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ABSTRACT

Flowering synchronization between the restorer (R) line (Giza 178) and cytoplasmic male sterile (CMS

or A) line (IR58025A) in hybrid rice seed production plot is very needed to achieve greater seed yield. Two-
year experiment was carried out at the Experimental Farm of Sakha Agricultural Research Station, Kafr EI-
Sheikh, Egypt in the 2020 and 2021 seasons. This study aims to examine the effect of male to female ratio
(2R:10A, 2R:12A and 2R:14A), male direction (one way and two ways) and differences in days in flowering
between male and female (five, two days and without differences) on productivity of hybrid rice seed. A split
split-plot design in three replications was utilized. The main plots were the male to female ratio, while male
direction was arranged in the sub plot sand the differences in days to flowering were located in the sub-sub plots.
The obtained results showed that plant height, panicle exsertion percentage, panicle length and flag leaf angle
were not significantly affected by the male to female ratio, male direction and differences in days to flowering.
On the other hand, the number of panicles hill-%, panicle weight, seed set percentage, seed yield and harvest

index (%) were highly significantly affected by the male to female ratio, male direction and differences in days
to flowering. The highest values of seed yield (2.432 and 2.521 t ha') were obtained when using the male to
female ratio 2R:14A, two-way male direction and without differences in flowering.
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INTRODUCTION

Rice viewed as perhaps the main cereal crops not
only in Egypt but also across the whole world. Rice is
cultivated in more than one-fifth of the total summer
cultivated (0.600 million ha) area, which produced about 6
million tons of paddy rice with an average of 9.84 t ha'™.

In Egypt, rice production should be increase by 25-
30% to satisfy the needs of the developing populace. This
appears difficult taking into account the narrow gap between
yield potential and genuine yield (10.5 t ha?) in the last
seasons (RRTC., 2016). Among existing technologies to
upsurge yield, above the current ceiling, is the taking
advantage of heterosis in hybrid rice, which seems to be a
practicable approach for Egypt (EI-Mowafi et al.,2016).

However, the success of hybrid seed production
requires a higher crossing rate to achieve a maximum seed
yield. Thus, the production of hybrid rice seed necessitates
specialized techniques, which need to be thoroughly
understood previous to starting this venture.

Among the factors that influence the extent of seed
set and eventually the seed yield, is row ratio (proportion of
rows of male parent to that of female parent in a seed
production plot). To obtain higher seed yields, the row
ratios should be such that the seed yields will be higher per
unit area. The male and female ratio should be maintained
in such a way that the male rows produce enough pollen to
pollinate most effectively the female rows. Prior knowledge
of the wind direction of the hybrid seed production area is
essential. The row of seed production plots should be
arranged in such a way that they are perpendicular to the
wind direction during the flowering period. This will
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improve the natural cross pollination leading in increased
seed yield (Bidhan and Vijay, 2013). Besides, row ratio,
seed yields also, depend on row direction, panicle structure
and the pollen load of restorer lines (Mao et al., 1996).

Production of hybrid seeds depends on the
synchronization of flowering of the parental lines. By
synchronization of flowering, the seed and pollinator
parents flower simultaneously even though they may have
dissimilar growth periods. Synchronization of flowering is
very important because pollen grains from R line should be
available to the A line throughout its flowering period. By
adjusting the sowing dates of the parents in the seedbed, they
flower at the same time in the field (Maurya, 1998 and
Rahman 2012). Synchronization of flowering between the
restorer line (Giza 178) and cytoplasmic male sterility line
(IR58025A) assumes vital significance as the seed set on the
female parent relies upon how much of pollen provided
from the male parent throughout the flowering period.
Inability to get the correct synchronization is generally
experienced issue in hybrid rice seed production, which
leads to exceptionally poor or no seed set at all. Knowing
the flowering behavior of the parental lines that diverges
with the sowing date is absolutely necessary to decide the
precise difference in days to flowering between the parental
lines. If there is a flowering gap, the issue of non-
synchronization could be defeat by staggered sowing of the
male parents in light of the data on days to flowering (Yuan,
1985). Although the sowing date is modified, sometimes the
parents do not flower simultaneously due to the differential
response of the parents to stress conditions (Mondo et al.,
2016).
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The investigation aims to know the effect of male to
female ratio, male direction and differences in days to
flowering between male and female on growth and yield
characteristics and its components on the production of
hybrid rice seeds under the environmental conditions of
Kafr EI-Sheikh, Governorate, Egypt.

