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ABSTRACT 

 

Oryza sativa is a promising agricultural crop and an important food source for Indonesians. The 

study aimed to assess the growth of Progenies F1 and its parents, then backcross F1×Inpago 5 to 

obtain Progenies BC1F1. This study used a randomized block design (RBD) with three groups, each 

with five replications. Each replication included three plant units for agronomic character observation. 

Backcross with three replications, each containing 15 plants from each parent F1 (♂) and Inpago 5 

(♀). The study's findings revealed that both parents' genetics influenced vegetative growth, 

specifically plant height and total number of tillers in F1. Inpago 5 (recipient parent) had the highest 

plant height and the earliest flowering age. Inpara 8 (donor parent) outperforms Inpago 5 and F1 in 

terms of number of tillers, number of productive tillers, weight of filled grain, number of grains, 

number of empty grains, weight of empty grains, weight of filled grain, percentage of filled grain and 

percentage of empty filled grain, weight of 1000 grains, and dry weight of stover. Then, F1 on 

generative variables had moderate values for the number of filled grains, weight of filled grains, 

percentage of number of filled grains, number of empty grains, weight of empty grains, percentage of 

number of empty grains, and harvest age. F1 was determined by the segregation of gene characteristics 

from its parents. Backcrossing produced 1,448 grains of grain and 1,938 empty grains from a total of 

3,386 castrated and pollinated rice flowers. The cross success rate was 42.76%. 
Keywords: dual tolerance, drought, introgression, QDTY, Sub-1 

 

INTRODUCTION 

 

Oryza sativa is a potential key agricultural 

product and food source for Indonesians. In 

2023, Indonesia produced 53.98 million tons of 

dry milled rice and harvested 10.21 million 

hectares (CSA, 2023). In 2024, Indonesia is 

expected to produce 52.66 million tons of dry 

milled rice across a harvest area of 10.05 million 

hectares (CSA, 2024). Rice production declines 

due to climate change, which increases floods 

and droughts. Early drought followed by 

submergence significantly reduces yield 

(Revannaswamy et al., 2024). Swampland rice is 

vulnerable to rainfall variability, often facing 

submergence in the vegetative stage and 

drought in the generative stage (Irmawati et al., 

2015). Due to the delay in flowering and ripening 

days and grain quantity, this twofold stress has an 

impact on plant phenology (Wening et al., 2020). 

Submergence stress causes metabolic 

disorders, oxygen deprivation under anaerobic 

conditions, and inhibited root growth, disrupting 

photosynthesis (Wang et al., 2024). Rice with the 

Sub1 gene slows development when submerged 

to conserve energy reserves (Hasmeda et al., 

2022). Rice's survival tactics under submerged 

conditions include internal aeration and growth 

control (Oladosu et al., 2020). The Sub1 gene 

enables rice to tolerate submergence by limiting 

shoot elongation, conserving energy, and 

improving recovery (Anumalla et al., 2025). 
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Shoot growth is reduced during flooding to 

conserve energy for the 10–14 day submerged 

period. (Shrirashmi et al., 2024). Drought stress 

is a significant issue in rice farming, generating 

morphological, physiological, and biochemical 

alterations that severely limit plant growth and 

productivity (Jarin et al., 2024).  

Drought stress limits growth by reducing 

biomass accumulation, chlorophyll content, cell 

turgor, and leaf water potential (Miftahudin et al., 

2020). The study's findings revealed that 

introgressing Sub1 into rice lines with drought 

resistance QTL (qDTY; QTL=quantitative trait 

loci) can result in the establishment of high-

yielding rice lines that are resistant to drought 

and submergence. 

Sub1 enhances post-drought recovery during 

the vegetative stage by reducing leaf water loss 

and lipid peroxidation, increasing ABA 

expression, and suppressing ROS production, 

thereby improving oxidative stress tolerance 

(Amjad et al., 2022). Tolerant genotypes can 

maintain or enhance biomass as well as root 

growth when stressed (Singh et al., 2014). The 

interrogation of Sub-1 and QDY has been found 

to improve survivability. Sub-1 also plays an 

important function in drought resistance (Asmuni 

et al., 2021). In prior research, F1 offspring were 

produced by crossing the Inpago 5 variety with 

the Inpara 8 variety, which had the Sub-1 gene 

and was resistant to submersion stress during the 

vegetative stage (Suwignyo et al., 2021). Inpago 

5 is the most yielding and drought-tolerant 

variety during the generative phase (Rusdan, 

2020). A backcross population is created by 

crossing the recipient parent (RP) with the donor 

parent to produce F1 accessions, which are 

subsequently crossed with the RP to form the 

first backcross generation (BC1F1). Backcross 

children carrying the target trait must be chosen 

based on the phenotype of each cross evaluation 

(Hasan et al., 2015). Backcrossed lines had much 

higher submergence stress tolerance and recovery 

rates than their parents and were used in 

recombinant selection (Adriansyah et al., 2021). 

Backcross lines showed improvements in 

agronomic parameters such as the number of 

tillers, percentage of filled grain, productive 

tillers, and percentage of tiller numbers 

(Adriansyah et al., 2022). Thus, crossing 

drought- and submergence-tolerant rice is a 

successful technique for combining multiple 

adaptive characteristics. The objective of this 

research was to examine the growth evaluation of 

F1 progenies and their parents (Inpago 5 (♀) and 

Inpara 8 (♂)) and BC1F1 offspring with dual 

drought and submerged stress tolerance features. 

 

MATERIALS AND METHODS 

 

Preparation 

Preparation comprises the following: 

preparation of planting media, planting materials, 

seedbeds, planting, plant maintenance, 

backcrossing, and harvesting. Soil samples were 

collected from non-tidal swampland in the 

Agriculture Faculty's observation area at 

Universitas Sriwijaya, Indralaya.  Plant materials 

include F1, Inpago 5, and Inpara 8 seeds. 

  

Backcrossing 

 Backcrossed F1 (♂) rice with Inpago 5 (♀) 

rice and obtained BC1F1 progenies in the 

Greenhouse of the Agronomy Study Program, 

Faculty of Agriculture, Sriwijaya University. 

