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ABSTRACT 
Hybrid seed set on the female line depends on its flowering synchronization with 

the restorer line (R), therefore, the sowing of male and female lines must be planned 

properly. During 2016 and 2017 summer seasons, a preliminary investigation was 

carried out to study the leaves number, days to heading and effective accumulated 

temperature as principle methods to determine the synchronization of the CMS line and 

the restorer line. Besides, an experiment was carried out during 2018 and 2019 to 

investigate the effect of synchronization method on flowering synchronization on hybrid 

rice seed production. Results indicated that the method of flowering synchronization 

between CMS lines and R lines had highly significant effects on the traits: panicle 

weight, seed set percentage, harvest index and seed yield of hybrid rice. The highest seed 

yields were 1.760 and 1.870 t ha−1. They were recorded from the number of leaves 

method and the hybrid combination of Giza 178R × IR69625A, respectively. The number 

of leaves is the best time for the synchronization of hybrid rice lines and the hybrid 

combination Giza 178R × IR69625A may be recommended for better performance. It was 

noticed that planting restorer line rows at three different dates with four times of 

supplemental pollination resulted in the highest number of fertile panicles hill-1, panicle 

weight, number of filled grains panicle-1 and hybrid seed yield.  

Key words: Oryza sativa, Parental Lines, Synchronization, Hybrid Rice, Seed 

Production, CMS. 

INTRODUCTION 

Rice (Oryza sativa L.) is an important food crop and the primary 

food source for more than half of the global population. Rice is cultivated in 

Egypt at 660 thousand hectares, with an annual production of about 4.6 

million tons of paddy, with an average productivity of 10 tons per hectare 

(Abbas et al 2021). In Egypt hybrid rice production is an innovative 

technology to increase rice productivity, resulting in food security and 

poverty reduction in Egypt (Gaballah et al 2021a and Gaballah et al 2022). 

This technology could be used to boost current yield levels in rice, where 

conventional cultivar yield levels have stabilized. In the context, hybrid rice 

reported yield advantages of 15–20% over traditional varieties (Gramaje et 

al 2020 and Gaballah et al 2021a). The heterosis advantage of hybrid rice 

may be expressed by superiority over inbred varieties in vigour, number of 

productive tillers, panicle size, number of spikelets panicle-1 and seed yield. 

The three-line and two-line breeding methods are commonly used to create 

hybrid varieties. Meanwhile, in the three-line method, three lines were 

involved: a cytoplasmic male sterile (CMS) source (A line), a maintainer (B 
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line), and a restorer (R line). This method is extensively used in rice hybrid 

production (Manonmani et al 2012). Several factors influence the 

multiplication of cytoplasmic male sterile (CMS) and hybrid seed 

production, such as seeding time, field conditions, planting pattern, weather 

conditions at flowering, synchronization of flowering in the parental lines, 

supplementary pollination techniques, and GA3 application (Hamad et al 

2021). 

Synchronization of flowering between the parental lines of a hybrid 

is one of the most critical considerations in hybrid seed production. Female 

parent seed production depends on pollen supplied by the male parent 

during the flowering period. Thus, failure to achieve proper synchronization 

results in very poor, or no, seed set. This problem might be considered as 

the most commonly experienced problem in hybrid seed production (Kader 

et al 2017). Female parents and the pollinator parents flower simultaneously 

by synchronizing flowering, even though they may have different growth 

durations. Pollen grains from the B and R lines should be available to the 

CMS line throughout its flowering period, so synchronization of flowering 

is essential. Adjusting the sowing dates of the parental line in the seedbed is 

one of the strategies to obtain flowers in both lines simultaneously in the 

field.  

The out-crossing between the R line and cytoplasmic male sterility 

lines assumes greater significance because the amount of pollen supplied by 

the male parent during the flowering period determines the amount of seed 

set on the female parent (El Sayed et al 2021). The most common issue in 

CMS line multiplication is failing to earn proper synchronization, resulting 

in a poor or no seed set. It is critical to understand the flowering behavior of 

the parental lines, which varies with sowing dates, to determine the exact 

difference in days to flowering between the parental lines. If there is a 

flowering gap, the problem of non-synchronization could be solved by 

staggered sowing of the male parent based on the days to flowering 

information. 

After observing the difference at the primordial development stage, 

it is critical to adjust the flowering of parental lines. The application of urea 

could be used to manipulate the difference in flowering to some extent by 
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the application of urea and potassium as a foliar spray. In adverse 

conditions, non-flowering synchronization among parental lines could be 

predicted. In such conditions, some techniques should be adapted to adjust 

flowering synchronization as possible. Since the parents of each hybrid 

behave differently in diverse locations and different situations to flowering 

at other sowing dates, there is a need to take up studies to find out the 

effectiveness of different techniques to achieve the out-crossing (Anis et al 

2019). The methods used for determining seeding intervals were growth 

duration differences (GDD), based on the difference between the CMS and 

B lines in terms of days from seeding to initial heading (10%), the number 

of leaves differences (LND) based on the difference between the parental 

lines in terms of leaf growth and emergence rate. The spikelets open for a 

brief period only. Hence, pollen dispersal needs to be high when spikelets 

are open. Supplementary pollination is essential to increase pollen dispersal 

and subsequently out-crossing in A-lines. The frequency and time of 

supplemental pollination are imperative. It is done at the peak of anthesis 

(Elshamey et at 2021).  

There is a need to take up studies to find out effectiveness of 

different techniques to achieve synchronization of flowering, with this 

background, the present investigation was carried out to test some 

techniques to get suitable synchronization of flowering between parental 

lines for enhancing the seed yield in hybrid rice seed production plot. 

Therefore, the present study aimed to determine the suitable methods of 

synchronization between parental lines to be used in hybrid rice seed 

production. 

MATERIALS AND METHODS 

Three experiments were carried out at the experimental farm of Rice 

Research and Training Center (RRTC), Sakha, Kafr EL-Sheikh, 

Agricultural Research Center, Egypt. 

First experiment  

The first experiment was carried out during 2016 and 2017 seasons 

using a randomized complete design with three replications to determine the 

leaves number, days to heading, and effective accumulated temperature as 

principle methods to determine the optimum synchronization between the 
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CMS line and restorer line. The materials included the parental lines of Giza 

178R as a restorer line and IR69625A and G46A as female cytoplasmic 

male sterile (CMS) lines. The number of leaves on the main culm of 

parental lines was recorded as leaf just emerged (0.2), leaf half‐opened 

(0.5), leaf almost opened (0.8) according to (Gao et al 1992). Days to 

heading (day) was determined from seeding to initial heading or 50% 

flowering. The Effective Accumulated Temperature (EAT) was calculated 

according the equation of Mei et al 2015 as follows: EAT = T-H-L where, 

T, mean daily temperature, H, temperature over upper limit (T‐27 °C) and 

L, temperature of lower limit (12 °C).  