MATERIALS AND METHODS

A field experiment was layout at the Farm of Sakha
Agricultural Research Station, Egypt, during the 2020 and
2021 rice growing seasons. A split split-plot design in three
replications was utilized. The main-plots were dedicated to
the male to female ratio (2R:10A, 2R:12A and 2R:14A),
while male direction (one way and two ways) was organized
in the sub plots and differences in days to flowering was
placed in the sub-sub plots. The CMS line IR58025 (as the
female parent) were broadcasted in the well prepared
nursery on 1% May while the male parent Giza 178 R was
sown on three different dates as follows, A- The male parent
Giza 178 R was sown on 121" May which is nine days later
than the CMS line IR58025 to get a proper synchronization
of flowering (there is no difference between the male and
the female line in flowering), B- The male parent Giza 178
R was sown on 14" May which is eleven days later than the
CMS line IR58025 to get two days difference between male
parent and female line in flowering), C- The male parent
Giza 178 R was sown on 17" May which is fourteen days
later than the CMS line IR58025 to get five days difference
between the male parent and the female line in flowering
(Figures 1 and 2). Rice seeds were soaked at 20 kg ha* (15
kg from the CMS line IR58025 (A) and 5 kg from the
restorer line Giza 178 (R)) in freshwater for 24 hours, next
drained and incubated for 48 hours to speed up germination.
Pre-germinated seeds were sown according to treatments.
The permanent field was properly prepared, i.e. plowed
twice and well dry leveled. Phosphorous fertilizer was
added in the form of single super phosphate (15.5% P,Os) at
the rate of 36 P,Os kg ha® before tillage. Nitrogen in the
form of urea (46% N) at the rate of 165 kg N ha was added
(2/3 as basal dressing, and the rest at panicle initiation). Zinc
sulphate (22 % ZnSOs,) at the rate of 50 kg ha™* was added
after paddling and before planting. Thirty days old seedlings
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of R and A lines were transplanted by 3 and 2 seedlings per
hill, respectively. The row direction was perpendicular to
wind direction. The row spacing kept up with for R-R, R-A
and A-A lines were 20, 30, and 15 cm, respectively. Hill
spacing for both R and A lines were kept up with at 15 cm.
Isolation space of 100 m was considered for CMS seed
production. Furthermore, the trial field was encircled by
extra 20 rows of R lines to keep out from any chance of cross
pollination. Each principal plot was detached by plastic
hindrance (2.5m height) to keep away from any pollen
transfer from treatment to another. Twice of GA;s foliar
application was done; the first spray (40% of GAs ) when A
line was at 15-20% heading, and the other spray (60% of
GA:) was applied when A line was at 35-40% heading (five
days subsequent heading). The pollen of restorer line Giza
178 (R line) was shaken by bamboo sticks to give
supplementary pollination. This procedure was performed
2-3 times in between 9 am to 11.30 am for ten days. All
cultural practices were practiced as recommended.

Data were collected for; plant height (cm), panicle
exsertion (%), panicle length (cm), flag leaf angle, number
of fertile panicles hill*%, panicle weight (g), seed set (%), seed
yield (t ha) and harvest index (%). The yield was gathered
when 80% of the grains became brilliant yellow in variety.
Grains were sun-dried and adjusted at 14% dampness
content to assess grain yield.

Panicle exsertion percentage was calculated
according to the following formula:

Panicle exsertion % = Exserted panicle length (cm)

Panicle length (cm)
100
Seed set percentage was calculated according to the
following formula:

Seed set % = . : x 100
Total spikelet number panicle-1

The data were collected according to the Standard
Evaluation System of IRRI (2014) for all the studied
characters. The data were analyzed via the ANOVA
technique (Gomez and Gomez, 1984) and the mean
differences were compared via the Duncan’s Multiple
Range Test (1955) using a statistical computer package
COSTAT.

Number of filled grains panicle-1
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Fig. 1. Transplanting patterns of A and R lines operated in hybrid rice seed production plots
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Figure 2. A =that the CMS line IR58025 was sown May 1%t while the restorer Giza 178 R was sown on 121" May

there is no difference between the male and the female line in flowering.
B = that the CMS line IR58025 was sown May 1% while the restorer Giza 178 R was sown on 14" May to get two days difference

between male parent and female line in flowering.

C =the CMS line IR58025 was sown May 1% while the restorer Giza 178 R was sown on 171" May to get five days difference between

the male parent and the female line in flowering.

RESULTS AND DISCUSSION

Effect of male to female ratio, male direction and
difference in days to flowering as well as their interaction on
plant height, flag leaf angle, panicle exertion and panicle
length characters are given in Table 1.