Backcrossing using F1 (♂) offspring with Inpago 

5 (♀). F1 was the result of crossing Inpago 5 (♀) 

rice with Inpara 8 (♂) rice as the donor parent of 

the Sub1 (♂) gene. 

 

Variables observed in the Growth evaluation 

Variables observed include yield component 

and crossing variables. Plant height, number of 

tillers per clump, number of productive tillers per 

clump, number of grains per panicle, number of 

full grains per clump, number of empty grains 

per clump, weight of grain per panicle (g), weight 

of 1000 grains of grain (g), Weight of filled grain 

per clump, weight of empty grain per clump, wet 

weight (g), dry weight (g), percentage (%) of 

filled grain per clump, percentage of empty grain 

per clump, flowering age, harvest age, and dry 

weight of stover. The crossing variables include 

the number of filled grains, the number of vacant 

grains, the percentage of filled grains, and the 

percentage of empty grains. 

 

Data Analysis     

For agronomic character observations, this 

study used a randomized block design (RBD) 
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with three groups, each including five replicates 

of three treatments.  Backcrossing were 

conducted in three replicates, with 15 plants for 

each F1 (♂) and Inpago 5 (♀) parent. The 

collected data were examined using the analysis 

of variance (ANOVA) method. If the estimated F 

value exceeds the F table value at the 5% test 

level, it indicates that the treatment has a 

significant effect. To determine differences 

between treatments, additional testing was 

performed using the least significant difference 

(LSD) test method at the 5% test level with SAS 

software Based on the results of the diversity of 

growth evaluation and baskcrosses of F1, Inpara 

8, and Inpago 5 during generative growth, it 

showed no significant effect on the variables of 

the number of grains per hill, the number of 

grains per panicle, the number of filled grains, 

the weight of 1000 grains, and the dry weight of 

the stover. However, the treatment significantly 

affected the number of productive tillers, 

flowering age, harvest age, number of empty 

grains (grains), weight of filled grains (g), weight 

of empty grains, percentage of filled grains, and 

percentage of empty grains (%) version 9.0 

 

RESULTS 

 

Number of Tillers  

Statistically, the number of tillers differed 

considerably at 28 DAT and 42–56 DAT (Table 

3).  Inpara 8 had the largest average number of 

tillers, at 9 (Table 3).  Based on the diversity 

analysis of growth evaluation and the results of 

the F1, Inpago 5, and Inpara 8 crossings during 

vegetative growth, it had no significant effect on 

plant height variables but did significantly affect 

the number of tillers at 28 Days after 

transplanting (DAT). 

This suggests that genetic variations between 

genotypes had little influence on vertical 

development during the early vegetative phase, 

implying that plant height remained largely 

steady among genotypes under similar 

environmental conditions. However, the 

considerable variance in tiller count suggests that 

tiller production is a more sensitive indicator of 

genetic and physiological variations during 

vegetative development. A considerable increase 

in tiller number at 28, 42, and 56 DAT suggests 

hybrid vigor (heterosis) in the F₁ generation for 

the vegetative stage (Table 1). 

This suggests that genetic variation among the 

genotypes significantly influenced reproductive 

development and yield components more than it 

affected grain number or total biomass 

accumulation. The considerable influence 

observed in blooming and harvest age implies 

that each genotype has different genetic 

processes governing maturity duration and 

reproductive transition, which could be valuable 

for choosing lines adapted to specific 

environments (Table 2). 

 

Plant Height 

Plant height did not differ considerably 

amongst rice plants.  Plant height increased 

steadily each week until 70 days following 

planting (Figure 1). From 28 to 70 days after 

planting, Inpara 8 outperformed the F1 and 

Inpago 5 treatments in average height.

 
Table 1. The calculated F value and coefficient of variation of all observed vegetative variables of F1, Inpago 5, and Inpara 8 

Variables 
F value 

Coefficient of  Variation (%) 
Treatment Group 

Plant Height      
28 DAT 1.56 ns 0.91 ns 8.52 

42 DAT 4.97 ns 0.11 ns 4.88 
56 DAT 1.16 ns 1.96 ns 2.58 

70 DAT 1.58 ns 3.31 ns 3.26 

Number of Tillers      
28 DAT 73.68 ** 1.68 ns 10.37 

42 DAT 12.72 * 0.03 ns 0.03 

56 DAT 16.43 * 1.17 ns 7.88 

Note: * = significant at the level p<0.05; **= very significant at the level p<0.01; ns = not significant 
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Table 2. The calculated F value and coefficient of variation of all observed generative variables of  F1, Inpago 5, and Inpara 8 

Note: * = significant at the level p<0.05, **= very significant at the level p<0.01, ns = not significant 

 

28 DAT 42 DAT 56 DAT 70 DAT

V1 64.60 98.73 121.73 138.07

v2 71.33 105.20 124.40 144.93

v3 63.93 92.77 120.57 135.73
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Figure 1. Average height of rice at 28 HST to 70 HST of  F1, Inpago 5, and Inpara 8.Note : DAT (Days after transplanting), V1 : F1, V2 : 

Inpago 5, and  V3 : Inpara 8 

 

Table 3. Number of tillers pada evaluasi  of  F1, Inpago 5, and Inpara 8 

  Number of Tillers 

  28 DAT 42 DAT 56 DAT 

V1  2.20  b 5.00  b 6.40 b  

V2  2.87  b 5.33  b 6.93 b  

V3  5.67  a 7.73  a 9.00 a  

BNT5% 0.84   1.64                 1.33   

Note: V1: F1, V2: Inpago 5, V3: Inpara 8, Means followed with the same letters within rows are not significantly different based on the 

LSD at p<0.05 

 

Number of Productive Tillers, Flowering Age 

(Days) and Harvest Age (Days) 

Statistically, the number of productive tillers, 

flowering age, and harvest age all had a 

significant impact on each rice.  Inpara 8 had the 

most productive tillers, averaging 10.13, while F1 

had the fewest, averaging 5.93.  Inpara 8 had the 

longest flowering age, averaging 77.67, while 

Inpago 5 had the shortest, an average of 70.93.  

Inpago 5 had the highest harvest age, averaging 

124.87, while Inpara 8 had the smallest harvest 

age, an average of 115.20 (Table 4). 