Second experiment 

The second experiment was carried out during 2018 and 2019 

seasons in a split‐plot design with three replications. The main plots were 

devoted to CMS lines and the sub-plots were devoted to methods of 

synchronization (Number of leaves, days to 50% heading and effective 

accumulated temperature) to identify the best method of synchronization 

among the parental lines used. The CMS line IR69625A was sown on 

May1st and the restorer line Giza 178R was sown in three sowing dates. To 

get a proper synchronization of flowering, the first sowing date (S1) when 

the number of leaves for CMS line was two leaves. The second sowing date 

(S2) when the number of leaves for CMS line was 3.5 leaves. The third 

sowing date (S3) when the number of leaves for CMS line was 5 leaves. For 

G46A line, it was sown when the first date of Giza 178R was four leaves. 

The G46A line was sown at May 20th and Giza 178R was sown at three 

dates, namely, May 6th, May 10th and May 14th. EAT was 1435 and 1450°C 

for IR69625A and was 1040 and 1050°C for G46A. While EAT for Giza 

178R was 1329.11 and 1335.76°C in 2016 and 2017 seasons, respectively, 

so the CMS line IR69625A was sown on May 1st, G46A was sown at June 

4th and Giza 178 was sown at the three dates, May 12th, May 17th and May 

22th. The traits studied for CMS lines were panicle weight (g), seed set (%), 

seed yield (t ha-1), and harvest index (%) in 2018 and 2019 seasons. 

Third experiment 

The third experiment was carried out during 2020 and 2021 in a split 

split-plot design with three replications. The main plots were devoted to 
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CMS lines, while the subplots were laid out at three sowing dates and the 

number of times supplementary pollination occurred was devoted to the 

sub-sub plots that carried out depending on leaves number as a method of 

flowering synchronization among the parental lines. To study the out-

crossing rate of the two cytoplasmic male sterile lines to produce F1 hybrid 

seeds, the CMS lines IR69625A and G46A were sown on May 1st and May 

20th, respectively. The restorer line Giza 178R was sown at three sowing 

dates, to get a proper synchronization of flowering. The first sowing date 

(S1) was done when the average number of leaves was 2.5, the second 

sowing date (S2) when the average number of leaves was 3.5 and the third 

sowing date (S3) when the average number of leaves was 5 for CMS line 

IR69625A. The G46A line was sown when the first date of Giza178R was 

four leaves. The traits studied of CMS lines were: days to 50% heading, 

days to complete leaf number, days from complete leaf number to heading, 

leaf area index, plant height (cm), panicle length (cm), panicle exertion (%), 

spikelet opening angle, duration of spikelet opening (min), panicle weight 

(g), filled grain, seed set (%), seed yield (t ha-1), and harvest index (%). 

Rice seeds at the rate of 20 kg ha-1 (15 kg from the CMS lines and 5 

kg from the R line) were soaked in fresh water for 24 hrs., then drained and 

incubated for 48 hrs., to hasten germination. The field was well flowed and 

dry-leveled, and then the field was irrigated to make the soil puddle. The 

phosphorous fertilizer in the form of Mono-super phosphate (15.5% P2O5) at 

a rate of 240 kg ha-1 was added during field preparation. Nitrogen fertilizer 

at a rate of 165 kg N ha-1 was added in the form of Urea (46.5% N). Two-

thirds of N was applied as a basal application, and the other third was top-

dressed at 30 days after transplanting (DAT). Zinc fertilizer (24% ZnSO4) at 

a rate of 48 kg ha-1 was added before seedling transplanting. Thirty-day-old 

seedlings of the CMS (A) and restorer (R) lines were transplanted by 3 and 

2 seedlings per hill, respectively. The rowing direction was perpendicular to 

the wind direction. The row ratio for each combination was 2 R: 10 A. The 

rice production procedures recommended by the Rice Research Department 

program were used as follows: Two times of GA3 foliar application, the 

first spray (40% of GA3) when A line was at 15-20% heading, and the 

second spray (60% of GA3) was applied when A line was at 35-40% 
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heading (five days after heading). Shaking the pollen parents (R line) with 

bamboo sticks provided supplementary pollination. This operation was 

carried out across ten days between 9 a.m. and 11.30 a.m. The crop was 

harvested when 80% of the grains became golden yellow. Grains were sun-

dried and adjusted at 14% moisture content to estimate grain yield. Panicle 

exertion % and seed set % was estimated according to the following 

formulas: 

Panicle exertion % = (Exerted panicle length, cm) / (Panicle length, cm) × 

100 

Seed set % = (Number of filled grains panicle-1) / (Total spikelets number 

panicle-1) × 100 

Data analysis 

The data were collected according to the Standard Evaluation 

System (SES) of International Rice Research Institute, (IRRI 2014) for all 

the studied traits. Data were statistically analysed according to (Gomez and 

Gomez, 1984) using COSTAT Computer Program. The differences among 

treatments were compared via Duncan's Multiple Range Test (Duncan, 

1955). 

RESULTS AND DISCUSSION 

Results  
The development of hybrid rice seed technology and adoption of 

hybrid rice cultivars to Egyptian environments offer one approach to the 

problem of matching food supply to expected demand. The perfect number 

of times of supplementary pollination of the parental lines is crucial in 

producing F1 hybrid seeds with a high out-crossing rate. Two CMS lines 

with their restorer line were chosen and used as parental lines to study the 

perfect number of supplementary pollinations and sowing dates of restorer 

line, stability, floral traits, and for some yield and yield components. 

First experiment 

Table 1 represents the results for methods of synchronization for 

parental lines. The CMS line IR69625A gave the highest values of 18.49 

and 18.90 for number of leaves, 105.30 and 104.90 days for days to 50% 

heading and 1435 and 1450°C for EAT during the two seasons, 2016 and 

2017, respectively.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

57 

Table 1. Means of number of Leaves, days to 50% heading and EAT for 

parental lines used in the experiment. 

CMS lines 
Number of Leaves 

Days to 50% 

Heading 

Effective 

accumulated 

temperature (EAT) 

2016 2017 2016 2017 2016 2017 

IR69625A 

G46A 

Giza 178R 

18.49a 

16.30c 

17.5b 

18.90a 

16.50c 

17.19b 

105.30a 

85.96c 

98.50b 

104.90a 

86.18c 

99.05b 

1435a 

1040c 

1329.11b 

1450a 

1050c 

1335.76b 

F-test ** ** ** ** ** ** 

** Significant at the 1% probability level. 

While, the lowest values of 16.30 and 16.50 for number of leaves, 

85.96 and 86.18 for days to 50% heading and 1040 and 1050°C for EAT 

were obtained for the CMS line G46A in 2016 and 2017 seasons, 

respectively. 