Results in Table 1 showed that male to female ratio,
male direction, the difference in days to flowering between
male and female as well as their interactions were not

significantly affected plant height, flag leaf angle, panicle
exertion and panicle length during both seasons. The results
are in concurrence with those reported by Rahman et al.,
(2012) who stated that the plant height, number of tillers and
panicle exertion rate did not differ at various row ratios. The
infect hereditary structure of a variety is accountable for
manifesting the above-mentioned traits. Rather hereditary
potentiality is fixed by an individual variety.

Table 1. Effect of male to female ratio, male direction and difference in days to flowering as well as their interactions
on plant characteristics during the 2020 and 2021 seasons.

Plant height (cm) Flag leaf angle () Panicle exertion (%) Panicle length (cm)
2020 2021 2020 2021 2020 2021 2020 2021
Male to female ratio (R)
2R:10A 115.83 116.15 39.04 38.26 74.70 75.70 24.09 2384
2R: 12A 115.94 115.99 38.59 37.81 74.18 75.97 24.00 23.85
2R: 14A 115.68 116.02 38.68 3791 74.09 75.81 23.78 23.66
F-test NS NS NS NS NS NS NS NS
Male direction (D)
One way 115.78 116.05 38.92 38.14 74.15 75.07 2391 23.82
Two way 115.85 116.07 38.62 37.84 74.56 75.80 24.07 23.74
F-test NS NS NS NS NS NS NS NS
Difference in days to flowering (F)
Five days 115.88 116.18 38.65 37.87 74.92 75.92 24.02 23.77
Two days 115.80 116.06 38.43 37.65 74.85 75.20 24.10 23.85
Without difference 115.77 115.95 39.23 38.45 74.60 75.08 23.90 2372
F-test NS NS NS NS NS NS NS NS
Interaction

Rx D NS NS NS NS NS NS NS NS
RxF NS NS NS NS NS NS NS NS
DxF NS NS NS NS NS NS NS NS
RxDxF NS NS NS NS NS NS NS NS

NS not significant at the 5% level of probability.

Effect of male to female ratio, male direction and
difference in days to flowering between male and female as
well as their interactions were a highly significant influences
on the number of fertile panicles hill?, panicle weight, seed
set, seed yield and harvest index characters as given in
(Table 2).The effect of male to female ratio has a highly
significant effect on the number of fertile panicles hill?,
panicle weight, seed set, seed yield and harvest index. The
male to female ratio 2R:12A gave the highest values (17.86

and 18.76) of the number of fertile panicles hill%, while the
male to female ratio 2R:10A gave the highest values (2.74
and 2.49 g) of panicle weight and highest percent of seed set
(32.12 and 33.48 %).While the highest seed yield (1.758 and
1.848t ha*) was obtained when the male to female ratio was
2R:14A in both seasons, respectively. This may be due to
that 2R:14A had higher plant density which resulted in
higher seed yield. Also, results showed that the male to
female ratio 2R:10A recorded the highest values (18.94 and
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19.84%) for harvest index in the 2020 and 2021 seasons,
respectively. But, the male to female ratio 2R:14A produced
the lowest values (16.59 and 17.54) for number of fertile
panicles hill%, (2.45 and 2.20 g) for panicle weight, (29.32
and 30.68 %) for seed set and (17.81 and 18.71 %) for
harvest index, while the male to female ratio 2R:10A
recorded the lowest values (1.447 and 1.537 t ha'™) for seed
yield in the first and second seasons, respectively. The
outcome are in conformity with those stated by Rahman et
al., (2012) and Hamad et al., (2021).

Male direction has a highly significant effect on the
number of fertile panicles hill%, panicle weight, seed set,
seed yield and harvest index. The male direction in two
ways produced the highest value (18.47 and 19.40) for the
number of fertile panicles hill"X(2.92 and 2.67g) for panicle
weight, (32.27 and 33.63 %) for seed set, (1.834 and 1.924 t
hal) for seed yield and(19.65 and 20.55%) for harvest index

in the 2020 and 2021 seasons, respectively. On the other
hand, male direction one way gave the lowest values(16.04
and 16.94) for number of fertile panicles hill*(2.40 and 1.99
g) for panicle weight (29.07 and 30.43 %) for seed set,
(1.380 and 1.470 t ha'?) for seed yield and (17.24 and 18.14
%)for  harvest index in the 2020 and
2021seasons,respectively. These results may be due to that
planting the male in two directions way produced a higher
number of fertile panicle, heavier panicle weight and
maximum seed setting percentage which consequently gave
higher grain yield. Similar results were also found by EI-
Mowafi et al., (2016) and Selim et al., (2018). Who stated
that row of seed production plots should be arranged in such
a way that they are perpendicular to the wind direction
during the flowering period. This will improve the natural
cross pollination leading to increased seed yield

Table 2. Effect of male to female ratio, male direction and difference in days to flowering as well as their interactions
on panicle characteristics and yield during 2020 and 2021 seasons.

