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Development of new rice hybrids with high-yielding and superior in grain quality is the most important goal to enhance food
security as well as to achieve consumer requirements. High seed costs and poor grain quality are the major limiting factors for
adoption of hybrid rice. A practical way to improve hybrid seed quality and to increase production is possible to increase the
seed setting rate through improving the floral traits for parental lines. In the context, the study was conducted at the Rice Farm
and Laboratories of Sakha Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt in consecutive three rice growing
seasons in 2015, 2016 and 2017. The study focused mainly on characterization of the new promising hybrid ‘G46A/GZ9399R’
and its parental lines. The cytoplasmic male sterile (CMS) line and restorer line were evaluated for twenty-three floral traits
that influence outcrossing rate in hybrid rice under two seasons and there was a marked stability for most of these traits. As
compared with commercial check variety ‘Giza 178’, the new promising hybrid ‘G46A/GZ9399R’ showed its superiority in
all agro-morphological traits except plant height. This hybrid was very early, adapted widely and recorded 20.19% more yield
than commercial check variety ‘Giza 178’. Instead, this hybrid produced superiority in all grain quality properties except grain
length was medium grain and amylose content was equal for both studied genotypes compared to the check variety. In parallel,
the assessment of genetic purity established the SSR markers RM154, RM331, and RM297, amplified alleles specific to

differentiate parental lines of hybrid ‘G46A/GZ9399R".
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INTRODUCTION

Rice, Oryza sativa L. is considered the greatest staple crop
feeding over half of population of world. At present, the
world's population around 6 billion is likely to cross 8 billion
by 2030, which obliges that the rice productivity must
improve by 40% to meet the growing demand (Khush and
Brar, 2002; Bhavsar et al., 2017). Rice plays an important role
for ensuring food security and poverty alleviation in rice-
eating countries in addition farmers' income sources for the
majority of the world population (Miura et al., 2011) and it is
the staple food for the most of the people across the World,
who are living in rural and urban areas of tropical and
subtropical Asian countries (Cottyn, 2002; Cottyn et al.,
2009). To meet the challenge of providing extra rice from
appropriate lands, the rice varieties/hybrids with better yield
potential and greater yield stability is needed. Hybrid rice
technology and exploitation of hybrid vigour that has a yield
advantage of 20-25% over the best inbred varieties led to
adoption of this technology over 57% (17 million hectares) of
its rice area (Yuan, 2004). The productivity of rice and thus
contribute to self-sufficiency of food supply in rice-growing
countries (Cheng et al., 2007).

In Egypt rice production is about 5.8 million tons rough rice,
while sustaining self-sufficiency has enabled the country to
export as high as 800,000 tons of milled rice annually (USDA,
2016). Although Egypt has been one of the earliest countries
for trying to introduce hybrid rice technology, while goal
oriented systematic research was initiated in 1995 (Bastawisi
etal., 2003). The achievements include identification of many
heterotic hybrids for extensive on-farm testing, a large
number of hybrids under different stages of testing, near
success in the development of parental lines ideally adapted
to Egyptian conditions (EI-Mowafi et al., 2005). The results
of hybrid rice yield trials conducted during 1995 to 2009
confirmed that a number of early maturing hybrids yielded
about 20% more than the best commercial rice varieties. For
this reason, the government gave a high priority to develop
and use of hybrid rice.

The hybrid rice adoption is extremely restricted, due to its
higher seed cost and low hybrid seed production capacity. To
enhance and overcome to these challenges, it is necessary to
increase the yield of hybrid seed by improving the outcrossing
capacity of cytoplasmic male sterile (CMS) lines (Yang et al.,
2006; Cheng et al., 2007). Therefore, the characterization of
CMS lines for floral traits is one of the essential aspects for
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every breeder and that should be keep in mind while selecting
a parental line in hybrid rice breeding program. The extent of
outcrossing on cytoplasmic male sterile lines (CMS) is
influenced by its floral traits viz., stigma size, stigma exsertion
rate, style length and anther size, filament length, pollen
number anther? in pollen parent. The flowering behavior
traits influencing outcrossing in rice are time of blooming,
number of days of blooming, duration of blooming, duration
of floret opening, and angle of floret opening (Ishikawa et al.,
2017). During the last ten years, Rice Research and Training
Center (RRTC) in Egypt developed a large number of new
rice hybrids and their parental lines through testcross
nurseries (EI-Mowafi et al., 2008; Abd Allah, 2008; Anis,
2013; ElI-Mowafi et al., 2015; El-Badawy, 2016; Anis et al.,
2016 a,b; Anis et al., 2017; Hassan et al., 2017). From the
above cited earlier studies, it is confirming that the agro-
morphological traits have been major components for hybrids
identification and the plant description should start from its
early maturing up to record high grain yield. Since rice is a
self-pollinated crop; therefore, the big challenge for breeders
is to produce large-scale pure hybrid seeds for farmers to
increase rice production. It has been reported that the yield
has been reduced 100 kg/ha for every 1% impure hybrid seed
(Mao et al., 1996).