Second experiment 

Effect of synchronization methods and CMS lines as well as their 

interaction on panicle weight, seed set, seed yield and harvest index 

characters are presented in Table (2). 

Cytoplasmic male sterile line effects 

The cytoplasmic male sterile (CMS) line had highly significant 

effects on panicle weight, seed set, seed yield and harvest index. The CMS 

line IR69625A line showed the highest panicle weight, seed set, seed yield 

and harvest index during both seasons. In contrast, the CMS line G46A gave 

the lowest panicle weight, seed set, seed yield and harvest index during both 

seasons (2018 and 2019). 

Synchronization method effects 

The synchronization method had highly significant effects on 

panicle weight, seed set, seed yield and harvest index. Number of leaves 

method gave the highest panicle weight, seed set, seed yield and harvest 

index during both seasons. While, EAT method gave the lowest panicle 

weight, seed set, seed yield and harvest index during 2018 and 2019 

seasons. 
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Table 2. Effect of synchronization method, CMS line, and their 

interaction on yield traits during 2018 and 2019 seasons. 

Main effect and 

interaction 

Panicle weight 

(g) 
Seed set (%) 

Seed yield (t 

ha-1) 

Harvest index 

(%) 

2018 2019 2018 2019 2018 2019 2018 2019 

CMS lines (L) 

IR69625A x Giza 178R 2.77a 2.66a 35.23a 36.29a 1.583a 1.691a 18.69a 19.84a 

G46Ax Giza 178R 2.53b 2.46b 32.41b 33.43b 1.480b 1.588b 18.01b 19.16b 

F-test ** ** ** ** ** ** ** ** 

Synchronization method (S) 

Number of Leaves 2.75a 2.73a 35.89a 37.47a 1.722a 1.830a 19.31a 20.46a 

Days to 50% Heading 2.72a 2.55b 33.90b 34.54b 1.572b 1.680b 18.78b 19.93b 

EAT 2.49b 2.42c 31.67c 32.56c 1.301c 1.409c 16.96c 18.11c 

F-test ** ** ** ** ** ** ** ** 

Interaction 

L × S  ** ** ** ** ** ** ** ** 

** Significant at the 1% probability level. 

Interaction effect 

The effect of interaction between CMS lines and synchronization 

method was highly significant for panicle weight, seed set, seed yield and 

harvest index in 2018 and 2019 seasons (Table 3). 

Table 3. Panicle weight, seed set, seed yield and harvest index as 

affected by the interaction between method synchronization 

and CMS lines 

CMS 

Lines 
Synchronization methods 

Panicle weight 

(g) 
Seed set (%) 

Seed yield 

(t ha-1) 

Harvest index 

(%) 

2018 2019 2018 2019 2018 2019 2018 2019 

IR69625A 

Number of leaves 2.90a 2.92a 37.47a 38.76a 1.760a 1.870a 19.76a 20.91a 

Days to 50% heading 2.60b 2.84b 35.06b 36.05b 1.640c 1.750c 19.22a 20.37b 

EAT 2.48d 2.55c 33.18d 34.07c 1.340e 1.450e 17.09e 18.24e 

G46A 

Number of leaves 2.54c 2.58c 34.31c 36.18b 1.670b 1.780b 18.86c 20.02c 

Days to heading 2.50d 2.60c 32.74d 33.05d 1.500d 1.610d 18.34d 19.49d 

EAT 2.35e 2.43d 30.17e 31.05e 1.260f 1.360f 16.84f 17.99f 

The number of leaves with the CMS line IR69625A gave the highest 

values for panicle weight, seed set, seed yield and harvest index during 

seasons, 2018 and 2019. While, EAT method with the CMS line G46A 
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produced the lowest panicle weight, seed set, seed yield and harvest index in 

both seasons. 

Third experiment 

Effect of CMS lines, sowing dates of restorer line and number of 

times of supplementary pollination as well as their interactions on number 

of leaves, days to 50% heading, days to complete leaf number, days from 

whole leaves number to heading, and leaf area index are presented in Table 

(4).  

Table 4. Growth characteristics of CMS lines as affected by sowing 

dates of restorer lines and number of times of supplementary 

pollination as well as their interactions during 2020 and 2021 

seasons. 

Main effect 

and 

interaction 

Number of 

leaves 

Days to 50% 

heading 

Days to 

complete leaf 

number 

Days from 

complete leaves 

number to 50% 

heading 

Leaf area  

index 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

CMS lines (L) 

IR69625A 19.63a 19.82a 105.16a 104.08a 99.41a 97.91a 5.43b 6.15b 29.31b 29.48b 

G46A 17.25b 17.95 88.26b 87.48b 81.24b 79.97b 7.13a 7.49a 32.21a 33.28a 

F-test ** ** ** ** ** ** ** ** ** ** 

Sowing dates of restorer line (S) 

Date 1 18.43 18.78 96.75 95.82 90.38 88.94 6.30 6.88 30.31 31.46 

Date 2 18.55 18.87 96.75 95.69 90.38 88.92 6.26 6.77 30.30 31.38 

Date 3 18.34 18.81 96.66 95.83 90.22 88.96 6.26 6.82 30.17 31.29 

F-test NS NS NS NS NS NS NS NS NS NS 

Number of Time of supplementary pollination (T) 

Control 18.38 18.75 96.75 95.62 90.35 88.91 6.35 6.84 30.26 31.41 

T1 18.46 18.79 96.72 95.93 90.39 88.90 6.31 6.83 30.28 31.39 

T2 18.45 18.81 96.69 95.80 90.28 88.80 6.26 6.88 30.31 31.39 

T3 18.40 18.79 96.68 95.67 90.29 88.85 6.23 6.79 30.29 31.32 

T4 18.50 18.80 96.70 95.67 90.31 88.95 6.24 6.78 30.17 31.40 

F-test NS NS NS NS NS NS NS NS NS NS 

Interaction 

L × S NS NS NS NS NS NS NS NS NS NS 

L × T NS NS NS NS NS NS NS NS NS NS 

S × T NS NS NS NS NS NS NS NS NS NS 

L × S × T NS NS NS NS NS NS NS NS NS NS 

** Significant at the 1% probability level, NS = not significant. 
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Cytoplasmic male sterile lines effects for vegetative traits 

The differences between the two CMS lines significantly affect the 

number of leaves, days to 50% heading, days to complete leaf number, days 

from complete leaf number to heading, and leaf area index. CMS line 

IR69624A gave the highest values of 19.63 and 19.82 for the number of 

leaves, the most extended duration of 105.16 and 104.08 for days to 

50% heading, and the most extended duration of 99.41 and 97.91 days to 

complete leaf number during the 2020 and 2021 seasons, respectively. 