Number of fertile panicles hill* Panicle weight (g)  Seed set (%) Seed yield (tha™) Harvest index (%)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Male to female ratio (R)
2R: 10A 17.30b 18.20b 2742  249a 3212a 3348a 145c 154c 1894a 19.84a
2R: 12A 17.86a 18.76a 255b 230b 3057b 3197b 162b 1.71b  1859b  19.49b
2R: 14A 16.59¢c 17.54c 245c  220c 29.32c 30.68c 176a 1.85a 17.81c 18.71c
F_test ** ** ** ** ** ** ** ** ** **
Male direction (D)
One way 16.04b 16.94b 2400 199 29.07b 3043b 1.380b 1.47b 17.24b 18.14b
Two way 18.47a 19.40a 292a 267a 3227a 3363a 1.834a 192a 19.65a 20.55a
F_test ** ** *% ** *%* ** ** ** *% *%
Difference in days to flowering (F)
Five days 14.49c 15.39¢c 1.85¢c 1.60c 2164c 2300c 092c 1.00c 15.78c 16.68c
Two days 18.01b 18.97b 268 243b  3391b 3527b 187b 196b 18.88b  19.78b
Without difference 19.25a 20.15a 3.21a 296a 36.46a 37.82a 2.04a 212a 2067a 2157a
F_test ** ** ** ** ** ** ** ** ** **
Interaction

R X D *x *xk *% *x *% *% *x *x ** **
R X F *x *xk *% *xk *% *% *x *x ** **
D X F *x *k *% *k *% *% *x *x ** **
R X D X F ** ** ** ** ** ** ** ** ** **

** Highly significant at the 1% level of probability.

A difference in days to flowering between male and
female lines has a highly significant effect on the number of
fertile panicles hillX, panicle weight, seed set, seed yield and
harvest index. Without difference between male and female
lines produced the highest values (19.25 and 20.15) for the
number of fertile panicles hill%, (3.21 and 2.96g) for panicle
weight, (36.46 and 37.82 %) for seed set, (2.037 and 2.127 t
ha™) for seed yield and (20.67 and 21.57 %) for harvest
index in 2020 and 2021 seasons, respectively. By contrast,
five days difference in flowering gave the lowest values
(14.49 and 15.39 hill) for the number of fertile panicles hill
1 (1.85 and 1.60g) for panicle weight, (21.64 and 23.00 %)
for seed set, (0.915 and 1.004 t ha) for seed yield and
(15.78 and 16.68%) for harvest index in 2020 and 2021
seasons, respectively. The results are in agreement with
those reported by Varma et al., (2018) who stated that the
seed set on the female parent relies upon the pollen provided
from the restorer parent throughout the flowering period. To
accomplish good synchronization between parental lines,
determination the sowing period of these lines is essential
factor in hybrid seed production. Parental lines of the most
hybrid combinations vary in duration of their growth, so the

sowing of parental lines must be changed in such a way that
it reaches flowering simultaneously.

All the interactions were highly significant for the
number of fertile panicles hill%, panicle weight, seed set,
seed yield and harvest index during both seasons.

The results in Table 3 indicated that the interaction
between male to female ratio and male direction was highly
significantly affected on the number of fertile panicles hill™,
panicle weight, seed set, seed yield and harvest index in both
seasons. Male to female ratio 2R:12A with two-ways male
direction produced the highest values (19.21 and 20.11) for
the number of fertile panicles hill™X. While, male to female
ratio 2R:10A with two directions produced the highest values
(3.07 and 2.82 g) for panicle weight, (34.07 and 35.43 %) for
seed set, (20.72 and 21.62 %) for harvest index in both
seasons, respectively. On the other hand, the male to female
ratio 2R:14A with two directions produced the highest values
(1996 and 2.08 t hal) for seed yield in both seasons,
respectively. However, the lowest values of the number of
fertile panicles hill*(15.70 and 16.60), panicle weight (2.12
and 1.86 g), seed set(27.87 and 29.23 %) and harvest index
(16.81 and 17.71 %) were obtained when male to female ratio
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2R:14A with one-way male direction. While, the male to
female ratio 2R:10A with one-way male direction produced
the lowest values (1.181 and 1.271 t ha®) of seed yield in both
seasons, respectively. This might be due to the optimal
availability of pollen that resulting in the maximum efficiency
of grain formation. The outcomes are in concurrence with
those revealed by Abo-Youssef (2009) and Rahman et al.,

(2010) who reported that to multiply CMS lines and produce
hybrid seeds, we should be planting maintainers and R lines,
staggered to achieve optimized synchronization between
CMS and R. 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.