Adoption of new bio-technologies for crop improvement and
evaluation of hybrid seed genetic purity and agronomical
characteristics are the most necessary quality control traits in
hybrid seed production (Ansari et al., 2015; Al-Ashkar et al.,
2016; Ghori et al., 2016; Bakht et al., 2017). The present
investigation was under taken with an objective of
characterization and identification of the distinguished
features of new promising rice hybrid ‘G46A/GZ9399R’ and
its parental lines for floral, agronomic traits and assessment
of genetic purity.

MATERIALS AND METHODS

Site description of the present research: The experiment was
conducted at the Rice Farm and Laboratories of Sakha
Agricultural Research Station, Sakha, Kafr EI-Sheikh, Egypt
during 2015, 2016 and 2017 successive rice growing seasons.
The study focused on characterization and comparison of the
new promising hybrid ‘G46A/GZ9399R’ with the cultivated
high yielding inbred variety ‘Giza 178 (hybrid and
conventional rice), screening the floral traits for its parental
lines and assessment of genetic purity.

Development history of new promising rice hybrid
‘G464/GZ9399R’:  Three-line  hybrid  combination
‘G46A/GZ9399R’ is one of the best rice hybrids that were
developed in Rice Research and Training Center (RRTC) in
Egypt through testcross and has a high grain yield as
compared with the cultivated hybrid (Anis and EI-Sherif,
2014; Anis et al., 2016c¢). The parental lines of this hybrid are
‘G46A’ an Indica (CMS) line having Gambiaca cytoplasmic

source and ‘GZ9399R’ an Indica-Japonica local restorer line

(Fig. 1).
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Figure 1.Breeding scheme and work plan used for
developing and evaluation of the new hybrid
G46A/GZ9399R and its parental lines.

Climatic condition during rice growing seasons: Monthly
temperature data of the two years 2015 and 2016 were
provided by the Division of Meteorology, (RRTC), Sakha,
Kafr EI-Sheikh, Egypt (Fig. 2).
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Figure 2. Monthly mean of minimum (Min) and maximum
(Max) temperatures during the two rice growing
seasons 2015 and 2016.

Experimental procedure: The studied rice genotypes ‘G46A”°,
‘G46B’, ‘GZ9399R’ in addition to ‘Gizal78” as check
commercial variety were laid out in a randomized complete
block design (RCBD) with three replications. One seedling
per hill was transplanted in the main field after 30 days with
the spacing of 20 x 20 cm between plants in 5 m long rows.
Field and seeding bed management such as fertilization,
irrigation, weeding and pests control were done as
recommendations for rice crop during the seasons of this
study (RRTC, 2013). The parental lines (G46A and GZ9399R)
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Table 1. Details of SSR markers used for amplification in the present study.

No. SSR marker  Chr.! F primer? R primer?

1 RM258 10 TGCTGTATGTAGCTCGCACC TGGCCTTTAAAGCTGTCGC

2 RM154 2 ACCCTCTCCGCCTCGCCTCCTC CTCCTCCTCCTGCGACCGCTCC

3 RM70 7 GTGGACTTCATTTCAACTCG GATGTATAAGATAGTCCC

4 RM247 12 TAGTGCCGATCGATGTAACG CATATGGTTTTGACAAAGCG

5 RM331 8 GAACCAGAGGACAAAAATGC CATCATACATTTGCAGCCAG

6 RM226 1 AGCTAAGGTCTGGGAGAAACC AAGTAGGATGGGGCACAAGCTC
7 RM204 6 GTGACTGACTTGGTCATAGGG GCTAGCCATGCTCTCGTACC

8 RM297 1 TCTTTGGAGGCGAGCTGAG CGAAGGGTACATCTGCTTAG

9 RM331 8 GTAGGAAAGGAAGGGCAGAG CGATAGATAGCTAGATGTGGCC
10 RM164 5 TCTTGCCCGTCACTGCAGATATCC GCAGCCCTAATGCTACAATTCTTC

1Chromosome; 2Forward primer; ®Reverse primer

were crossed and evaluated for floral traits during 2015 and
2016 rice seasons.