While the CMS line G46A gave the highest values of days from complete 

leaf number to 50% heading (7.31 and 7.49) and the highest values of leaf 

area index (32.21 and 33.28) in both seasons. In contrast, the CMS line 

G46A gave the lowest values (17.25 and 17.95) for the number of leaves, 

the shortest duration (88.26 and 87.48 days) for days to 50% heading, and 

(81.24 and 79.97 days) for days to complete leaf number during both 

seasons. At the same time, the CMS line IR69624A gave the lowest values 

(5.43 and 6.15) for days from complete leaf number to 50% heading and 

(29.31 and 29.48) for leaf area index during both seasons. Most of the 

variation among the growth characteristics of CMS lines might be due to 

genetic background differences. Sowing dates of restorer line, the number 

of times of supplementary pollination, and their interaction had no 

significant effect on the studied traits as mentioned above during both 

seasons (Table 3). 

The effects of CMS lines, sowing dates of restorer line, and number 

of times of supplementary pollination as well as their interaction on plant 

height, panicle length, panicle exertion, duration of spikelet opening, and 

spikelet opening angle characteristics are given in Table (5). 

Cytoplasmic male sterile lines effects on floral traits 

The effect of CMS lines has a highly significant effect on panicle 

length, panicle exertion, spikelet opening angle, and duration of spikelet 

opening time. CMS line IR69624A gave the tallest plants (115.91 and 

117.69 cm), the most extended panicle length (23.48 and 24.19 cm), and the 

highest panicle exertion percentage (73.21 and 75.18%) during the 2020 and 

2021 seasons, respectively.  
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Table 5. Means of plant height, panicle length, panicle exertion, spikelet 

opening angle, and duration of spikelet opening of CMS lines as 

affected by sowing dates of restorer line, number of times of 

supplementary pollination as well as their interactions during 

2020 and 2021 seasons. 

Main effect 

and 

interaction 

Plant 

height (cm) 

Panicle  

length 

(cm) 

Panicle 

exertion (%) 

spikelet opening 

angle (O) 

duration of 

spikelet opening 

(min) 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

CMS lines (L) 

IR69625A 115.91a 117.69a 23.84a 24.19a 73.21a 75.18a 24.46b 26.29b 157b 160.51b 

G46A 110.82b 112.63b 24.50a 22.35b 69.73b 71.74b 27.16a 28.26a 168a 170.48a 

F-test ** ** ** ** ** ** ** ** ** ** 

Sowing dates of restorer line (S) 

Date 1 113.11 115.08 22.84 23.25 71.01 73.46 25.80 27.23 162.69 165.65 

Date 2 113.5 115.83 22.84 23.29 71.20 73.44 25.84 27.29 162.18 165.54 

Date 3 113.44 115.01 22.85 23.23 71.21 73.49 25.79 27.31 162.79 165.45 

F-test NS NS NS NS NS NS NS NS NS NS 

Times of supplementary pollination (T) 

Control 113.44 115.23 22.84 23.28 71.28 73.42 25.80 27.27 162.74 165.59 

One 113.45 115.20 22.85 23.25 71.21 73.47 25.82 27.26 162.75 165.62 

Two 113.50 115.29 22.87 23.23 71.16 73.48 25.79 27.31 162.76 165.57 

Three 113.21 115.01 22.50 23.25 71.18 73.47 25.80 27.27 162.77 165.49 

Four 113.24 115.03 22.82 23.27 71.20 73.47 25.84 27.27 162.77 165.46 

F-test NS NS NS NS NS NS NS NS NS NS 

Interaction 

L × S NS NS NS NS NS NS NS NS NS NS 

L × T NS NS NS NS NS NS NS NS NS NS 

S × T NS NS NS NS NS NS NS NS NS NS 

L × S × T NS NS NS NS NS NS NS NS NS NS 

** Significant at the 1% probability level, NS = not significant. 
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While the CMS line G46A gave the highest values of spikelet 

opening angle (27.160 and 28.260) and the most extended duration of 

spikelet opening (165 and 170.48 min) during both seasons. On the other 

hand, CMS line G46A gave the lowest values (110.82 and 112.63 cm) of 

plant height, panicle length (24.50 and 22.35 cm) and panicle exertion 

percentage (69.73 and 71.74%) during the 2020 and 2021 seasons, 

respectively. In contrast, CMS line IR69624A gave the lowest values (24.46 

and 26.29) of spikelet opening angle and duration of spikelet opening (157 

and 160.51 min) during both seasons. The variation among the CMS lines as 

shown in Table (5) might be due to the differences in CMS lines genetic 

background. The results in Table (5) showed that plant height, panicle 

length, panicle exertion, duration of spikelet opening, and spikelet opening 

angle were not significantly affected by the sowing dates of the restorer line, 

the number of times of supplementary pollination as well as their 

interactions during the 2020 and 2021 seasons.  

The effects of CMS lines, sowing dates of restorer line, and number 

of supplementary pollinations as well as their interaction on the number of 

panicles hill-1, panicle weight, number of filled grain panicle-1, seed set, seed 

yield t ha-1 and harvest index are given in Table (6). 

Cytoplasmic male sterile lines effects for yield traits 

The effect of the planting date of rows of restorer line had a highly 

significant effect on the number of panicles hill-1, panicle weight, number of 

filled grains panicle-1, seed set, seed yield, and harvest index. The date of 

planting of parents gave the highest values of panicles hill-1 (15.34 and 

16.01), the heaviest panicle weight (2.28 and 2.38 g), the highest values 

(39.86 and 42.81) of filled grains panicle-1, the highest values (17.90 and 

19.60%) of seed set percentage, the highest values (1.323 and 1.388) of seed 

yield ha-1, during 2020 and 2021 seasons. The planted rows of restorer 

parent on the same date (S1) yielded the lowest values of panicles hill-1 

(12.40 and 13.11), panicle weight (1.59 and 1.65 g), number of filled grain 

panicles-1 (27.72 and 30.72), seed set (12.42 and 14.02%), seed yield (1.027 

and 1.092 t ha-1) and harvest index percent (13.41 and 14.11%). 
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Table 6. Effect of CMS lines, sowing dates of restorer line, and number 

of times of supplementary pollination as well as their 

interactions on yield and yield characters during 2020 and 

2021 seasons. 

