes of elite genotypes 

transplanted under different growing environments. The Journal of 

Research Professor Jayashankar Telangana State Agricultural University 

(PJTSAU), 49 (1&2), 10-16.  

BPS (Badan Pusat Statistik) (2021). Population Census Result. Available at 

https://www.bps.go.id/pressrelease/2021/01/21/1854/hasil-sensus-

penduduk-2020.html  

BPS (Badan Pusat Statistik) (2024). Rice harvested are, production and 

productivity by province, 2021-2023. 

https://www.bps.go.id/id/statistics-table/2/MTQ5OCMy/luas-panen--

produksi--dan-produktivitas-padi-menurut-provinsi.html [Accessed 

on August 3, 2024]. 

Bradshaw, J.E. (2017). Plant breeding: past, present and future. Euphytica, 213, 

1-12. https://doi.org/10.1007/s10681-016-1815-y  

Bradshaw, J.E. (2017). Plant Breeding: Past, Present and Future. Euphytica, 

213:60. https://doi.org/10.1007/s10681-016-1815-y  

Carsono, N., Fitria, N., Sari, S., & Ruswandi, D. (2016). Characterization of grain 

quality traits of 30 rice genotypes derived from hybridization of 

Sintanur x PTB33 and Pandanwangi x PTB33 (in Bahasa Indonesia). 

Agrikultura, 31(3), 166-173. 

https://doi.org/10.24198/agrikultura.v31i3.29779  

Dhatt, B.K., Abshire, N., Paul, P., Hasanthika, K., Sandhu, J., Zhang, Q., Obata, 

T., & Walia, H. (2019). Metabolic dynamics of developing rice seeds 

under high night-time temperature stress. Frontiers in Plant Science, 10, 

1443. https://doi.org/10.3389/fpls.2019.01443  

Dwivedi, S.L., Goldman, I., Ceccarelli, S., & Ortiz, R. (2020). Advanced analytics, 

phenomics and biotechnology approach to enhance genetic gains in 

plant breeding. Advances in Agronomy, 162, 89-98. 

https://doi.org/10.1016/ bs.agron.2020.02.002 

Endo-Higashi, N. & Izawa, T. (2011). Flowering time genes Heading date 1 

and Early heading date 1 together control panicle development in rice. 

Plant and Cell Physiology, 52 (6), 1083-1094. 

https://doi.org/10.1093/pcp/pcr059 

Farooq, M.S., Khaskheli, M.A., Uzair, M., Xu, Y., Wattoo, F.M., urRehman, O., 

Amatus, G., Fatima, H., Khan, S.A., Fiaz, S., Yousuf, M., Khan, M.R., Khan, 

N., Attia, K., Ercisli, S., & Golokhvast, K.S. (2022). Inquiring the inter-

relationships amongst grain-filling, grain-yield, and grain -quality of 

Japonica rice at high latitudes of China. Frontiers in Genetics, 13:988256. 

https://doi.org/10.3389/fgene.2022.988256 

Fujino, K. (2020). Days to heading, controlled by the heading date genes, Hd1 

and DTH8, limits rice yield-related traits in Hokkaido, Japan. Breeding 

Science, 70(3), 277-282. https://doi.org/ 10.1270/jsbbs.19151 

Gao, H., Jin, M., Zheng, X., Chen, J., Yuan, D., Xin, Y., Wang, M., Huang, D., 

Zhang, Z., Zhou, K, Sheng, P., Ma, J., Ma, W., Deng, H., Jiang, L., Liu, S., 

Wang, H., Wu, C., Yuan, L., & Wan, J. (2014). Days to heading 7, a major 

quantitative locus determining photoperiod sensitivity and regional 

adaptation in rice. Proceedings of the National Academy of Sciences, 

111(46), 16337-16342. https://doi.org/10.1073/pnas.1418204111. 

Gu, P., Luo, F., Tao, W., Li, Y., Wang, D., Wu, X., Ju, X., Chao, L., Zhang, Y. (2022). 