Table 3. Interaction effect between male to female ratio and male direction on panicle characteristics and seed yield

during 2020 and 2021 seasons.

Male to Male Number of fertile panicles hill* Panicle weight (g)  Seed set (%)  Seed yield (thal) Harvest index (%)
female ratio direction 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
SR'10A One way 15.90e 16.80e 2.41d 215d 30.17d 31.53d 1.181d 1.271d 17.16e 18.06e

) Twoway 18.71b 19.61b 3.07a 282a 34.07a 3543a 1.714b 1.804b 20.72a 21.62a
IR2A One way 16.52d 17.43d 2.19% 194e 29.16e 30.52e 1.439¢c 1529¢ 17.75d 18.65d

) Twoway  19.21a 20.11a 291b  2.66h 31.98b 3334b 1.793b 1.883b 19.42b  20.32b
OR1AA Oneway  15.70e 16.60e 2.12f 1.86f 27.87f 29.23f 1520c 1.610c 16.81f 17.71f

) Twoway  17.48c 18.49c 2.79c 254c  30.77c 3213c 1996a 2.086a 18.8lc 19.71b

Number in the same column followed by the same letter are not significantly different at 0.05 level

The results in Table 4 showed that the interaction
between male to female ratio and differences in days to
flowering was a highly significant effect on the number of
fertile panicles hillX, panicle weight, seed set, seed yield and
harvest index in both seasons. The male to female ratio
2R:12A without differences in flowering between male and
female parents produced the highest values (20.07 and
20.79) of the number of fertile panicles hill'* and heaviest
panicle weight (3.39 and 3.14 g) in both seasons. While the

male to female ratio 2R:10A without differences in
flowering between male and female parents produced the
highest values (37.58 and 38.94 %) of seed set and harvest
index (20.90 and 21.80 %) in both seasons. On the other
hand, the male to female ratio 2R:14A without differences
in flowering between male and female parent produced the
highest values (2.232 and 2.321 t ha) of the seed yield
during 2020 and 2021 seasons, respectively.

Table 4. Effect of interaction between male to female ratio and difference in days to flowering on panicle
characteristics and yield during 2020 and 2021 seasons.

Male to Differences Number of fertile Panicle Seed Seed Harvest
female in days to panicles /hill weight (g) set (%) yield (thal) index (%)
ratio flowering 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Five days 1423f 1513f 1.92g 1679 2295 24.31g 0.855f 0.945f 16.40f  17.31f
2R:10A Two days 1798c 18.88c 2.96¢c 2.71c 35.85c 27.21c 1.621d 1.711d  1959¢  20.49c
Without difference 19.71ab 20.62ab 3.34b 3.09b 3758a 3894a 1.866¢ 1.956¢ 20.90a 21.80a
Five days 14.05f  14.95f 1.83h 158h 21.74h 23.10h 0.935ef 1.025¢f 15.83g 16.73g
2R :12A Two days 19.46b  20.36b  2.44f 219f 3342 3478  1.900c 1.990c  19.05d  19.95d
Without difference 20.07a 20.79a 3.39a 3.14a 3657b 37.93b 2014b  2.104b  20.83a 21.73a
Five days 15.20e 16.11e 1.81h 156h 20.24i 21.60i 0.953e 1.043¢  15.12h  16.02h
2R :14A Two days 16.60d 17.66d 2.65e 2.40e 3247f 33.83f 2.09b 2.180b  18.00e  18.90e
Without difference 17.97c  18.87c 290d 265d 3525d 36.61d 2232a 2.32l1a 20.30b 21.20b

Number in the same column followed by the same letter are not significantly different at 0.05 level

On the other hand, the male to female ratio 2R:12A
with five days differences in flowering between male and
female line gave the lowest values (14.05 and 14.95) of
number of fertile panicles hill*.While, the male to female
ratio 2R:14A with five days' differences in flowering
between male and female lines gave the lowest values (1.81
and 1.56 g) of panicle weight, seed set (20.24 and 21.60 %)
and harvest index (15.21 and 16.02 %) in 2020 and 2021
seasons, respectively. While the male to female ratio
2R:10A with five days differences in flowering between
male and female line gave the lowest values (0.855and
0.945 tha) of seed yield during both seasons, respectively.
Deciding the optimization male: female proportion is
significant for getting an economically feasible, hybrid seed
production program. The optimization row ratio not only
lowers the fee of manufacture of hybrid seed but also helps
in improvement usage of the available resources.