This study shows that Inpara 8 has higher 

vegetative vigor and tillering capacity, both 

essential for prospective yield development. The 

reduced number of tillers in F₁ may indicate 

partial dominance or unstable genetic 

segregation.The intermediate flowering time of 

F₁ reflects a mix of both parental traits, allowing 

for considerable flexibility. Inpara 8 finishes its 

growth cycle faster. In contrast, Inpago 5's longer 

Variables 
F value 

Coefficient of  Variation (%) 
Treatment Group 

Number of Productive Tillers 34.94 ** 1.97 ns 8.39 

Flowering Age (Days) 63.92 ** 0.22 ns 0.98 

Harvest Age (Days) 277.00 ** 0.63 ns 0.42 

Wet Weight of Grain (g) 11.56 * 4.87 ns 11.85 

Dry Weight of Grain (g) 11.57 * 4.07 * 16.98 

Number of Filled Grain (Grains) 2.38 ns 2.48 ns 24.94 

Number of Grains per Panicle (Grains) 34.23 ns 3.5 ns 4.16 

Number of Filled Grain (Grains) 4.59 ns 1.64 ns 16.47 

Number of Empty Grain (Grains) 18.35 ** 1.83 ns 15.91 

Weight of Filled Grain (g) 556.48 ** 26.23 ** 1.03 

Weight of Empty Grain (g) 40.89 ** 2.21 ns 8.19 

Percentage of Filled Grain (%) 87.15 ** 0.62 ns 3.08 

Percentage of Empty Grain (%) 87.15 ** 0.62 ns 5.58 

Weight of 1000 Grains (g) 0.31 ns 9.46 * 0.75 

Dry Weight of Biomassa (g) 1.96 ns 1.08 ns 16.33 
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growth time allows for sustained photosynthetic 

activity and biomass accumulation. 

 

Wet Weight of Grain (g), Dry Weight of Grain 

(g), Number of Grains per Clump (Grains), 

and Number of Grains per Panicle (Grains) 

Statistically, both the wet and dry weights of 

grain had a significant effect on each plant.  

Inpara 8 had the largest wet weight of grain, 

averaging 29.60, while F1 had the lowest weight, 

averaging 18.63. Inpara 8 had the largest dry 

weight of grain, averaging 16.63, while F1 had 

the lowest, averaging 1240.20. The amount of 

grains per hill and per panicle had no significant 

impact on either plant.  Inpara 8 had the most 

grains per hill, with an average of 1867.80, while 

F1 had the least weight, averaging 1240.20.  

Inpara 8 had the most grains per panicle, 

averaging 200.17, while F1 had the fewest, an 

average of 150.89 (Table 5). These findings show 

that Inpara 8 is more efficient at partitioning and 

translocating assimilates to grains during the 

reproductive stage, resulting in greater dry matter 

accumulation. Inpara 8's increased grain mass 

suggests greater sink capacity and photosynthetic 

activity compared to Inpago 5 and F₁. The poorer 

performance of F₁ in both grain weight and grain 

number parameters may indicate that the 

heterosis effect was not completely realized in 

the first filial generation. 

 

Number of Filled Grain (Grains), Number of 

Empty Grain (Grains), Weight of Filled Grain 

(g), and Weight of Empty Grain (g) 

 Statistically, the quantity of empty grains, 

weight of filled grains, and weight of empty 

grains varied substantially between plants.  The 

Inpago 5 treatment had the most empty grains 

658.50, while Inpara 8 had the fewest 297.67. 

Inpara 8 had the highest filled grain weight 

56.03, while Inpago 5 had the lowest weight 

43.49. The quantity of grains did not differ 

considerably between the plants.  The Inpara 8 

treatment had the most full grains 1008.30, 

whereas Inpago 5 had the fewest 712.00.  The 

Inpago 5 treatment had the highest empty grain 

weight, averaging 8.59, while Inpara 8 had the 

lowest, averaging 3.62 (Table 6). Overall, the 

results show that Inpara 8 had the best features in 

terms of filled grain weight, while Inpago 5 

performed poorly. The F₁ hybrid had 

intermediate results, indicating partial inheritance 

of beneficial features from both parents. 

 

Percentage of Filled Grain (%), Percentage of 

Empty Grain (%), Weight of 1000 Grains (g), 

and Dry Weight of Biomassa (g) 

Statistically, the percentages of filled and 

empty grain had a significant effect.  Inpara 8 had 

the largest proportion of full grain, averaging 

74.92, while Inpago 5 had the lowest percentage, 

an average of 53.567. Inpago 5 had the highest 

percentage of empty grain, with an average 

weight of 1000 grains, and the stover's dry 

weight had no significant effect.  Inpara 8 had the 

highest 1000 grain weight, averaging 24.97, 

while F1 had the lowest weight, an average of 

24.49. Inpara 8 had the highest biomass dry 

weight, averaging 27.19, while F1 had the 

lowest, averaging 21.07 (Table 7). The results 

revealed that the percentages of filled and empty 

grains varied dramatically among the three 

genotypes, showing a major genetic influence on 

grain-filling capacity. Inpara 8 had the highest 

proportion of filled grains and the lowest 

percentage of empty grains, indicating better 

fertilization effectiveness and assimilate transfer 

than Inpago 5 and F₁. Although the weight of 

1000 grains and dry biomass did not differ 

considerably, Inpara 8 consistently had the 

highest numerical values for both parameters, 

indicating superior physiological performance 

and resource use. Thus, Inpara 8 showed 

excellent reproductive and developmental traits. 

 

Observed Variables in Backcrossing Number 

of Filled Grains and Number of Empty Grains 

All of the crossed rice yielded 1448 full 

grains and 1938 empty grains from 3386 

castrated and pollinated rice blossoms. The 

effectiveness of fertilization and grain filling in 

backcross generation was moderate. The 

comparatively high frequency of empty grains in 

the backcross generation could be attributable to 

a variety of physiological and genetic causes. 

Incomplete fertilization or incompatibility 

between parental lines may have lowered embryo 

development success rates. Environmental stress 

during flowering, such as variable temperature or 

humidity, may also have affected pollen viability 
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and stigma receptivity, resulting in inadequate 

fertilization (Figure 2). 