Higher nitrogen content and auxin export from rice tiller enhance low-

ammonium-dependent tiller outgrowth. Journal of Plant Physiology, 

268, 153562. https://doi.org/10.1016/j.jplph.2021.153562 

Hasan, F.U., Sari, S., Anas, & Carsono, N. (2020). New promising rice 

genotypes of SP87-1-1-2 and SP73-3-1- 7 adaptive to lowland and 

medium land. Planta Tropica, 8(1), 21-32. 

https://doi.org/10.18196/pt.2020.110.21-32  

Horgan, F.G. & Penalver-Cruz, A. (2022). Compatibility of insecticides with rice 

resistance to planthoppers as influenced by the timing and frequency 

of applications. Insects, 13(2), 106. 

https://doi.org/10.33019/agrosainstek.v4i1.96
https://doi.org/10.1186/s12284-021-00520-w
https://doi.org/10.1016/S2095-3119(17)61888-4
https://www.bps.go.id/pressrelease/%202021/01/21/1854/hasil-sensus-penduduk-2020.html
https://www.bps.go.id/pressrelease/%202021/01/21/1854/hasil-sensus-penduduk-2020.html
https://www.bps.go.id/id/statistics-table/2/MTQ5OCMy/luas-panen--produksi--dan-produktivitas-padi-menurut-provinsi.html
https://www.bps.go.id/id/statistics-table/2/MTQ5OCMy/luas-panen--produksi--dan-produktivitas-padi-menurut-provinsi.html
https://doi.org/10.1007/s10681-016-1815-y
https://doi.org/10.1007/s10681-016-1815-y
http://dx.doi.org/10.24198/agrikultura.v31i3.29779
https://doi.org/10.3389/fpls.2019.01443
https://doi.org/10.1016/%20bs.agron.2020.02.002
https://doi.org/10.1093/pcp/pcr059
https://doi.org/10.3389/fgene.2022.988256
https://doi.org/%2010.1270/jsbbs.19151
https://doi.org/10.1073/pnas.1418204111
https://doi.org/10.1016/j.jplph.2021.153562
https://doi.org/10.18196/pt.2020.110.21-32


Int J Agri Biosci, 2025, 14(4): 637-642. 
 

642 

https://doi.org/10.3390/insects13020106  

IBPGR-IRRI (1980). Descriptors for Rice Oryza Sativa L. Manila. Phillipines. 

Available at https://cgspace.cgiar.org/handle/10568/45742. 27 Juli 

2022]. 

IRRI (2007). Descriptors for Wild and Cultivated Rice (Oryza spp.). Los Banos. 

Phillipines. Available at https://www.bioversityinternational.org/e-

library/publications/detail/descriptors-for-wild-and-cultivated-rice-

oryza-spp/. 27 Juli 2022]. 

IRRI (2013). Standard Evaluation System for Rice. Los Banos. Phillipines. 

Available at http://knowledgebank.irri.org/images/docs/rice-standart-

evaluation-system.pdf 27 Juli 2024]. 

Jung, W.S., Lee, K.J. & Lee, B.W. (2015) Responses of spikelet fertility to air, 

spikelet, and panicle temperatures and vapor pressure deficit in rice. 

Journal of Crop Science and Biotechnology, 18, 209–218. 

https://doi.org/10.1007/s12892-015-011 6-7  

Li, R., Li, M., Ashraf, U., Liu, S. & Zhang, J. (2019). Exploring the relationships 

between yield and yield-related traits for rice varieties released in China 

from 1978 to 2017. Frontiers in Plant Science, 10, 430305. 

https://doi.org/10.3389/fpls.2019.00543. 

Liu, E., Liu, Y., Wu, G., Zeng, S., Thi, T.G.T., Liang, J., Liang, Y., Dong, Z., She, D., 

Wang, H., Zaid, I.U., & Hong, D. (2016). Identification of a candidate 

gene for panicle length in rice (Oryza sativa L) via association and 

linkage analysis. Frontiers in Plant Science, 7, 1596. 

https://doi.org/10.3389/fpls.2016.00596  

Liu, X.D. & Sun, Q.H. (2016). Early assessment of the yield loss in rice due to 

the brown planthopper using a hyperspectral remote sensing method. 