Data and their recording procedure: Observations were
recorded on ten randomly selected plants of each genotype in
each replication for various studied traits. The floral traits
were measured with a micrometer under a stereo-microscope.
Five florets (plants/panicles) per each parental line were used
for measurement of stigma length (mm), stigma width (mm),
duration of floret opening (min), floret opening angle (°), style
length (mm), style width (mm), lemma length (mm), lemma
width (mm), palea length (mm), palea width (mm),
outcrossing rate (%), pollen sterility rate (%), panicle
exsertion (%), stigma exsertion (%), flag leaf length (cm) and
flag leaf width (cm) for CMS line (G46A), while, anther
length (mm), anther width (mm), pollen fertility (%), number
of pollen grains/anther, filament elongation (mm), flag leaf
length (cm) and flag leaf width (cm) for pollen parent
(‘GZ9399R").

Agronomic traits like; days to heading (day), plant height
(cm), panicle length (cm), panicle weight (g), 1000-grain
weight (g), number of panicles/plant, spikelet fertility rate (%)
and grain yield (t/ha).

Grain quality traits like; grain length (mm), grain width (mm),
grain shape (mm), hulling (%), milling (%), head rice (%),
elongation (%), gelatinization temperature, gel consistency,
and amylose content% were recorded for the promising
hybrid ‘G46A/GZ9399R’ and check variety ‘Giza 178’
during 2016 and 2017 seasons based on the standard
evaluation system (SES) of rice (IRRI, 1996).

Pollen fertility and sterility percentage were determined on
the basis of the classification developed by Virmani et al.
(1997) and Sabar et al. (2007). Number of pollen
grains/anther was determined according to Suzuki (1981).
Statistical analysis: Data collected on floral and
morphological traits were analyzed by using the standard
methods of Panse and Sukhatme, (1984).

Molecular analysis: Twenty seeds from each parental line;
GZ9399 and G46A and hybrid were soaked in water at 37°C
for two days. Fifteen germinated seeds were
placed in eppendorf tubes and incubated at 29°C for 20 days.

The genomic DNA was isolated from the young seedlings
following the standard CTAB method protocol (Luo et al.,
2005). A total of 10 SSR markers in Table 1 were selected for
parental lines polymorphism testing and the information
about these primers were obtained from the previous
publications of Tamilkumar et al. (2009), Galal et al. (2014)
and Bora et al. (2016).

PCR amplification: Ten primers were selected and used for
PCR amplification in this study according to Tamilkumar et
al. (2009), Galal et al. (2014) and Bora et al. (2016). The PCR
amplification was performed in a 10-uL reaction volume
containing 1.5 pL of 20.0 ng/pL template genomic DNA, 1.0
pL of 10x PCR buffer, 0.25 pL of 1.0 pmol/pL dNTPs, 1.5
pL of 2.0 pmol/puL primer pairs, 0.06 pL of 5.0 U/uL Taq
DNA polymerase and 5.69 pL of ddH»O. The amplification
protocol consisted of an initial denaturation step (94°C for 5
min), followed by 32 cycles of 94°C for 30 s, 55°C for 30 s,
and 72°C for 1 min. The reactions were completed with a final
extension step of 72°C for 7 min. The PCR products were
separated by 1.5% agarose gel stained with Et Br solution
(Amg/l). The size of bands was estimated using a ladder.
Bands were visualized under UV light in gel documentation
systems and captured images were used for further analyses.