 

Percentage of Filled Grain and Percentage of 

Empty Grain 

The percentage of filled grain or successful 

crossbreeding was 42.76% of the grains created, 

while the percentage of empty grain was 57.24% 

of the grains that did not form. Furthermore, 

reduced assimilate transfer during the grain-

filling stage may have led to empty grain 

production, as developing seeds compete for 

available carbohydrates.  These data indicate that, 

while the backcrossing method produced viable 

grains, more improvements in genetic 

compatibility, flowering synchrony, and nutrient 

allocation efficiency are required to improve 

reproductive success and yield stability of the 

progenies (Figure 2). 

 
Table 4.  Number of productive tillers, flowering age (days), and harvest age (days) of  F1, Inpago 5, and Inpara 8 

  Number of Productive Tillers Flowering Age (Days) Harvest Age (Days) 

V1 5.93 b  74.00 b  120.33 b  

V2 6.93 b  70.9 c  124.87 a  

V3 10.13 a  77.67 a  115.20 c  

BNT5%               1.46              1.66              1.14   

Note: V1: F1, V2: Inpago 5, V3: Inpara 8, Means followed with the same letters within rows are not significantly different based on the 

LSD at p < 0.05 

 
Table 5.  Wet weight of grain (g), dry weight of grain (g), number of grains per clump and number of grains per panicle (grains) of  F1, 

Inpago 5, and Inpara 8 

Note: V1: F1, V2 Inpago 5, V3: Inpara 8, Means followed with the same letters within rows are not significantly different based on the 

LSD at p < 0.05 

 
Table 6. Number of filled grain (Grains), number of empty grain (Grains), weight of filled grain, and weight of empty grain (g) of  F1, 

Inpago 5, and Inpara 8 

  
Number of Filled Grain  

(Grains) 

Number of Empty Grain  

(Grains) 

Weight of Filled Grain  

(g) 

Weight of Empty Grain 

(g) 

V1 729.00 a  433.33 b  49.79 a  6.83 b  

V2 712.00 a  658.50 a  43.49 c  8.59 a  

V3 1008.30 a  297.67 b  56.03 b  3.62 c  

BNT5%       304.90            167.06        1.09         1.55   

Note: V1: F1, V2: Inpago 5, V3: Inpara 8, Means followed with the same letters within rows are not significantly different based on the 

LSD at p < 0.05 

Table 7. Percentage of filled grain (%), percentage of empty grain (%), weight of 1000 grains (g), and dry weight of biomassa (g) of  

F1, Inpago 5, and Inpara 8 

Note: V1: F1, V2: Inpago 5, V3: Inpara 8, Means followed with the same letters within rows are not significantly different based on the 

LSD at p < 0.05 

 

 

  

  
Wet Weight of Grain             

(g) 

Dry Weight of Grain 

(g) 

Number of Grains per 

Clump 

Number of Grains per 

Panicle (Grains) 

V1 18.63 b  8.85  b 1240.20 a  150.89 c  

V2 22.97 b  10.85  b 1370.30 a  182.94 b  

V3 29.60 a  16.63  a 1867.80 a  200.17 a  

BNT5%      6.37      4.66          843.90       16.78   

 Percentage of Filled Grain (%) Percentage of Empty Grain (%) Weight of 1000 Grains (g) 
Dry Weight of Biomassa 

(g) 

V1 64.87 b  35.13 b  24.49 a  21.07 a  

V2 53.57 c  46.43 a  24.69 a  26.15 a  
V3 74.92 a  25.08 c  24.97 a  27.19 a  

BNT5%          4.49           4.49          1.70       9.18   
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Figure 2. Number and % of filled grains empty grains from backcrossing result

DISCUSSION 

 

Agronomic Characteristics 

Current rice breeding progress is centered on 

reaching appropriate rice height, making plant 

height an important factor in plant breeding 

efforts.  This is because plant height determines 

the amount of lodging a plant exhibits. The 

average plant height at 70 days following 

planting ranged between 135.73 and 144.93 cm 

(Figure 1).  IRRI (2013) defines upland rice plant 

height using the Rice Standard Evaluation 

System as short (<90 cm), medium (90–125) cm, 

and tall (>125 cm).  The average observed plant 

height ranged from 135.73 to 144.93 cm, 

demonstrating that tall plants are susceptible to 

lodging if not supported by a strong stem 

structure (Aswidinnoor et al., 2023). 

The average F1 value for plant height was 

lower than those for Inpago 5 and Inpara 8.  

Short plants are a standard for rice quality.  

Plants with too tall stems are prone to topple 

over, whereas shorter plants are typically more 

resistant to wind or rain pressure (Djurhuus et al., 

2025). The F1 mean was lower than that of 

Inpago 5 and Inpara 8, showing that the crosses 

produced offspring with more moderate stem 

size, which supports possible lodging resistance.  

Modern breeding tries to optimize plant height to 

balance growth and stress resistance by applying 

genetic haplotypes that govern plant height, so 

ensuring optimal production while avoiding 

excessive lodging (Quan et al., 2024). 

Table 3 shows the average number of tillers 

per rice plant.  The number of tillers per rice 

plant is divided into three categories: few (<10), 

moderate (11–15), many (16–20), and very many 

(>20). The observations indicate that the total 

number of tillers observed falls into the low tiller 

group (<10). The quantity of tillers is heavily 

influenced by genetic and environmental factors 

like as rainfall, cultivation practices, planting 

distance, and nutrient availability. The quantity 

of tillers is determined by the formation and 

growth of tiller shoots (Quan et al., 2024). 

Not all rice tillers will become productive.  

Total tillering affects the number of productive 

tillers.  Differences in the number of tillers 

produced during the vegetative phase are 

impacted more by the plant's genetic features or 

by the sensitivity of the variety and promising 

line to environmental conditions. Nonproductive 

tillers are one of the factors influencing yield.  

The more non-productive tillers there are, the 

more humid the microclimate becomes, making 

pests and diseases more likely to thrive.  The 

Inpara 8 treatment had the most productive 

tillers, with an average of 10.13; the F1 treatment 

had the fewest, with an average of 5.93 (Table 4).  

The number of productive tillers determines the 

number of grains per plant, and consequently the 

production yield; the more productive tillers, the 

higher the output (Purwanto et al., 2023). 