The results in Table 5 showed that the interaction
between male direction and differences in flowering
between male and female line was a highly significant effect

on the number of fertile panicles hill?, panicle weight, seed
set, seed yield and harvest index in both seasons. The male
direction in two ways without differences in flowering
between male and female line produced the highest values
(20.79 and 21.69) of the number of fertile panicles hill?,
panicle weight (3.54 and 3.29 g), seed set, (37.68 and 39.04
%) seed yield (2.206 and 2.296 t ha’) and harvest index
(21.84 and 22.74 %) in 2020 and 2021 seasons, respectively.
However, The male direction in one way recorded the
lowest values(13.56 and 14.46) of the number of fertile
panicles hill%, panicle weight (1.56 and 1.31 g), seed set
(19.51 and 20.86 %),seed yield (0.652 and 0.742 t ha'*) and
harvest index (14.67 and 15.57 %) in 2020 and 2021
seasons, respectively when the differences in flowering
between male and female line were five days. The
determination of suitable seeding dates is the primary and
foremost step in the successful synchronization of the
parental lines (Huang et al., 2021). Actual practices for
synchronization of flowering would have to be standardized
for each hybrid and the location selected for hybrid seed
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production. Sowing dates of male parents were found to be
highly significant for seed yield (Hamad et al., 2020).
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 cytoplasmic male sterile lines for hybrid seed
production lines CMS/R (Schmitz and Ransom, 2021).

Table 5. Effect of interaction between male direction and difference in days to flowering on panicle characteristics

and yield during 2020 and 2021 seasons.

Male Differencein  Number of fertile panicles hill* Panicle weight(g)  Seedset(%0)  Seedyvield (tha®) Harvest index(%0)

direction days to flowering 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Five days 13.56f 14.46f 156f 131f 1951f 2086f 0.652f 0.742f 1467f 1557f

One way Two days 16.84d 17.74d 228d 203d 3246d 3382d 1620d 1710 1754d 1845d
Without difference 17.71c 18.61c 287c  262c 3524c 3660c 1.868c 1.958c 1951c 204lc
Five days 15.42¢ 16.32e 215e 190e 2378 25.14e 1177e 1267e 16.8% 17.7%
Two way Two days 19.18b 20.19 308 283 3536b 36.72b 2120b 2210b 2021b 21.11b
Without difference 20.79a 21.6% 354a 329 37.68a 39.04a 2206a 2.29%a 2184a 22.74a

Number in the same column followed by the same letter are not significantly different at 0.05 level

The results in Table 6 indicated that the interaction  flowering day between male parent and female parent

between male to female ratio, male direction and difference
in days to flowering was a highly significantly affect on the
number of fertile panicles hill%, panicle weight, seed set,
seed yield and harvest index in both seasons. Male to female
ratio 2R:12A with two way male direction without
differences in the flowering day between male parent and
female parent produced the highest values (22.12 and 23.02)
of the number of fertile panicles hill* and the heaviest
panicle weight (3.79 and 3.54 g).While male to female ratio
2R:10A in two directions without differences in the
flowering day between male parent and female parent
produced the highest values (39.03 and 40.39 %) of seed set
and harvest index (22.84 and 23.73 %) in the 2020 and 2021
seasons, respectively. On the other hand, the male to female
ratio 2R:14A in two directions without differences in the

produced the highest values (2.432 and 2.521 t ha*) of seed
yield in both seasons, respectively. However, male to female
ratio 2R:12A in one way male direction when the difference
in flowering day between male parent and female parent was
five days produced the lowest values (13.03 and 13.96) of
the number of fertile panicles hill, panicle weight (1.52 and
1.27 g).The lowest seed yield (0.606 and 0.696 t ha) was
recorded when male to female was 2R:10A in one male
direction when the difference in the flowering day between
male parent and female parent was five days. While, male
to female ratio 2R:14A with one direction when the
difference in the flowering day between male parent and
female parent was five days produced the lowest values
(18.29 and 19.65 %) of seed set, and harvest index (14.12
and 15.03 %) in the 2020 and 2021 seasons, respectively.

Table 6. Effect of interaction among male to female ratio, male direction and difference in days to flowering on
panicle characteristics and yield during 2020 and 2021 seasons.