International Journal of Pest Management, 62 (3), 205-213. 

https://doi.org/10.1080/ 09670874.2016.1174791 

Matsui, T., Kobayashi, K., Yoshimoto, M., Hasegawa, T., & Tian, X. (2020). 

Dependence of pollination and fertilization in rice (Oryza sativa L.) on 

floret height within the canopy. Field Crops Research, 249, 107741. 

https://doi.org/10.1016/j.fcr.2020.107741 

Muduli, L., Pradhan, S.K., Mishra, A., Bastia, D.N., Samal, K.C., Agrawal, P.K., & 

Dash, M. (2021). Understanding brown planthopper resistance in rice: 

genetics, biochemical and molecular breeding approach. Rice Science, 

28 (6), 532-546. https://doi.org/10.1016/j.rsci.2021.05.013  

Oladosu, Y., Rafii, M.Y., Magaji, U., Abdullah, N., Miah, G., Chukwu, S.C., Hussin, 

G., Ramli, A., & Kareem, I. (2018). Genotypic and phenotypic 

relationship among yield components in rice under tropical conditions. 

BioMed Research International, 89, 36767. 

https://doi.org/10.1155/2018/8936767. 

Parida, A.K., Sekhar, S., Panda, B.B., Sahu, G., Shaw, B.P. (2022). Effect of panicle 

morphology on grain filling rice yield: genetic control and molecular 

regulation. Frontiers in Genetics, 13, 876198. 

https://doi.org/10.3389/fgene.2022.876198. 

Petersen, R.G. (1994). Agricultural Field Experiments Design and Analysis. 426 

pp. New York. U.S.A. https://doi.org/10.1201/9781482277371  

Phatthalung, T.N., & Tangkananond, W. 2022. The infectivity survival and 

transmissibility of Rice ragged stunt virus from the frozen-infected rice 

leaves by the brown planthopper, Nilaparvata lugens Stal. Trends in 

Sciences, 19 (14), 5097. https://doi.org/10.48048/tis.2022.5097  

Ranawake, L., Amarasinghe, U., Hewage, M.J., & Pradeepika, N.G.J. (2014). 

Effect of days to flowering on plant height and yield of rive (Oryza 

sativa L.). International Journal of Plant and Soil Science, 3(9), 1143-

1152. https://doi.org/10.9734/IJPSS/2014/11421 

Rehmani, M.I.A., Dind, C., Li, G., Ata-Ul-Karim, S.T., Hadifa, A., Bashir, M.A., 

Hashem, M., Alamri, S., Al-Zubair F., & Ding. Y. (2021). Vulnerability of 

rice production to temperature extremes during rice reproductive stage 

in Yangtze River Valley, China. Journal of King Saud University – Science, 

33(8), 101599. https://doi.org/10.1016/j.jksus.2021/101599  

Ren, D., Ding, C., & Qian, Q. (2023). Molecular bases of rice grain size and 

quality. Science Bulletin, 68, 314-350. 

https://doi.org/10.1016/j.scib.2023.01.026  

Sarao, P.S. & Bentur, J.S. (2016). Antixenosis and tolerance of rice genotypes 

against brown planthopper. Rice Science, 23(2), 96-103. 

https://doi.org/10.1016/j.rsci.2016.02.004 

Stout, M.J. (2014). Chapter 1-Host-plant resistance in pest management. 

Integrated Pest Management: Current Concepts and Ecological 

Perspectives, 1-21.  

https://doi.org/10.1016/B978-0-12-398529-3.00002-6  

Su ,Y., & Kuo, B. (2023). Risk assessment of rice damage due to heavy rain in 

Taiwan. Agriculture, 13(3), 630-635. 

https://doi.org/10.3390/agriculture13030630. 

Sujariya, S., Jongdee, B., & Fukai, S. (2023). Estimation of flowering time and 

its effect on grain yield of photoperiod sensitive varieties in rainfed 

lowland rice in Northeast Thailand. Field Crops Research, 302, 109075. 

https://doi.org/10.1016/j.fcr.2023.109075  

Takai, Y. (2024). Potential of rice tillering for sustainable food production. 