RESULTS AND DISCUSSION

At present, all cytoplasmic male sterile (CMS) lines in hybrid
rice breeding program in Egypt produced from China and
other countries. On the basis of floral traits, outcrossing rate,
agronomic traits, combining ability, grain shape, amylose
content, performance of their hybrids and stability, three CMS
lines viz. IR69625A, IR68888A and IR58025A with WA
cytoplasmic source and one CMS line G46A with Gambiaca
cytoplasmic source have been selected for large scale
multiplication and utilization under Egyptian conditions. The
vast popular of the commercial hybrids are currently based on
CMS line IR69625A. This narrow choice of female line is one
of the factors limiting higher heterosis and improved quality
of hybrids. In previous studies, G46A was crossed with a
good number of various genotypes during testcrosses nursery
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to produce new hybrids and CMS lines in adaptive local
backgrounds (Anis and El-Sherif, 2014). G46A/GZ9399R as
a new promising hybrid was developed with desirable
agronomic characteristics (Anis and EI-Sherif, 2014; Anis et
al., 2016c). During this investigation, we shed light on the
characterization of floral, agronomic and grain quality traits
of this hybrid and its parental lines.

Evaluation of floral traits: Synchronization in flowering
between the parental lines in hybrid seed production is
necessary to get higher seed yield because this depends on the
amount of pollen supplied from the male parent during
flowering period (Mondo et al., 2016). Days to heading was
expressed differentially between CMS and restorer lines. The
restorer line GZ9399R was earlier than the CMS line G46A
under both seasons, but this difference is simple and can be
overcome by sowing dates. To achieve the optimum
synchronization of flowering to obtain a good outcrossing, the
CMS line should flower 1-2 days earlier than the restorer line
(Sindhu and Kumar, 2002). Plant height of parental lines in
two-line and three-line system plays a significant role in
determining the extent of seed set in the hybrid rice seed
production (Vishwakarma et al., 2016). The ideal and quality
of seed production requires that the pollinator be longer than
the female parent. According to the results, the CMS line
G46A showed the shortest plant height as compared to

restorer line the GZ9399R during both seasons, which shows
that the seed production of this hybrid will go smoothly
(Table 2 and Figure 3A).

To enhance the efficiency of seed set in (CMS) lines, it is
required to study the stigma length and stigma width traits
because large stigma size facilitates out crossing rate during
hybrid seed production (EI-Namaky, 2018). The results
revealed that, stigma length of G46A did not vary
significantly and it was 1.41 and 1.50 mm for 2015 and 2016
seasons, respectively. Simultaneously, stigma width was
recorded 0.58 mm during 2015 and 0.66 mm during 2016
growing season (Table 2; Fig. 3C). The stigma length >1 mm
had a pronounced influence on increasing the seed set rate of
(CMS) lines (Virmani and Athwal, 1973; Oka, 1988; Hasan
etal., 2014).

Anther length, anther width, number of pollen grains/anther
and filament elongation are the most important floral traits for
pollen parent in hybrid rice seed production fields
(Mahalingam et al., 2013). In our case study, these traits
determined to the restorer line GZ9399R without determining
it to the CMS line G46A. The restorer line showed the best
values for these four traits because of its stability over two
seasons. After the opening of spikelet, the anther filament
starts to elongate rapidly, hereby increasing the possibility of
outcrossing in the hybrid rice seed production fields. Ishikawa

Table 2. Performance of the hybrid parental lines (G46A and GZ9399R) for different floral traits during 2015 and

2016 growing seasons.

Floral traits CMS line G46A Restorer line GZ9399R
2015 2016 2015 2016
Days to heading (day) 91.63+0.71 93.30+0.80 89.90+0.44 91.20+0.82
Plant height (cm) 97.96+0.66 95.73+0.41 107.76+1.46 104.56+0.58
Stigma length (mm) 1.41+0.05 1.50£0.02 Nm* Nm
Stigma width (mm) 0.58+0.02 0.66+0.03 Nm Nm
Anther length (mm) Nm Nm 1.731£0.11 1.77£0.18
Anther width (mm) Nm Nm 0.44+0.04 0.40+0.03
Number of pollen grains/anther Nm Nm 1037.21+134.5 1092.54+229.9
Filament elongation (mm) Nm Nm 6.11+0.23 6.95+0.13
Duration of floret opening (min) 119.38+3.21 123.33+£1.53 98.36+8.06 105.53+8.65
Floret opening angle (°) 24.90+0.78 26.36+0.35 Nm Nm
Style length (mm) 0.87+0.65 0.93+0.14 Nm Nm
Style width (mm) 0.18+0.02 0.20+0.03 Nm Nm
Lemma length (mm) 7.40£0.53 7.6620.76 Nm Nm
Lemma width (mm) 2.30£0.10 2.360.21 Nm Nm
Palea length (mm) 7.13+0.32 7.4620.73 Nm Nm
Palea width (mm) 1.64+0.10 1.76+0.15 Nm Nm
Outcrossing rate (%) 17.23+2.97 19.12+3.50 Nm Nm
Pollen fertility (%) Nm Nm 97.48+2.26 98.11+1.54
Pollen sterility (%) 100.00+0.00 99.70+0.59 Nm Nm
Panicle exsertion rate (%) 58.45+0.52 63.75+2.11 Nm Nm
Stigma exsertion rate (%) 10.73£1.40 11.42+2.44 Nm Nm
Flag leaf length (cm) 36.16+3.37 33.35£1.95 44.10+1.87 46.22+1.06
Flag leaf width (cm) 2.35%0.18 2.50+0.23 1.66+0.12 1.84+0.76