The number of grains per panicle is an 

indicator of rice plant yield; the more grains per 

panicle, the higher the yield. The average number 

of complete grains in the observations ranged 

between 712.00 and 1008.30 grains.  The Inpara 

8 treatment yielded the most loaded grains.  In 

general, the number of grains per panicle is 

determined by two elements: genetics, such as 

the number of leaves, and environmental factors, 

42.76 57.24 
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such as low temperatures and limited light 

availability during panicle formation. According 

to agronomic evaluation, the number of 

productive tillers, panicle length, and percentage 

of full grain all have a significant impact on grain 

yield per panicle (Das et al., 2022). Pests and 

diseases can cause a decrease in the amount of 

complete grains in certain plants.  Pest and 

disease attacks can contribute to whole grain loss, 

resulting in discolored and chalky rice (Chen et 

al., 2021). The average weight of whole grain 

ranged between 43.49 and 56.03 g.  The Inpara 8 

treatment had the highest average whole-grain 

weight, at 56.03 g.  Grain weight is heavily 

regulated by post-flowering factors such as leaf 

number, photosynthate availability, and weather. 

This will alter the amount of carbohydrates 

produced by photosynthesis, as well as the grain's 

shape and size. The form of the grain influences 

the resulting grain weight (Elvina et al., 2023). 

Round and large grains will have a higher weight 

than oval and flat grains. Grain weight is greatly 

influenced by the efficiency of grain filling after 

flowering. Varieties with tolerance to water stress 

are able to maintain photosynthates during the 

grain filling phase, resulting in higher grain 

weight (Amjad et al., 2022). 

The average weight of empty grain ranges 

between 3.62 and 8.59.  Inpago 5 has the largest 

empty grain weight 8.59 g, while Inpara 8 has the 

lowest weight 3.62 g (Table 6). The number of 

empty grains is regulated by both hereditary and 

non-genetic causes, and emptiness in new rice 

varieties is generated by an imbalance between 

sink and supply. The rice grain is the 

economically valuable section of the rice plant.  

The rice plant's efficacy is determined by the 

grain weight to total biomass ratio, which is 

regulated by photosynthesis results absorbed into 

the grain (Kumar et al., 2018). 

Inpara 8 had the highest average 1000-grain 

weight at 24.97. The data is shown (Table 6)  The 

100-grain weight is proportional to the quantity 

and size of grains; the larger the grain size, the 

higher the 100-grain weight. The greatest 1000-

grain weight of Inpara 8 grain has a favorable 

correlation with grain size and yield (Mohanavel 

et al., 2024). Large grain size is a trait of 

excellent cultivars that promotes high yield since 

it shows good carbohydrate buildup (Wu et al., 

2021). 

F1 progeny from crossings between various 

lines exhibit heterosis for several agronomic 

parameters, including plant height, stalk height, 

number of productive tillers, grain count per 

panicle, and grain weight per hill. The size of the 

growth varies. Heterosis in F1 rice is caused by 

heterozygosity, which combines complementary 

alleles from both parents. Selecting genetically 

compatible parental pairings increases the 

likelihood of obtaining F1 with high vigor (Gu et 

al., 2023). Changes in each component are 

determined by the combination of parental 

abilities and genetic background (Tao et al., 

2016). Rice breeding selects homozygous 

individuals with the desired gene combination to 

ensure stability in the next generation, despite the 

fact that F1 is typically heterozygous (Zhou et al., 

2012). 

Allelic recombination causes significant 

phenotypic segregation in F1, leading to varied 

trait distribution. This shows that high F₁ yields 

do not necessarily sustain without a selection 

procedure (Dan et al., 2015). Stress can cause 

heterosis in F1, but this is not always the case. 

The stability of tolerance is determined by the 

parents' genetic features as well as the 

complexity of the tolerance trait (polygenic). In 

addition, genes and the environment play 

important roles (Gu & Han, 2024). The 

agronomic resemblance of offspring to male or 

female parents is determined by genetic factors 

such as additivity, dominance, and epistasis. If a 

trait is governed by additive genes, the kids will 

typically fall somewhere between the male and 

female parents. If dominance exists, offspring 

will be more similar to the parent with the 

dominant allele (Shen et al., 2014). 

The heritability of plant height, productive 

tillers, panicle weight, and number of grains per 

panicle suggests that these traits can be utilized 

as selection criteria in breeding rice that is 

tolerant to submergence stress (Aparajita et al., 

2016). Sub1 helps to slow down chlorophyll 

breakdown during immersion, allowing plants to 

photosynthesize while light is still available 

(Suwetha et al., 2025). Variables in vegetative 

growth, such as plant height and total number of 

tillers, reveal that F1 is influenced by both 
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parents' DNA. Compared with Inpara 8 and F1, 

Inpago 5 (receiving parent) has the greatest plant 

height and the earliest flowering age. Inpara 8 

(donor parent) has the highest values in the 

variables of number of tillers, number of 

productive tillers, weight of filled grain, number 

of grains, number of empty grains, weight of 

empty grains, weight of filled grain, percentage 

of filled grain, percentage of empty filled grain, 

weight of 1000 grains, and dry weight of stover 

compared to Inpago 5 and F1. Then F1 analysis 

revealed moderate values for the following 

generative variables: number of filled grains, 

weight, percentage of filled grains, number of 

empty grains, weight, percentage of empty 

grains, and harvest age.  This suggests that F1 

showed the segregation of gene characteristics 

from its parents. 

 

Backcrossing  

All crossed rice produced 1448 full grains and 

1938 empty grains from a total of 3386 castrated 

and pollinated rice blossoms. The percentage of 

successful cross-breeding was 42.76% of the 

grains produced. Cross-breeding success was 

determined by flower condition as well as the 

cross-breeder's precision and ability. Cross-

pollination is also influenced by environmental 

conditions like as high temperature and low 

humidity, as well as light intensity and wind 

speed.  Rain often occurs during cross-

pollination, causing high cross-pollination failure 

due to high humidity.  The success rate for 

manual backcrossing is typically between 30 and 

50%, depending on anthesis synchronization and 

pollen viability (Mohanavel et al., 2024). The key 

element impacting this success is the short pollen 

viability time of approximately 30 minutes 

following dehiscence, which means that delayed 

pollination can diminish the success rate (Wu et 

al., 2021). 