Main 

effect and 

interaction 

Number of 

panicles hill-1 

Panicle 

weight (g) 

No. of filled 

grains 

panicle-1 

Seed set 

(%) 

Seed yield 

(t ha-1) 

Harvest index 

(%) 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

CMS lines (L) 

IR69625A 15.27a 16.02a 1.96a 2.04a 36.36a 39.36a 16.21a 17.87a 1.183a 1.247a 15.32a 15.95a 

G46A 12.69b 13.32b 1.87b 1.94b 31.04b 34.04b 14.02b 15.66b 1.128b 1.192b 14.311b 15.26b 

F-test ** ** ** ** ** ** ** ** ** ** ** ** 

Sowing of restorer line (S) 

S 1 12.40c 13.11c 1.59c 1.65c 27.72c 30.72c 12.42c 14.02c 1.027c 1.092c 13.41c 14.11c 

S 2 14.18b 14.87b 1.87b 1.95b 33.56b 36.52b 15.03b 16.68b 1.114b 1.179b 15.05b 15.84b 

S 3 15.34a 16.02a 2.28a 2.38a 39.86a 42.81a 17.90a 19.60a 1.323a 1.388a 15.98a 16.86a 

F-test ** ** ** ** ** ** ** ** ** ** ** ** 

Times of supplementary pollination (T) 

Control 8.09e 8.86e 1.25e 1.33e 11.87e 14.87e 5.32e 6.78e 0.827e 0.892e 11.65e 12.43e 

One 13.31d 13.94d 1.62d 1.70d 27.89d 30.89d 12.51d 14.12d 1.070d 1.135d 13.80d 14.52d 

Two 14.99c 15.71c 1.96c 2.04c 33.06c 36.20c 14.90c 16.56c 1.177c 1.242c 15.05c 15.79c 

Three 16.22b 16.76b 2.28b 2.36b 42.95b 45.59b 19.09b 20.81b 1.309b 1.374b 16.18b 17.04b 

Four 17.28a 18.06a 2.45a 2.55a 52.95a 55.90a 23.77a 25.58a 1.390a 1.455a 17.39a 18.25a 

F-test ** ** ** ** ** ** ** ** ** ** ** ** 

Interaction 

L × S ** ** ** ** NS NS NS NS ** ** ** ** 

L × T ** ** ** ** ** ** ** ** ** ** ** ** 

S × T ** ** ** ** ** ** ** ** ** ** ** ** 

L × S × T ** ** ** ** ** ** ** ** ** ** ** ** 
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Times of supplementary pollination effects 

The effect of the number of times supplementary pollination had a 

highly significant effect on the number of panicles hill-1, panicle weight, 

number of filled grains panicle-1, seed set, seed yield, and harvest index. 

Four times of supplementary pollination gave the highest values for panicles 

hill-1 (17.28 and 18.06), the heaviest (2.46 and 2.55 g) panicle weight, the 

number of filled grains panicle-1 (52.295 and 55.95), seed set (23.77 and 

25.58%), seed yield (1.390 and 1.455 t ha-1) and harvest index (17.39 and 

18.25%) during the 2020 and 2021 seasons, respectively. However, the 

control (no supplementary pollination) gave the lowest values (8.09 and 

8.86) for number of panicle hill-1, panicle weight (1.26 and 1.33 g), number 

of filled grains panicle-1 (11.87 and 14.87), seed set (5.32 and 6.78 %), seed 

yield (0.827 and 0.892 t ha-1) and harvest index (11.165 and 12.43 %) 

during the 2020 and 2021 seasons, respectively. 

Interaction effects 

Almost all the interactions had highly significant effects on the 

number of panicle hills-1, panicle weight, number of filled grain panicles-

1, seed set, seed yield t ha-1 and harvest index. Only the interactions between 

CMS lines and planting dates of row of the restorer line had no significant 

effects on the number of filled grain panicle-1 and seed set during both 

seasons (Table 6). 

The results in Table (7) showed that the interaction between CMS 

lines and sowing of restorer lines had a highly significant effect on the 

number of fertile panicles per hill-1, panicle weight (g), seed yield (t ha-1), 

and harvest index in both seasons. During both seasons, the CMS line 

IR69625A with three different planting dates of rows of restorer line 

produced the highest values of panicles hill-1 (16.54 and 17.07), panicle 

weight (2.34 and 2.45g), seed yield (1.368 and 1.433 t ha-1) and harvest 

index (16.43 and 17.26%). In addition, CMS line G46A with planted rows 

of restorer line on a single date recorded the lowest values of number of 

panicles hill-1 (10.84 and 11.29), panicle weight (1.56 and 1.62g), seed yield 

(1.011 and 1.076 t ha-1) and harvest index (12.88 and 13.83%) during both 

seasons. 
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Table 7. Effects of interaction between CMS lines and sowing dates of 

restorer line on yield characteristics during 2020 and 2021 

seasons. 

Lines  

(L) 

Sowing 

date 

Number of 

fertile panicles 

hill-1 

Panicle 

weight (g) 

Seed yield 

(t ha-1) 

Harvest  

index (%) 

2020 2021 2020 2021 2020 2021 2020 2021 

IR69625A 

S 1 13.96c 14.92c 1.62e 1.68e 1.043e 1.108e 13.94e 14.39e 

S2 15.29b 16.06b 1.92c 2.00c 1.136c 1.202c 15.58b 16.22c 

S3 16.54a 17.07a 2.33a 2.45a 1.368a 1.433a 16.43 17.26a 

G46A 

S1 10.84e 11.29a 1.56f 1.62f 1.011f 1.076f 12.88f 13.83f 

S2 13.08d 13.67d 1.82d 1.90d 1.092d 1.156d 14.52d 15.47d 

S3 14.15c 14.96c 2.23b 2.31b 1.277b 1.342b 15.53c 16.48b 

The results in Table (8) showed that the interaction between the 

CMS lines and the number of times of supplementary pollination showed a 

highly significant effect on number of fertile panicles hill-1, panicle weight, 

number of filled grains panicle-1, seed set, seed yield and harvest index in 

both seasons. During both seasons, the CMS line IR69625A with four times 

supplementary pollination produced the highest values of fertile panicles 

hill-1 (18.58 and 19.44), panicle weight (2.52 and 2.62 g), number of filled 

grains panicle-1 (56.39 and 59.39), seed set (25.13 and 26.94%), seed yield 

(1.430 and 1.495 t ha-1) and harvest index (17.92 and 18.69%). The lowest 

values of number of fertile panicles hill-1 (7.49 and 8.16), panicle weight 

(1.23 and 1.30 g), number of fertile panicles hill-1 (10.52 and 13.52), seed 

set (4.73 and 6.19%), seed yield (0.809 and 0.871 t ha-1) and harvest index 

(11.29 and 12.24%) during both seasons, was obtained with the CMS line 

G46A without supplementary pollination. 
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Table 8. Effect of interaction between the CMS lines and number of 

times of supplementary pollination on yield characteristics 

during 2020 and 2021 seasons. 