Male to Male Difference Numt_)er of fgrtile Pgnicle Seed _ Seed _ Harvest
female direction in days to panicles /hill* weight (g) set (%) yield (tha) index (%0)
ratio flowering 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Five days 1343] 1433k 152p 127p 20501 21861 0606j 0696 15060 15.960
One way Two days 16489 17.38g 2561 231i 3390f 3526f 1271h 1361h 1759k  18.49%
JR10A Without difference  17.80ef 18.70ef 314e 289% 36.13c 3749c 1666g 1756y 1883h  19.73h
’ Two way Five days 1503n 15931 232k 207k 2540i 26761 11051 11951 @ 17.74) 1864
Two days 1948c 2038c 336c 31llc 37.80b 39.16b 1971def 2.06ldef 2159  22.49b
Without difference 2163a 22532 354b 329 39.03a 4039 2066cd 2156c 2284a 23.73a
Five days 1303] 139k 1560p 13lop 19.72m 21.08m 0711 0801 1483p 1572
One way Two days 1648y 1936de 204n 179n 32479 3383y 1700 1790g 1805i  18.95i
IRI2A Without difference  18.03de  18.93def 299y 274g 3530d 36.66d 1.908ef 1998ef 2040d  21.30d
’ Five days 1504h  1594i 232k 185m 2376j 2512) 1.160hi 1250hi 16.82m 17.73m
Two way Two days 1948c 21.36b 284h 25%h 3437e 3573e 2100cd 2190cd 20.05e  20.95e
Without difference  22.12a 2302a 3792 354a 3783 3919 2121c 221lc  2140c 2230c
Five days 1421i 1511j 1600 135 1829n 1965n 0640 0730 14129 15.03q
One way Two days 1560h 1650hi 2251 2001 31.02h 3238h 1.890f 1980f 17.001  17.90I
SRIA Without difference  17.31f  1821f 250] 225 3429 3565¢ 2032cde 2.121cde 19.30f  20.20f
’ Five days 1621g 17.11gh 203n 177n 2219k 2355k 1267h 1357h 1612n  17.02n
Two way Two days 17.60ef 1883def 305f 2.80f 3392f 3528f 2290b 2380b 19.00g 19.90g
Without difference 1864d  1954d 330d 305d 36.19c 3755c 2432a 252la 21.30c  22.20c

Number in the same column followed by the same letter are not significantly different at 0.05 level

CONCLUSION

Rice production ought to be expanded to adapt to
proceeding with populace development and the risk of
ecological pressures. The cytoplasmic male sterility (CMS)
technique is a worthy methodology for the commercial
exploitation of heterosis and producing high-yielding hybrid

rice. The seed set percentage on the female lines highly
depends on synchronization between male and female line
in the hybrid rice seed production plot. Male to female ratio
2R:14A in two directions without differences in the
flowering day between male parent and female parent
produced the maximum values of seed yield in both seasons

172



J. of Plant Production, Mansoura Univ., Vol. 13 (5), May, 2022

REFERENCES

Abo-Youssef M., S. Dora, A. Abo-Shosha., E. EI-Shamey
(2009).The genetical analysis for yield and related
characters in some hybrid rice lines. Proceeding
Fifth Plant Breeding Egypt J. Plant Breed 11-22.

Bidhan R. and D. Vijay (2013). Rice (Oryza sativa L.).
Breeding, Biotechnology and Seed Production of
Field Crops Chapter: 4 Publisher: New India
Publishing Agenc. Editors: Bidhan Roy. 71:122.

Duncan D.B. (1955) Multiple range and multiple F tests.
Biometrics 11 (1):1-42

El-Mowafi, H. F., A. A. El Gammaal, E. F. A. Arafat and
W. A. A. Abd Elrahman (2016). Studies on hybrid
rice seed production for Egytian cytoplasmic genetic
male sterile line Sakha 1A/B multiplication, J. Agric.
Res. Kafr EI-Sheikh Univ. A. Plant production 42(3)
379-399.

Gomez, K. A. and A. A. Gomez (1984). Statistical
Procedures for Agricultural Research.2™ Ed. John
Wiley and Sons, Inc. New York, USA.

Hamad H., E. Gewaily, A. Ghoneim, M. Shehab and Neama
E. K. (2021) Improvement ability of male parent by
gibberellic acid application to enhancing the
outcrossing of cytoplasmic male sterility rice lines.
Acta agriculture Slovenica 117 (3):1-11.

Hamad, H. Sh and S. M. Bassiouni (2020). Hybrid Rice
Seed Production as Affected by Sowing Dates,
Seedling Ages and Male Rows Direction. J. of Plant
Production, Mansoura Univ.,11 (7):661-667.