High grain yield and low fertile pollen yield 

are caused by both damaged male and female 

gametes.  If the female gametes are healthy, more 

viable seeds can be generated.  The low success 

rate of crossbreeding is strongly linked to flower 

condition.  These include flower drop before or 

after fertilization, insufficient pollen production, 

non-viable pollen, male sterility, and self-

incompatibility. Several factors influence rice 

flower crossing and fertilization, including the 

timing of female receptivity and male anthesis. 

The pistil receptivity time in rice flowers ranges 

between 3 and 7 days. Under typical conditions, 

pollen viability begins to fade within 5 minutes 

of dehiscence from the anther, and is totally lost 

within 30 minutes. Other considerations include 

the crossbreeder's lack of experience, 

compatibility between the two parents, and the 

timing of the crossbreeding. Efforts to combine 

submergence tolerance via the Sub1 gene from 

Inpara 8 and drought tolerance via Inpago 5 are 

critical in dealing with climate variability in the 

swamp ecosystem. Adding Sub1 to the drought 

tolerance QTL qDTY improves yield stability 

under stress circumstances (Asmuni et al., 2021). 

 

CONCLUSION 

 

The study's findings revealed that both parents' 

genetics influenced vegetative growth, 

specifically plant height and total number of 

tillers in F1. Inpago 5 (the recipient parent) had 

the highest plant height and the earliest flowering 

age when compared to Inpara 8 and F1. Inpara 8 

(donor parent) has the highest value in the 

variables of number of tillers, number of 

productive tillers, weight of filled grain, number 

of grains, number of empty grains, weight of 

empty grains, weight of filled grain, percentage 

of filled grain, percentage of empty filled grain, 

weight of 1000 grains, and dry weight of stover 

when compared to Inpago 5 and F1. F1 analysis 

revealed moderate values for the following 

generative variables: number of filled grains, 

weight, percentage of filled grains, number of 

empty grains, weight, percentage of empty 

grains, and harvest age. This suggests that F1 

showed the segregation of gene characteristics 

from its parents.  F1 plants were used for the first 

generation backcross (BC1F1). Backcrossing 

resulted in 1448 full grains and 1938 empty 

grains from a total of 3386 castrated and 

pollinated rice flowers. The crossing was 

successful with 42.76% of the grains produced.  

The findings (BC1F1) were molecularly chosen 

using the Marker-Assisted Backcrossing 

(MABC) approach to obtain the best plants with 

the Sub1 gene and agronomic characteristics 

most similar to Inpago 5 for further investigation. 



214 Aulia et al.: Growth evaluation of F1 progenies 

 

ACKNOWLEDGEMENT 

  

The authors would like to thank and appreciate 

anonymous reviewers and editors of Kultivasi 

Journal for their meaningful comments and 

suggestions. We deeply appreciate the Ministry 

of Education, Culture, Research and Technology 

who has funded this research under research 

scheme of national competitive program research 

fiscal year 2022 No.142/E5/PG.02.00.PT/2022 

with DIPA No. SP DIPA-023.17.1.690523/2022. 

 
REFERENCES 

 
Adriansyah, F., Hasmeda, M., Suwignyo, R. A., Halimi, E. S., 

Fatimah, Wibisono, I., & Sarimana, U. (2022). Selection of 

sub1 locus for submergence-tolerant introgression in a 

backcrossing of south sumatra rice based on ssr markers. 

Sains Malaysiana, 51 (3), 695–706. 
https://doi.org/10.17576/jsm-2022-5103-05 

Adriansyah, F., Hasmeda, M., Suwignyo, R. A., Halimi, E. S., & 

Sarimana, U. (2021). Improvement of the submergence stress 

tolerance of local south sumatran rice through the 
introgression of the sub1 gene by using marker-assisted 

selection. Sabrao Journal of Breeding and Genetics, 53 (4), 

575–591. https://doi.org/10.54910/SABRAO2021.53.4.3 

Amjad, I., Kashif, M., Dilshad, R., Javed, M. A., Aziz, S., Khalid, 
M. N., Shakeel, A., Tahir, F., Riaz, M., & Saher, H. (2022). 

Submergence tolerance regulator, sub1a: convergence of 

submergence and drought response pathways in rice. J. Glob. 

Innov. Agric. Sci, 10 (4), 191–199. 
https://doi.org/doi.org/10.22194/JGIAS/10.1009 

Anumalla, M., Khanna, A., Catolos, M., Ramos, J., Ma, M. T., 

Venkateshwarlu, C., Konijerla, J., Pradhan, S. K., Dash, S. K., 

Das, Y., Chowdhury, D., Chetia, S. K., das, J., Nath, P., 
Merugumala, G. R., Roy, B., Pradhan, N., Jana, M., Dana, I., 

Hussain, W. (2025). Future flooding tolerant rice germplasm: 

Resilience afforded beyond Sub1A gene. Plant Genome, 18 

(2), 1–19. https://doi.org/10.1002/tpg2.70040 
Aparajita, Singh, Mukul, Megha Joshi, Mukh Ram, M. A. A. P. 

K. S. (2016). Screening and evaluation of rice cultivars for 

submergence screening and evaluation of rice cultivars for. 

The Ecoscan, 9 (1 & 2)(January 2015), 255–259.  
Asmuni, M. I., Noraziyah, A. A. S., & Wickneswari, R. (2021). 

Incorporating Drought and submergence tolerance qtl in rice 

(Oryza sativa L.) the effects under reproductive stage drought 

and vegetative stage submergence stresses. Plants, 10, 225. 
https://doi.org/doi.org/10.3390/plants10020225 

Aswidinnoor, H., Listiyanto, R., Rahim, S., Holidin, Setiyowati, 

H., Nindita, A., Ritonga, A. W., Marwiyah, S., & Suwarno, 

W. B. (2023). Stability analysis, agronomic performance, and 
grain quality of elite new plant type rice lines (Oryza sativa 

L.) developed for tropical lowland ecosystem. Frontiers in 

Sustainable Food Systems, 7. 
https://doi.org/10.3389/fsufs.2023.1147611 

Chen, K., Łyskowski, A., Jaremko, Ł., & Jaremko, M. (2021). 