Journal of Experimental Botany, 75(3), 708-720. 

https://doi.org/10.1093/jxb/erad422  

Vanderer, C. (2020). Introduction to research statistical analysis: an overview 

of the basics. HCA Healthcare Journal of Medicine, 1(2), 71-75. 

https://doi.org/10.36518/2689-0216.1062 

Vicentini, G., Biancucci, M., Mineri, L., Chirivı, D., Giaume, F., Miao, Y., Kyozuka, 

J., Brambilla, V., Betti, C., & Fornara, F. (2023). Environmental control of 

rice flowering time. Plant Communications, 4, 100610. 

https://doi.org/10.1016/j.xplc.2023.100610  

Wang, X., Zou, D., Li, C., Zhoud, W., Li, K., Tang, Q., Zhu, X., Li, X., & Cao, L. 

(2024). Analysis of characteristics of rice tillering dynamics influenced 

by sowing dates based on DTM. Heliyon, 10(19), e38443. 

https://doi.org/10.1016/j. heliyon.2024.e38443  

Yan, Y., Ding, C., Zhang, G., Hu, J., Zhu, L., Zeng, D., Qian, Q., & Ren, D. (2023). 

Genetic and environmental control of rice tillering. The Crop Journal, 

11(5), 1287-1302. https://doi.org/10.1016/j.cj.2023.05.009. 

Zafar, M. M., Ijaz, A., Anwar, Z., Iqbal, M. S., Zafar, S., Subhan, M., & Jiang, X. 

(2025). Harnessing genetic diversity in cotton for enhanced resilience 

against salt stress by using agro-physiological characters. Plant 

Production Science, 28(1), 51-68. 

https://doi.org/10.1080/1343943X.2024. 2439874  
Zhu, Y., Fan, Y., Wang, K., Huang, D., Liu, W., Ying, J., Zhuang, J. (2017). Rice 

flowering locus T 1 plays an important role in heading date influencing 

yield traits in rice. Scientific Reports, 7(1), 1-10. 

https://doi.org/10.1038/s41598-017-05302. 

 

https://doi.org/10.3390/insects13020106
https://cgspace.cgiar.org/handle/10568/45742
https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-wild-and-cultivated-rice-oryza-spp/
https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-wild-and-cultivated-rice-oryza-spp/
https://www.bioversityinternational.org/e-library/publications/detail/descriptors-for-wild-and-cultivated-rice-oryza-spp/
http://knowledgebank.irri.org/images/docs/rice-standart-evaluation-system.pdf
http://knowledgebank.irri.org/images/docs/rice-standart-evaluation-system.pdf
https://doi.org/10.1007/s12892-015-011%206-7
https://doi.org/10.3389/fpls.2019.00543
https://doi.org/10.3389/fpls.2016.00596
https://doi.org/10.1080/%2009670874.2016.1174791
https://doi.org/10.1016/j.fcr.2020.107741
https://doi.org/10.1016/j.rsci.2021.05.013
https://doi.org/10.1155/2018/8936767
https://doi.org/10.3389/fgene.2022.876198
https://doi.org/10.1201/9781482277371
https://doi.org/10.48048/tis.2022.5097
http://dx.doi.org/10.9734/IJPSS/2014/11421
https://doi.org/10.1016/j.jksus.2021/101599
https://doi.org/10.1016/j.scib.2023.01.026
https://doi.org/10.1016/j.rsci.2016.02.004
https://doi.org/10.1016/B978-0-12-398529-3.00002-6
https://doi.org/10.3390/agriculture13030630
https://doi.org/10.1016/j.fcr.2023.109075
https://doi.org/10.1093/jxb/erad422
https://doi.org/10.36518/2689-0216.1062
https://doi.org/10.1016/j.xplc.2023.100610
https://doi.org/10.1016/j.%20heliyon.2024.e38443
https://doi.org/10.1016/j.cj.2023.05.009
https://doi.org/10.1080/1343943X.2024.%202439874
https://doi.org/10.1038/s41598-017-05302