* Nm: Not measured
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et al. (2017) reported that, floral morphologies are important
factors determining mating systems in rice. Duration of floret
opening is a major factor increasing the outcrossing rate in
hybrid rice parental lines. The results revealed that, the CMS
line G46A gave long time for floret opening compared to the
restorer line. Among the two seasons, duration of floret
opening trait under 2015 was lower than those of 2016,
indicating that this trait may have been influenced by
environmental factors especially the differences in
temperature. For the CMS lines, floret opening angle, style
length, style width, lemma length, lemma width, palea length,
palea width and outcrossing rate (%) are the significant floral
traits which play a key role in improving seed set percent
(Phukan et al., 2018). These eight traits gave a stabile value
for the CMS line G46A under both seasons except floret
opening angle (24.90°, 26.36°) and outcrossing rate (17.23,
19.12%). Several studies reported that, the environmental
factors play a role in the effect on floret opening angle and
outcrossing rate (%) (Abd Allah, 2008; Hasan et al., 2014).
Regarding the pollen fertility (%) for the restorer line
GZ9399R, the results were 97.48 and 98.11 (%) under both
seasons, respectively (Table 2; Fig. 3f).

Filament /

clongation /{

5

Figure 3. Phenotypes of parental lines: (a) Phenotypes of
restorer line GZ9399R and CMS line G46A; (b)
Floret with the palea, lemma and filament
elongation during flowering time; (c) Stigma
length, stigma width and style length for the
CMS line G46A; (d) Anther length and width
under microscope; (e, f) Pollen grains stained
with 1-K1 for G46A and GZ9399R, respectively.

As the pollen fertility estimated for restorer lines, also pollen
sterility % was recorded for CMS line G46A and the values
were 100 % and 99.70% under 2015 and 2016 seasons,
respectively (Fig. 3e). Many traits contribute to hybrid rice
seed production efficiency and panicle exsertion rate (%) and
stigma exsertion rate (%) are two of them that increasing the

cross pollination and enhancing hybrid seed set production.
The mean performance of these traits was 58.45 and 63.75%
for panicle exsertion rate (%) and 10.73 and 11.42% for
stigma exsertion rate % under both seasons, respectively.
Besides floral traits, flag leaf length and flag leaf width were
measured in the parental lines (G46A and GZ9399R) during
the two seasons. The flag leaf length for GZ9399R was higher
than those of CMS lines while; the flag leaf width was wider
for the CMS line G46A than the restorer line. The mean
performance of most floral traits in this study revealed values
that were similar to those reported by Hasan et al. (2014) and
Marathi and Jena (2015).

Performance of agro-morphological traits of hybrid and
check variety: Agro-morphological characterization of days
to heading, plant height, panicle length, panicle weight, 1000-
grain weight, number of panicles/plant, spikelet fertility rate
(%) and grain vyield for the newly developed hybrid
combination in comparison to the check variety Giza 178was
measured and showed considerable range of variation for
each of the trait (Fig. 4). The development and adoption of
new rice hybrids with high-yielding and early maturing would
save time, land and water for rice production in the future
(Farooq et al., 2009). The hybrid (G46A/GZ9399R) recorded
highly significant differences compared with the standard
variety Giza 178 under both seasons.