Line 

No of times of 

supplementary 

pollination 

Number of 

panicles hill-1 

Panicle weight 

(g) 

No. of filled 

grains panicle-1 

2020 2021 2020 2021 2020 2021 

IR69625A 

Control 8.68h 9.56i 1.27i 1.35i 13.22h 16.22h 

Once 14.98e 15.77e 1.65g 1.73g 30.54f 33.53f 

Two 16.57c 17.22c 2.06e 2.09e 35.64e 38.64e 

Three 17.51b 18.12b 2.23c 2.43c 46.00c 49.00c 

Four 18.58a 19.44a 2.51a 2.62a 56.39a 59.39a 

G46A 

Control 7.49i 8.16j 1.23j 1.30j 10.52i 13.52i 

One 11.64g 12.11h 1.59h 1.67h 25.24g 28.24g 

Two 13.41f 14.19g 1.92f 1.98f 30.76f 33.76f 

Three 14.93e 15.42f 2.23d 2.28d 39.18d 42.18d 

Four 15.98d 16.67d 2.38b 2.47b 49.51b 52.51b 

Line 

No of times of 

supplementary 

pollination 

Seed set 

(%) 

Seed yield 

(t ha-1) 

Harvest index 

(%) 

2020 2021 2020 2021 2020 2021 

IR69625A 

Control 5.89h 7.37h 0.847i 0.912i 12.01i 12.64i 

Once 13.64f 15.25f 1.096g 1.161g 14.37g 14.85g 

Two 15.91e 17.56e 1.197e 1.262e 15.62e 16.15e 

Three 20.49c 22.22c 1.343c 1.408c 16.68d 17.45c 

Four 25.13a 26.94a 1.430a 1.495a 17.92a 18.69a 

G46A 

Control 4.73i 6.19i 0.809j 0.871j 11.29j 12.24j 

One 11.39g 12.97g 1.044h 1.109h 13.24h 14.19h 

Two 11.39g 15.52f 1.157f 1.222f 14.48f 15.43f 

Three 17.70d 19.40d 1.274d 1.339d 15.68d 16.43d 

Four 22.43b 24.22b 1.350b 1.415b 16.86b 17.81b 

Results in Table (9) showed that the interaction between plant dates 

of rows of restorer line and the number of times of supplementary 

pollination showed a highly significant effect on the number of fertile 

panicles per hill-1, panicle weight, number of filled grains per panicle-1, seed 

set, seed yield and harvest index during both seasons.  
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Table 9. Effect of interaction between sowing dates of restorer line and 

time(s) of supplementary pollination on yield characteristics 

during 2020 and 2021 seasons. 

Sowing 

Date (S) 

Times of 

Supplementary 

pollination 

No. of fertile 

panicles hill-1 
Panicle weight (g) 

No. of filled grain 

panicle-1 

2020 2021 2020 2021 2020 2021 

S1 

Control 7.02l 8.01l 1.19m 1.25n 10.45n 13.45n 

One 11.77i 12.25i 1.50j 1.56k 23.04k 26.04k 

Two 13.24h 14.26h 1.63i 1.67j 28.56i 31.56i 

Three 14.48f 15.04g 1.74g 1.81h 34.05g 37.05g 

Four 15.51e 15.98e 1.91f 1.97f 42.46d 45.46d 

S2 

Control 8.20k 8.96k 1.23l 1.28m 11.82m 14.82m 

One 13.62g 14.20h 1.65h 1.72i 27.81j 30.81j 

Two 15.44e 16.04e 1.75g 1.83g 33.32h 36.32h 

Three 16.40d 17.13c 2.26e 2.37e 40.81e 43.81e 

Four 17.27c 18.01b 2.47d 2.55d 53.85b 56.85b 

S3 

Control 9.04j 9.61j 1.34k 1.45l 13.33l 16.33l 

One 14.53f 15.37f 1.73g 1.81gh 32.82h 35.81h 

Two 16.29d 16.81d 2.53c 2.61c 37.72f 40.72f 

Three 17.76b 18.13b 2.85b 2.89b 52.91c 55.91c 

Four 19.04a 20.18a 2.99a 3.13a 62.53a 65.53a 

Sowing 

Date (S) 

Times of 

Supplementary 

pollination 

Seed set 

(%) 

Seed yield 

(t ha-1) 

Harvest index 

(%) 

2020 2021 2020 2021 2020 2021 

S1 

Control 4.68m 6.14m 0.774n 0.839o 10.96n 11.79l 

One 10.32j 11.88j 0.987l 1.052l 12.29l 13.03j 

Two 12.80i 14.41i 1.068j 1.133j 13.26j 13.92i 

Three 15.26g 16.91g 1.131i 1.196i 14.37i 15.01g 

Four 19.03d 20.75d 1.176h 1.241h 16.16f 16.81e 

S2 

Control 5.29l 6.75l 0.381m 0.894n 11.66m 12.47k 

One 12.48i 14.08i 0.615j 1.108k 13.96j 14.67h 

Two 14.98gh 16.62gh 1.043k 1.251f 15.30g 15.89f 

Three 18.29e 19.99e 1.186f 1.293e 16.71d 17.59d 

Four 24.13b 25.94b 1.283c 1.348c 17.46c 18.59b 

S3 

Control 5.98k 7.46k 0.877m 0.942m 12.32l 13.05j 

One 14.74h 16.38h 1.180g 1.245g 15.15h 15.87f 

Two 16.92f 18.60f 1.278d 1.343d 16.59e 17.55d 

Three 23.73c 25.24c 1.567b 1.632b 17.46c 18.52c 

Four 28.16a 30.05a 1.710a 1.775a 18.38a 19.35a 
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Three sowing dates of restorer line (S3) with four times of 

supplementary pollination produced the highest value of fertile panicles hill-

1, panicle weight, number of filled grains per panicle-1, seed set, seed yield 

and harvest index. On the other hand, the lowest number of fertile panicles 

per hill, panicle weight, number of filled grains per panicle, seed set, seed 

yield and harvest index during both seasons were obtained under one 

planting date of restorer line without supplementary pollination. 

The results in Table (10) shows that the interaction among CMS 

lines, plant dates of rows of restorer line, and the number of times of 

supplementary pollination had a highly significant effect on number of 

fertile panicles hill-1, panicle weight, number of filled grains panicle-1, seed 

set, seed yield and harvest index during both seasons. CMS line IR69625A 

with three planting dates of restorer line (S3) under four times 

supplementary pollination produced the highest values of number of fertile 

panicles hill-1 (20.22 and 21.38), panicle weight (2.99 and 3.27 g), number 

of filled grains panicle-1 (67.25 and 70.25), seed set (30.01 and 31.92%), 

seed yield (1.804 and 1.869 t ha-1). Meanwhile, the lowest values of number 

of fertile panicles hill-1 (6.53 and 7.26), panicle weight (1.19 and 1.25 g), 

number of filled grains panicle-1 (9.24 and 12.24), seed set (4.16 and 5.61 

%), seed yield (0.761 and 0.826 t ha-1) and harvest index (10.61 and 11.56 

%) during 2020 and 2021 seasons were recorded with CMS line G46A 

when rows of restorer line were planted on the same date (S1) without 

supplementary pollination.  