Huang L, F. Wang, Y. Liu, X. Tian and Y. Zhang (2021).
Can optimizing seeding rate and planting density
alleviate the yield loss of double-season rice caused
by prolonged seedling age? Crop Science 61
(4):2759-2774.

IRRI (2014).Standard Evaluation System for Rice, 3"
International Rice Testing Program.

Mao, C. X, S. S. Virmani and I. H. Kumar (1996).
Technological innovations to lower the costs of
hybrid rice seed production. Proceeding of the 4th
International Symposium on hybrid rice. 14-16 Nov
1996, Hano, Vietnam, 111-126.

Maurya, D. M. (1998). Hybrid rice seed production
technology. Department of Genetics and Plant
Breeding, Narendra Deva University of Agriculture
and Technology, Kumarganj, Faizabad (U.P.) India,
pp. 76.

Mondo, V. H., A. S. Nascente, P. C. Neves, J. E. Taillebois
and M. O. A. Neto (2016). Flowering
synchronization in hybrid rice parental lines
Brazilian  Agricultural Research Corporation
(EMBRAPA), Rice and Beans Research Center,
AJCS10 (8):1213-1221.

Rahman M.H., M.M Khatun, M.S.R. Khan, M.A.K. Mian
and M.G. Rasul (2012). Effect of GA3 and row ratio
of restorer (R) and cms lines (A) on different
characters and seed production of BRRI Hybrid
Dhan2. Bangladesh J. Agril. Res. 37(4): 665-676.

Rahman, M. H., M. H. Ali, M. J. Hasan, M. U. Kulsum and
M. M. Khatun (2010). Outcrossing rate in row ratio
of restorer and CMS lines for hybrid rice seed
production.Eco-Friendly Agril. J. 3(5): 233-236.

RRTC, (2016). Proceeding of the 17" National program
Rice Research and Development Program
Workshop. RRTC, ARC, Egypt, 50 pp.

Schmitz P.K., J.K.Ransom (2021) Effects Seeding Rate on
Hybrid Spring Wheat Yield, Yield Components and
Quality. Agronomy 11 (6):1240, 1-14.

Selim, M. E., H. Sh. Hamad, M. A. A. ElSayed and E. A. Z.
El Shamey (2018). Studies on japonica hybrid rice
seed production under Egyptian conditions. Annals
of Agric. Sci., Moshtohor, 56 (3): 653-660.

Varma R. L., S. Singh, M. Kumar, D. Bal , D. Rout, S.
Samantaray and O. Singh (2018).Method
optimization for parental line synchronization in
hybrid rice seed production. Plant Archives Vol. 18,
Special Issue (ICAAAS-2018),pp. 200-204.

Yuan, L. P. (1985). A Concise Course in Hybrid Rice.
Hunan Technol Press, China, pp.168.

Gl SV s ) o A 9 Y G 3D DR 5 ) oladl g Y L) ) oy el A S
Al paal) 3 A g Al JlaS dard ¢ g sl sl ¢ daa A Gy
s -8l - A 5l Giganl) S ja - Aglial) Juualanal) & gag dga - SN (B il g igagll S s

e Jsanll (5 smi Dpaal 5 mgl) 5,1 6l 2l Jis 3 (A) IR58025 La 35 sises L K3 Aaiall Y1 5 (R)) VA 3 il Y1 ot 511 (3l 35

Y A AL T YY) ST anpe DA pean ¢ gl S L Bnel ) 31 gl Adana Ay aill e el 8 et a8 ) Y (g U sana e
(SR (505 e sy o Ased) a1 5 N o 5 AT 8 DAY 5 (a5 aayolail) W1 eladl « (A 140 RYs A12: RY (A 10:RY) Y
3l adaill 8 W olat i i W) () ) Rl s N il et o5 ) S N B (4 pe i) el et st 5 cpmel) 5OV (5 48 ) e
sl 5 ) (N V) iy Lsima alall 3855 4350 55 9 Jilind) Jshas (0035 bl gl e i) o jedal 2880 cnd odadll 6 o ) G 8 DAY (i i g
RN 5 Y ol 5 a1 ) ) ) Ay Sbimnl a5 () J gucmns ot Fguss Aol 5 5 65y sl Alllall aae Uy gime 505 Lty .l SW1 3 8D 5 Y
G el )3 ) £l Y1) Y R dladial e Lgde Jeanll 23 (S (ha Y,0Y) 5 Y, EVY) (gl Jpeandd adl Jlef of gl < ekl e LU B

s Y G e ) 8 B (535 )

0 5 g (8 DAY 5 3 seadll el YV A )5 ol 5S5 Ragiall a1 ) el ) e gl 55V (6 g8 ) oY ol

173