On the contrary, this hybrid showed undesirable results in
plant height where gave highly significant value in 2016 and
significant value in 2017 compared with the standard check.
The semi-dwarf rice plants are desirable and required in rice
breeding program to appropriate the mechanical harvesting
and escape lodging (Shimaru, 2008). For rice yield-
supporting traits, panicle length, panicle weight, 1000-grain
weight and number of panicles/plant, the new hybrid showed
highly significant differences compared with Giza 178 under
both seasons for these traits, unlike spikelet fertility % which
was less in terms of the new hybrid compared with the
standard check. Likewise, highly significant differences in
grain yield/ha were found among the new hybrid and the
inbred variety Giza 178 under both seasons (Figure 4). This
finding is agreement with the idea of IRRI that the yield
advantage for hybrid rice is 20-30% more than the
conventional varieties if both had been assessed under the
same environments (Virmani and Kumar, 2004). The high
production of yield in rice hybrid varieties could be attributed
to significant producing a high number of panicles/plant,
panicle weight, 1000-grain weight and number of filled
grains/panicle (Anis et al., 2016d). Pruneddu and Spanu
(2001), Mondal et al. (2005) and Sarkar et al. (2016) reported
that the hybrid rice produced higher number of panicles/plant
and higher number of filled grains/panicle also which
ultimately showed higher grain yield/ha. Also reported that
hybrid rice varieties produces produced long roots and broad
leaves that enable them to take up more nutrients and suited
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to existing climatic condition and finally produced more
grains/panicle and then give gave a high yield.
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Figure 4. Performance evaluation of the hybrid and check
variety Giza 178 under two rice growing seasons
2016 and 2017.

Grain quality characteristics of hybrid and check variety:
Conspicuously, Table 3 and Fig. 5 shows that the mean values
of milled grains length varied from short (5.16 and 5.20 mm)
in Giza 178 as check variety in both seasons, to medium (6.55
and 6.59) in G46A/GZ9399R (Hybrid) in two seasons,
respectively. Width of milled grains varied from (2.21 and

2.22 mm) in Giza 178 to (2.33 and 2.36 mm) in the hybrid
(G46A/GZ9399R). Furthermore, milled grain shape was bold
in both genotypes, Giza 178 and G46A/GZ9399R; their
estimated values were (2.37, 2.36, 2.85 and 2.90 mm grain
shape in two seasons, respectively). The short milled grain
length and bold grain shape are preferred to Egyptian
consumers. Manifestly, the results in Table 3 illustrated that
the estimated mean values of hulling (%) varied from heavy
husks (79.63 and 79.81%) in Giza 178 to light husks (81.71
and 81.42%) in G46A/GZ9399R. while, high milling return
was recorded in G46A/GZ9399R, all estimated values
exceeded 70 %. However, G46A/GZ9399R rice hybrid had
the highest head rice percentage (63.23 and 62.94%) in two
seasons, while, low estimates were observed in Giza 178
(65.23 and 64.60%). Compared to the Egyptian commercial
hybrid 1, G46A/GZ9399R was the best for most of the grain
quality traits.

Hybrid

Hybrid

Figure 5. Grain size and shape of new hybrid
combination and check Giza 178 (a, b, c); Field
view of the new promising hybrid (d);

Giza 178

Table 3. Mean performance and standard deviation of grain quality traits for hybrid and check variety.

Traits Giza 178 (Check) G46A/GZ9399R (Hybrid) Hybrid
2016 2017 2016 2017 feature
Grain length (mm) 5.2040.32 5.16+0.58 6.55+0.08 6.59+0.10 -
Grain width (mm) 2.2140.05 2.22+0.01 2.33+0.06 2.36+0.04 +
Grain shape (mm) 2.3740.02 2.36+0.04 2.85+0.11 2.90+0.32 +
Hulling (%) 79.63+1.02 79.81+0.81 81.71+0.91 81.42+0.86 +
Milling (%) 69.51+0.22 69.33+0.10 70.10+0.47 70.87+0.58 +
Head rice (%) 63.23+0.03 62.60+0.00 65.23+1.20 64.94+1.07 +
Elongation (%) 0.36+0.04 0.37+0.01 0.46+0.01 0.47+0.07 +
Gelatinization Temperature 6.46+0.48 6.50+0.20 5.91+0.21 6.09+0.66 +
Gel consistency 87.68+1.52 88.15+0.85 70.52+1.03 69.90+1.91 +
Amylose content (%) 18.02+0.81 17.07+0.75 19.46+0.12 19.97+0.19 -
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Comparison of panicle between the new hybrid
and the standard check Giza 178 (e).