DISCUSSION 

Climate change has an impact on a wide range of plants in many 

ways. Climate change is affecting the ranges of both CMS lines and 

restorer. This discrepancy is evident in recent studies on flowering parental 

lines and great attention has been paid to change in flowering time. In 

contrast, little study has been done on direct physiological impacts, despite 

the fact that these effects are expected to have significant implications for 

parental lines interaction. Rice production should be increased to cope with 

continuing population growth and the threat of environmental pressures. In 

that context cytoplasmic male sterility (CMS) system is a beneficial 
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approach for commercial exploitation of heterosis and producing high-

yielding hybrid rice.  

Table 10. Effect of interaction between CMS lines, sowing dates of 

restorer line, and number of time(s) of supplementary 

pollination on yield characteristics during 2020 and 2021 

seasons. 

Lines (L) 
Sowing  

date (S) 

Times of 

supplementary 

pollination  

No. of fertile 

panicles hill-1 

Panicle weight 

(g) 

No. of filled grains 

panicle-1 

2020 2021 2020 2021 2020 2021 

IR69625A 

S1 

Control 7.5r 8.76p 1.21u 1.25v 11.66p 14.66p 

One  13.62k 14.42i 1.52p 1.58q 26.00l 29.00l 

Two 15.08ij 16.50e 1.66n 1.70o 31.50j 34.50j 

Three 16.30gh 17.02d 1.78l 1.86l 38.00h 41.00h 

Four 17.33e 17.93c 1.95i 2.01j 44.00e 47.00e 

S2 

Control 8.62p 9.90n 1.26t 1.31u 13.50o 16.50o 

One  15.28ij 16.03f 1.69m 1.75mn 30.25jk 33.25jk 

Two 16.87f 17.12d 1.81k 1.86l 35.50i 38.50i 

Three 17.44e 18.25c 2.32g 2.46h 44.50e 47.50e 

Four 18.22c 19.01b 2.55d 2.59e 57.93b 60.93b 

S3 

Control 9.93o 10.03n 1.36r 1.50s 14.50n 17.50n 

One  16.04h 16.85d 1.76l 1.86l 31.50j 38.35i 

Two 17.75de 18.04c 2.55d 2.66d 39.94g 42.94g 

Three 18.77b 19.07b 2.94b 2.97b 55.51c 58.51c 

Four 20.22a 21.38a 3.05a 3.27a 67.25a 70.24a 

G46A 

S1 

Control 6.53s 7.26r 1.17v 1.25v 9.24q 12.24q 

One  9.92o 10.09n 1.46q 1.55r 20.09m 23.09m 

Two 11.39n 12.02m 1.61p 1.61p 25.63l 28.63l 

Three 12.67l 13.05k 1.70m 1.76mn 30.11k 33.11k 

Four 13.68k 14.04j 1.86j 1.93k 40.93f 43.93f 

S2 

Control 7.77r 8.03q 1.22u 1.26v 10.15q 13.15q 

One  11.95m 12.37l 1.62o 1.70o 25.37l 28.37l 

Two 14.01k 14.97h 1.71m 1.78m 31.15jk 34.15jk 

Three 15.37i 16.01f 2.21h 2.28i 37.13h 40.13h 

Four 16.33gh 17.01d 2.37f 2.50g 49.76d 52.76d 

S3 

Control 8.16q 9.20o 1.31s 1.40t 12.16p 15.16p 

One  13.02l 13.89j 1.69m 1.77m 30.27jk 33.27jk 

Two 14.84j 15.58g 2.45e 2.56f 35.51i 38.51i 

Three 16.76fg 17.19d 2.78c 2.81c 50.31d 53.31d 

Four 17.93cd 18.98b 2.92b 2.99b 57.82b 60.82b 
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Table 10. Cont. 

Lines (L) 
Sowing  

date (S) 

Times of 

supplementar

y pollination  

Seed set  

(%) 

Seed yield  

(t ha-1) 

Harvest  

index (%) 

2020 2021 2020 2021 2020 2021 

IR69625A 

S1 

Control 5.20o 6.67o 0.787v 0.852v 11.32v 12.03u 

One  11.60l 13.18l 1.003q 1.068q 12.74q 13.26p 

Two 14.06k 15.68k 1.084o 1.147o 13.87n 14.25n 

Three 16.96i 18.63i 1.153m 1.218m 14.95l 15.27k 

Four 19.64f 21.36f 1.191j 1.255j 16.83f 17.18f 

S2 

Control 6.02n 7.48n 0.851t 0.916t 12.08s 12.75s 

One  13.51k 15.13k 1.083o 1.147o 14.65m 15.11l 

Two 15.87j 17.53j 1.204i 1.269i 15.95i 16.19i 

Three 19.87f 21.59f 1.251h 1.316h 17.21d 18.04e 

Four 25.73c 27.55c 1.294f 1.359f 18.02b 19.02b 

S3 

Control 6.47n 7.95n 0.904s 0.968s 12.62r 13.14q 

One  15.81j 17.46j 0.903s 1.267j 15.71j 16.19i 

Two 17.80h 19.48h 1.202i 1.369e 17.05e 18.01e 

Three 24.64d 26.44d 1.625b 1.690b 17.88c 19.04b 

Four 30.01a 31.92a 1.804a 1.869a 18.91a 19.89a 

G46A 

S1 

Control 4.16p 5.61p 0.761w 0.826w 10.61x 11.56v 

One  9.04m 10.58m 0.972r 1.037r 11.84u 12.78s 

Two 11.54l 13.13l 1.052t 1.117p 12.66r 13.61o 

Three 13.66k 15.18k 1.108n 1.173n 13.81o 14.75m 

Four 18.43g 20.14g 1.161l 1.226l 15.50k 16.45h 

S2 

Control 4.56p 6.02p 0.807u 0.872u 11.25w 12.20t 

One  11.46l 13.05l 1.003q 1.068q 13.28p 14.23n 

Two 14.08k 15.72k 1.168k 1.226l 14.65m 15.60j 

Three 16.71i 18.39i 1.206i 1.271i 16.20g 17.15fg 

Four 22.54e 24.33e 1.273g 1.337g 17.23d 18.18d 

S3 

Control 5.48o 6.96o 0.852t 0.916t 12.02t 12.96r 

One  13.66a 15.30k 1.15lm 1.22lm 14.59m 15.54j 

Two 16.05j 17.73j 1.252h 1.317h 16.14h 17.09 

Three 22.83e 24.64e 1.510d 1.575d 17.04e 17.99e 

Four 26.41b 28.18b 1.616c 1.681c 17.86c 18.81c 

The period synchronization of flowering between the female and 

restorer line is crucial for an efficient and higher seed yield in multiplication 

cytoplasmic male sterile lines for hybrid seed production programmers 

(Bastawisi et al 1998). The leaf number diverged from 15.07 to 18.63 and 

from 17.05 to 19.89 for the CMS and R lines, respectively. The EAT ranged 

from 1069 to 12910℃ for the CMS line, and 1174 to 13,510℃ for the R 
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lines. The growth duration differences between CMS and R lines ranged 

from 1 to 19 days. Similarly, the leaf number difference between CMS and 

R lines ranged from 0 to 4.82. The seeding differences between CMS and R 

lines in terms of EAT were from 13.50 to 282.20 °C.  