Genetic and molecular factors determining grain weight in 

rice. Frontiers in Plant Science, 12 (July), 1–20. 
https://doi.org/10.3389/fpls.2021.605799  

CSA (Central Statistics Agency). Harvested Area and Rice 

Production in Indonesia (2024). Jakarta: Central Statistics 

Agency, 2024. 

CSA (Central Statistics Agency). Harvested Area and Rice 

Production in Indonesia (2023). Jakarta: Central Statistics 
Agency, 2023 

Dan, Z., Hu, J., Zhou, W., Yao, G., Zhu, R., Huang, W., & Zhu, 

Y. (2015). Hierarchical additive effects on heterosis in rice 

(Oryza sativa L.). Frontiers in Plant Science, 6 (September), 

1–11. https://doi.org/10.3389/fpls.2015.00738 

Das, G., Pradhan, B., Bastia, D., Samantaray, S., Jena, D., Rout, 

D., Arsode, P. B., Singh, V., Mukherjee, A. K., Mohan, C., & 

Verma, R. (2022). Pyramiding submergence tolerance and 
three bacterial blight resistance genes in popular rice variety 

hasanta through marker-assisted backcross breeding. 

Agriculture (Switzerland), 1 2(11), 1–26. 

https://doi.org/10.3390/agriculture12111815 
Djurhuus, D. L. E., Song, Z., Andersen, A. G., Gargiulo, S., 

Casolo, V., Ismail, A. M., Nchimbi-Msolla, S., de la Cruz 

Jiménez, J., & Pedersen, O. (2025). The relationship between 

anaerobic germination capacity and submergence tolerance in 
rice seedlings. Rice, 18 (1). https://doi.org/10.1186/s12284-

025-00806-3 

Elvina, T. S., Siregar, A., & Ginting, R. (2023). Analysis of 

factors influencing rice production in labuhan batu district. 
Journal of Social Research,  2 (9), 3305–3317. 

https://doi.org/10.55324/josr.v2i9.1263 

Gu, Z., Gong, J., Zhu, Z., Li, Z., Feng, Q., Wang, C., Zhao, Y., 

Zhan, Q., Zhou, C., Wang, A., Huang, T., Zhang, L., Tian, Q., 

Fan, D., Lu, Y., Zhao, Q., Huang, X., Yang, S., & Han, B. 

(2023). Structure and function of rice hybrid genomes reveal 

genetic basis and optimal performance of heterosis. Nature 

Genetics, 55 (10), 1745–1756. https://doi.org/10.1038/s41588-
023-01495-8 

Gu, Z., & Han, B. (2024). Unlocking the mystery of heterosis 

opens the era of intelligent rice breeding. Plant Physiology, 

196 (2), 735–744. https://doi.org/10.1093/plphys/kiae385 
Hasan, M. M., Rafii, M. Y., Ismail, M. R., Mahmood, M., Rahim, 

H. A., Alam, A., Ashkani, S., Malek, A., & Latif, M. A. 

(2015). Agriculture and environment biotechnology marker-

assisted backcrossing : a useful method for rice improvement. 
Biotechnology & Biotechnological Equipment, 29 (2), 237–

254. https://doi.org/10.1080/13102818.2014.995920 

Hasmeda, M., Sulaiman, F., Hamidson, H., & Bactiar, A. (2022). 

Backcrossing of BC3F2 accession with local parents of rice 
plants which resistance to submergence stress. IOP 

Conference Series: Earth and Environmental Science, 995 (1). 

https://doi.org/10.1088/1755-1315/995/1/012042 

IRRI. (2013). Standard Evaluation System for Rice. Philippines, 
International Rice Research Institute. 

Irmawati, Ehara, H., Suwignyo, R. A., & Sakagami, J.-I. (2015). 

Swamp rice cultivation in south sumatra, Indonesia: an 

Overview. Trop. Agr. Develop., 59 (1), 35–39. 
https://doi.org/10.11248/jsta.59.35 

Jarin, A. S., Islam, M., Rahat, A., Ahmed, S., Ghosh, P., & 

Murata, Y. (2024). Drought stress tolerance in rice : 

physiological and biochemical insights. Plant Biology, 15, 
692–718. https://doi.org/doi.org/10.3390/ ijpb15030051 

Kumar, V., Jat, H. S., Sharma, P. C., Balwinder-Singh, Gathala, 

M. K., Malik, R. K., Kamboj, B. R., Yadav, A. K., Ladha, J. 
K., Raman, A., Sharma, D. K., & McDonald, A. (2018). Can 

productivity and profitability be enhanced in intensively 

managed cereal systems while reducing the environmental 

footprint of production? Assessing sustainable intensification 
options in the breadbasket of India. Agriculture, Ecosystems 

and Environment, 252 (October 2017), 132–147. 

https://doi.org/10.1016/j.agee.2017.10.006 

Miftahudin, Putri, R. E., & Chikmawati, T. (2020). Vegetative 
morphophysiological responses of four rice cultivars to 

drought stress. Biodiversitas, 21 (8), 3727–3734. 

https://doi.org/10.17576/jsm-2022-5103-05
https://doi.org/10.54910/SABRAO2021.53.4.3
https://doi.org/doi.org/10.22194/JGIAS/10.1009
https://doi.org/10.1002/tpg2.70040
https://doi.org/doi.org/10.3390/plants10020225
https://doi.org/10.3389/fsufs.2023.1147611
https://doi.org/10.3389/fpls.2021.605799
https://doi.org/10.3389/fpls.2015.00738
https://doi.org/10.3390/agriculture12111815
https://doi.org/10.1186/s12284-025-00806-3
https://doi.org/10.1186/s12284-025-00806-3
https://doi.org/10.55324/josr.v2i9.1263
https://doi.org/10.1038/s41588-023-01495-8
https://doi.org/10.1038/s41588-023-01495-8
https://doi.org/10.1093/plphys/kiae385
https://doi.org/10.1080/13102818.2014.995920
https://doi.org/10.1088/1755-1315/995/1/012042
https://doi.org/10.11248/jsta.59.35
https://doi.org/doi.org/10.3390/%20ijpb15030051
https://doi.org/10.1016/j.agee.2017.10.006


 Aulia et al.: Growth evaluation of F1 progenies  215 

 

https://doi.org/10.13057/biodiv/d210840 

Mohanavel, V., Muthu, V., Kambale, R., Palaniswamy, R., Seeli, 
P., Ayyenar, B., Rajagopalan, V., Manickam, S., Rajasekaran, 

R., Rahman, H., Nallathambi, J., Swaminathan, M., 

Chellappan, G., Vellingiri, G., & Muthurajan, R. (2024). 