Furthermore, it is customary to use liner expansion as the
measure of grain elongation, but this appears to be a poor
measurement, as it fails to consider the widthwise swelling,
which independent of lengthwise is swelling. Hence,
proportionate change in the L/W ratio of grain on cooking, as
detailed under materials and methods was taken as the
measure of elongation in the genotypes (Biswas et al., 2013).
The results indicated a wide variation for this trait, in both
genotypes studied, and the values ranged from 0.46 to 0.47
mm (medium grain elongation) in G46 A/GZ9399R while, in
Giza 178, that had low grain elongation (from 0.36 to 0.37
mm). Gelatinization temperature, as measured by alkali
digestion scores, was found to low in both rice genotypes;
namely, Giza 178 and G46A/GZ9399R, indicating that the
rice genotypes under study needed a short time when cooked,
which saved energy. Gel consistency largely varied from soft
gel (Iength of gel, 61-80 mm) in G46 A/GZ9399R to very soft
gel consistency (length of gel 81-100 mm) in Giza 178, which
remains a soft grain for a long time after cooking. Low
amylose content was detected for both studied genotypes;
their estimated values varied from 18.02 and 17.07% in Giza
17.8 to 19.46% and 19.97% in G46A/GZ9399R in 2016 and
2017, respectively. Genotypes with low amylose content are
moist, sticky and glossy when cooked, and readily split and
disintegrate when over cooked. Further, the low amylose
content is preferred to Egyptian consumers (Badawy and
Mahgoub, 2015). Numerous investigations were done for
appearance, physical and physicochemical properties for
hybrid rice combinations (Babu et al., 2013; Gampala et al.,
2015; Anis and Gharib, 2016).

Assessment of genetic purity of hybrid and their parental
lines: Ten microsatellite markers, RM258, RM154, RM70,
RM247, RM331, RM226, RM204, RM297, RM337 and
RM164 were used for analysis the genetic purity of rice
hybrid G46A/GZ9399R. One allele amplified in a hybrid
when the parental lines were monomorphic for especially
microsatellite locus and two alleles were detected in a hybrid
when polymorphism was cleared among the male and female
parents. Out of 10 SSR markers, three markers RM154,
RM331 and RM297 showed polymorphism between G46A
and GZ9399R, whereas seven markers (RM258, RM70,
RM247, RM226, RM204, RM337 and RM164) expressed
non-polymorphism among the parental lines. Then, the three
polymorphic SSR markers (RM154, RM331 and RM297)
were assessed using DNA bulk of the hybrid and its parental
lines. For all three markers, parents showed one allele
whereas the hybrid showed two the parental lines alleles
indicating the heterogeneity of the hybrid (Fig. 6 a,b,c).

To test the reliability of the polymorphic markers (RM154,
RM331 and RM297), the marker RM297 was confirmed
using DNA from 15 individual plants of the hybrid. All the
individual F; hybrid plants showed both the parental lines

alleles, confirming the utility of these markers in genetic
purity assessment of the hybrid (Fig. 6 d). From another side,
in the trials during the two evaluation seasons, assessment of
genetic purity for hybrid and their parental lines was
conducted based on morphological characterization
including, days to heading, plant height, panicle length,
panicle weight, 1000-grain weight, number of panicles/plant,
spikelet fertility % and grain yield and some of floral traits in
parental lines (Table 1; Fig. 4). The traits of most Fi
individual plants showed no off-types were obtained in the
hybrid (G46A/GZ9399R) and the parental lines were fairly
constant during both seasons, which were also further
supported by the molecular marker testing. Similar studies
have also been done by Tamilkumar et al. (2009), Kumar
(2012), Sudharani et al. (2013) and Bora et al. (2016).
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Figure 6. Genetic purity testing of G46A/GZ9399R hybrid
using polymorphic SSR markers: (A, B, C)
Polymorphism profile between hybrid and its
parental lines using bulked DNA by RM154,
RM331 and RM297 markers, respectively; (D)
Confirming the hybrid purity in the individual
F1 by RM297 marker.

Conclusion: Developing new rice hybrids with high-yielding
and superior grain quality properties are the most essential
aim to enhance food security and achieve consumer
preference. Apparently, the new promising hybrid
G46A/GZ9399R showed its superiority in most studied traits
compared to the commercial check variety Giza 178. This
hybrid was very early maturing, widely adapted and it
provided yield advantage 20.19% more than the conventional
variety. In parallel with this, the assessment of genetic purity
established the SSR markers of RM154, RM331, RM297 and
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amplified alleles specific to differentiate parental lines of
G46A/GZ9399R hybrid.
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