Development of flowering can be influenced to some extent by 

factors such as energy supply, humidity, nutrients and water stress; it is 

principally controlled by temperature and photoperiod. For the optimal 

synchronization of flowering, the CMS parent should flower two to three 

days earlier than the R parent. Note that CMS and R lines have the same 

growth duration. Thus, methods of flowering synchronization between CMS 

lines and R lines has highly significant effects on flowering and agronomic 

characteristics of hybrid seed production.  

The number of leaves provided the highest seed yield (1.722 and 

1.830 t ha−1), and the hybrid combination of IR69625A x Giza 178R 

produced the highest seed yield of 1.583 and 1.691 t ha−1 in the 2020 and 

2021 seasons, respectively. The interaction between synchronization of 

flowering methods and CMS lines was highly significant. Number of leaves 

with the CMS line IR 69625A x Giza 178R gave the highest values of seed 

yield (1.760 and 1.870 t ha-1) in both seasons. Elshamey et al (2021) studied 

floral features because of their impact on cross-pollination efficiency and 

hybrid seed production. As a result, floral components are critical for 

identifying suitable parents, which might be used in a hybrid seed 

production program.  

The CMS lines and restorer showed significant variation for spikelet 

opening time, panicle exertion, and spikelet opening angle. The considerable 

variances revealed that the CMS lines functioned differently depending on 

which restorer was crossed. In addition, the vast range of variances 

demonstrated significant genetic heterogeneity among the employed parents 

and crosses, which might be used in hybrid rice breeding programs. Anis et 

al 2019, Suvi et al 2021 and Gaballah et al 2021b have all demonstrated 

genetic variability for floral characteristics.  

Seed set percentage on the female line depends on supplementary 

pollination by the restorer line at flowering in the production plot. The 

determination of suitable seeding dates is the primary and foremost step in 
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the successful synchronization of the parental lines (Huang et al 1994). 

However, seasonal and weather fluctuations had a significant impacts on the 

flowering of female and restorer line, as well as seed setting. Therefore, the 

seeding interval may not be the same for all environments. Actual practices 

for synchronization of flowering would have to be standardized for each 

hybrid and the location selected for multiplication of cytoplasmic male 

sterile lines for hybrid seed production. Sowing dates of male parents were 

found to have highly significant effect for seed yield, indicating the 

importance of seeding date in grain yield and related traits, and appropriate 

seeding time improved seed setting percentage and adjusted synchronization 

between multiplication of cytoplasmic male sterile lines for hybrid seed 

production lines CMS/B (Schmitz and Ransom 2021).  

To achieve good synchronization, different sowing dates of restorer 

line depend on many factors, viz., temperature degree, humidity percentage 

and soil fertility (Elshamey et al 2021). Regardless of the application, CMS 

systems face some challenges, such as limited B line germplasm resources, 

low genetic diversity between CMS lines and R line, male sterility 

instability under weather conditions, the negative effect of aberrant 

mitochondrial genes on hybrid performance, and the difficulty of 

incorporating new traits into parental lines (Mertes et al 2021). CMS hybrid 

rice could increase CMS source variety while lowering the risk of using a 

single CMS source. Casco et al 2021 pointed out that supplementary 

pollination should be done by shaking the pollen parent with ropes or sticks 

so that the pollen is shed effectively on A-line plants to increase seed set 

percentage. Supplementary pollination should be performed 3–4 times at 

20–30 minute intervals and should continue for 10–12 days during the 

flowering period (Elshamey et al 2021). Hybrid seed yield can be 

significantly increased by improving parent management and using effective 

supplementary pollination. Hybrid seed yield can be increased significantly 

(Hamad et al 2021 and Spielman et al 2021). It has been reported that 

shaking the panicles of pollen parents with a rope between two people or 

stirring the canopy layer of pollen parents with a bamboo stick can increase 

the horizontal dispersal of pollen grains during anthesis (supplementary 

pollination). Cao et al (2021) discovered that when seedlings are kept in the 
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nursery beds for an extended period, primary tiller buds on the lower nodes 

of the main Culm degenerate, resulting in decreased tiller production. 

Tillering begins about a fortnight after direct seeding if the seed is not 

planted too deeply. Tillering starts early in about a fortnight from sowing in 

the case of direct seeding. However, transplanted rice takes a little longer to 

begin tillering because it needs more time to recover from transplant shock. 

Tillering and growth proceed normally when rice seedlings are transplanted 

at the appropriate age (Huang et al  2021) and only a few tillers are 

produced during the vegetative period, resulting in a low yield if 

transplanting is delayed. 

To multiply CMS lines and produce hybrid seeds, we should be 

planting restorers and R lines, staggered to achieve optimized 

synchronization between CMS and R line. Meanwhile, the key to increasing 

CMS/R seed production is to optimize synchronization at sowing date 

differences. Moreover, it increased seed yield remarkably compared to other 

sowing dates. The CMS parent should bloom two to three days before the B 

parent. The CMS and R lines grow at the same rate; however, in all panicle 

developmental stages, the CMS line flowers one to two days earlier than the 

R line (Dhillon et al 2021 and Huang et al 2021). The R line should behave 

one stage earlier than the CMS line through the first three panicle 

development stages. Once the CMS line is longer than the R line in terms of 

growth duration, the CMS line should be two to three days ahead of the R 

line during the first three panicle development stages. 

CONCLUSION 

Synchronization of flowering between the restorer (R) line and 

cytoplasmic male sterile (CMS or A) line in hybrid rice seed production is 

very necessary to get higher hybrid seed yield. Through this study, it is clear 

that the leaves number method was the most accurate method, followed by 

the days to heading method. As for the method of effective accumulated 

temperature, it is affected by the temperature difference from year to year, 

which affects the flowering synchronization between the parental lines and 

leads to a reduction in out-cross in hybrid rice seed production. 
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