Marker-assisted breeding accelerates the development of 

multiple-stress-tolerant rice genotypes adapted to wider 

environments. Frontiers in Plant Science, 15 (July), 1–16. 

https://doi.org/10.3389/fpls.2024.1402368 

Oladosu, Y., Rafii, M. Y., Arolu, F., Chukwu, S. C., Muhammad, 
I., Kareem, I., Salisu, M. A., & Arolu, I. W. (2020). 

Submergence tolerance in rice: Review of mechanism, 

breeding and, future prospects. Sustainability, 12 (4), 1632. 

https://doi.org/10.3390/su12041632 
Purwanto, O. D., Pujiharti, Y., & Ramadhan,  Rizky P. (2023). 

yield performance of upland and lowland rice Growth and 

wide row planting systems in east nusa -varieties under narrow

60. –(1), 50 11, Planta TropikaIndonesia.  tenggara,
https://doi.org/10.18196/pt.v11i1.15921 

Quan, R., Wang, J., Qin, H., Chen, L., Xiao, D., Zhao, Z., Zhang, 

Z., Zhu, X., Li, Z., & Huang, R. (2024). Improving grain yield 

and salt tolerance by optimizing plant height with beneficial 
haplotypes in rice (Oryza sativa). Journal of Advanced 

Research. https://doi.org/10.1016/j.jare.2024.12.007 

Revannaswamy, K. M., Raveendran, M., Pushpa, R., Bama, K. S., 

Sritharan, N., Manonmani, S., & Suresh, R. (2024). Breeding 

for flooding tolerance in rice: Advancements and future 

perspectives. Plant Science Today, 11 (4), 740–751. 

https://doi.org/10.14719/pst.4100 

Rusdan, R. (2020). Response of several rice varieties (Oryza 
sativa) on drought stress in the generative phase. Universitas 

Sriwijaya. 

Shen, G., Zhan, W., Chen, H., & Xing, Y. (2014). Dominance and 

epistasis are the main contributors to heterosis for plant height 
in rice. Plant Science, 215–216, 11–18. 

https://doi.org/10.1016/j.plantsci.2013.10.004 

Shrirashmi, Rajeswari, S., John Joel, A., Suresh, R., Vellaikumar, 

& Manju Devi, S. (2024). Submergence tolerance in rice: A 
comprehensive screening of 250 Indian landraces for 

resilience under water stress. Plant Science Today, 11 (5), 1–

9. https://doi.org/10.14719/pst.5601 

Singh, S., Mackill, D. J., & Ismail, A. M. (2014). Physiological 
basis of tolerance to complete submergence in rice involves 

genetic factors in addition to the SUB1 gene. AoB PLANTS, 6, 

1–20. https://doi.org/10.1093/aobpla/plu060 

Suwetha, S., Gnanamalar, R. P., Elamathi, S., Christy Nirmala 

Mary, P., Arulmozhi, R., Dhandapani, M., Subrahmaniyan, 

K., Shanmugam, A., & Pushpa, R. (2025). Adaptive 

mechanism of submergence tolerance by Sub1 A. Plant 

Science Today, 12 (1). https://doi.org/10.14719/pst.4632 
Suwignyo, R. A., Irmawati, I., Hose, F., & Aulia, S. L. (2021). 

Development of Rice Varieties Adaptive to Nontidal 

Swampland using MABC: Growth characteristics of parent 

plant and F1 result. IOP Conference Series: Earth and 
Environmental Science, 741 (1). https://doi.org/10.1088/1755-

1315/741/1/012022 

Tao, Y., Zhu, J., Xu, J., Wang, L., Gu, H., Zhou, R., Yang, Z., 

Zhou, Y., & Liang, G. (2016). Exploitation of heterosis loci 
for yield and yield components in rice using chromosome 

segment substitution lines. Scientific Reports, 6.  

https://doi.org/10.1038/srep36802 

Wang, J., Han, M., Huang, Y., Zhao, J., Liu, C., & Ma, Y. (2024). 
Flooding tolerance of rice: regulatory pathways and adaptive 

mechanisms. Plants, 13 (9), 1–11. 

https://doi.org/10.3390/plants13091178 

Wening, R. H., Purwoko, B. S., Suwarno, W. B., Rumanti, I. A., 

& Khumaida, N. (2020). Submergence and drought stresses in 

rice over genotype by environment interaction. Sabrao 

Journal of Breeding and Genetics, 52 (4), 435–445. 

Wu, Y. P., Wang, S. M., Chang, Y. C., Ho, C., & Hsu, Y. C. 
(2021). Submergence gene sub1a transfer into drought-

tolerant japonica rice dt3 using marker-assisted selection. 

International Journal of Molecular Sciences, 22 (24). 

https://doi.org/10.3390/ijms222413365 
Zhou, G., Chen, Y., Yao, W., Zhang, C., Xie, W., Hua, J., Xing, 

Y., Xiao, J., & Zhang, Q. (2012). Genetic composition of 

yield heterosis in an elite rice hybrid. Proceedings of the 

National Academy of Sciences of the United States of 
America, 109 (39), 15847–15852.  

https://doi.org/10.1073/pnas.1214141109 

                 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3389/fpls.2024.1402368
https://doi.org/10.3390/su12041632
https://doi.org/10.18196/pt.v11i1.15921
https://doi.org/10.1016/j.jare.2024.12.007
https://doi.org/10.14719/pst.4100
https://doi.org/10.1016/j.plantsci.2013.10.004
https://doi.org/10.14719/pst.5601
https://doi.org/10.1093/aobpla/plu060
https://doi.org/10.14719/pst.4632
https://doi.org/10.1088/1755-1315/741/1/012022
https://doi.org/10.1088/1755-1315/741/1/012022
https://doi.org/10.1038/srep36802
https://doi.org/10.3390/plants13091178
https://doi.org/10.3390/ijms222413365
https://doi.org/10.1073/pnas.1214141109

