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ABSTRACT

The experiment was carried out in strip plot design with three replications to evaluate 14rice genotypes under
normal and water deficit in the field and biotechnology lab of Rice research and Training Center at Sakha
Agricultural Research Station, Sakha, Kafr EL-Sheikh Egypt, during2021 and 2022summer seasons. Results
revealed a wide variation among rice genotypes and their parents for agronomical characteristics and SSR markers.
Data showed that days to maturity, plant height, Flag leaf area, number of panicle-2, Panicle length, number of filled
and unfilled grains panicles-* as well as grain yield t ha-* were significantly affected by irrigation treatments. Grain
yield was affected significantly according to the genotypes and irrigation treatments. The combination between
Egyptian Yasmin with normal irrigation produced the highest values of grain yield with the lowest
percentage(14.58%) of yield reduction compared to its production under water deficit conditions. While, the lowest
values of grain yield were obtained with Nerica7 (V2) under water shortage conditions with the highest
percentage(33.63%) of yield reduction compared to its production under normal irrigation. Fifty SSR markers were
used for estimating the genetic variation among the 14rice genotypes. Rice genotypes were divided into two main
groups based on the polymorphism revealed by the SSR markers. The first group has the aromatic genotype,
Egyptian yasmine and the promising newly developed genotype No.2. While, the second main group has the other
tested rice genotypes, NERICA7 and the other genotypes. The data indicated that phenotypic variance was
generally superior than genotypic variance for all studied traits.
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INTRODUCTION

Most nations rely on rice as their primary source of
nutrition, also rice constitutes a major part of the diet for many
others. In the world the rice cultivated area around 150.000
million hectares and this area produces more than 725.5
million tons. USDA 2019). The rice production should be
increase to 40% for all rice ecosystems even under drought
borne area to achieve the food security by 2025 Pennisi
(2008). Annual rice production increased by 2.8%, but the
damage from biotic and abiotic stresses resulted in a
significant loss of global production. Santhanakshmi et
al.(2010). The rice grain yield reduced significantly by biotic
stresses. Egypt is facing several problems, i.e., food security
and water shortage, especially at the end of irrigation canals.
Scarcity of water considered as the most constraining factors
in more than thirty percent of rice cultivated area in Egypt,
where the developed varieties cannot thrive well under water
shortage Abdallah (2010). Development of the Egyptian rice
varieties tolerance to water stress its great importance. The
reduction of grain yield happens when water stress occurred
during reproductive processes induced the genetic analysis of
drought tolerance at the reproductive stage crucial Pantuwan
et al., (2002). Drought tolerance has consistently been one of
the most important objectives of rice breeders in Egypt.
Aromatic rice varieties are more popular over non-aromatic
varieties especially in special occasions and for export to Gulf
countries, therefore, they are sold by a high price in the
market. Aromatic varieties are prized by many people in
African countries such as Tanzania Joseph et al. (2004).
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Genetic diversity helps the rice breeders in detecting
genotypes as well as expecting possible genetic potentials
Chakravarthi and Naravaneni (2006). Genetic variation due
to the morphological variations of quantitative traits has some
disadvantages regarding to time, space and labor cost, in
adding to the method cannot be gave the precise level of
genetic variability among the varieties based on the effect of
additive gene action on the expression of these characters
Zeng et al. (2004) and Schulman (2007). Selection based on
morphological traits is seductive due to the phenotypic
expression affected by environments factors Astarini et al.
(2004) and Astif et al. (2005). SSR markers are most of
efficient tools for determining the genetic variability among
the rice varieties Devi et al. (2012), Rashid et al. (2017) and
Gyawali et al. (2018) stated that the phenotypic coefficient of
variability was superior the genotypic coefficient of
variability for studied traits indicating that environmental
effect on the controlling of these traits. Also, the estimated
high heritability for days to maturity, 1000-grain weight and
plant height, suggesting these traits are under high genetic
control. High phenotypic variance was recorded for grain
yield, number of grains paniclet, number of panicles m? and
straw yield. While, for grain yield had medium. Also,
Adhikari et al. (2018), found that phenotypic coefficient of
variability was high as compared to genotypic coefficient of
variability, indicating the effect of environment on the
expression of traits. The present investigation aims to explore
the genetic variation for yield and its components among
some promising genotypes and their parents and to determine
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the elite genotypes are tolerant to water stress and has aroma
based on the using of specific SSR markers.

MATERIALS AND METHODS

During the rice seasons of 2021 and 2022, the research
was carried out at the experimental farm of Sakha
Agricultural Research Station, kafr elsheikh, Egypt, to
evaluate the genetic diversity of 12 rice genotypes and their
parents in terms of agronomic characteristics and SSR
markers associated with particular traits. The twelve rice
genotypes are selected from Fn, they were derived from
crossing between Egyptian Yasmin (Egyptian aromatic
variety) with NERICA 7 tolerant to drought developed by
Africa Rice Center Table 1. The experiment's statistical
design was a strip-plot design with three replications. Rice
varieties distributed in the vertical plots and water treatments
(well-watering and water deficit) were allocated in the
horizontal plots. In each replication, 14 rice genotypes were
sown on May 1% and were transplanted after 30 days of
sowing in seven rows with a length of 5 meters for each row.
The irrigation was continued in the well-watered replications
until the end of the experiment and always keep on moisture
at saturated or above the field capacity. Regarding to water
shortage treatment, water withholding for 20 days was
applied at reproductive stage (45days after transplanting)
until appear the drought susceptibility traits i.e., leaf rolling

Table 1. Pedigree and origin of some of rice genotypes

and leaf drying score on the tolerant variety, and irrigated
after water stress up to harvest., 36 kg P,Os ha'tin the form of
single upper phosphate (15%P;0s) was added as basal
application in the permanent field and incorporated with soil
during land preparation Nitrogen fertilizer at the rate of 165kg
Nha in the form of urea (46.5%) was added in two splits,
2/3 as basal application and incorporated with soil during
land preparation. While, the second dose was applied after 30
days of transplanting.

The studied traits were days to maturity (days), plant
height (cm), flag leaf area (cm?), number of panicles plant?,
panicle length (cm), number of filled grains panicle , number
of unfilled grains panicle? and grain yield t ha?, were
measured according to IRRI, (1996). Analysis of variance
was done for each season according to Sendecor and Cochran
(1967). Error variances from separate analysis of the data
were tested for homogeneity according to Bartletts test
Bartlett (1937) Phenotypic (PCV%) and genotypic (GCV%)
coefficient of variability were estimated related to the method
of Burton (1951). The expected genetic advance from
selection (g) for the studied traits as well as the phenotypic
correlation between any pairs of traits was calculated
according to Johnson et al. (1955). The value of GCV% and
PCV% were estimated according to Sivasubramanian and
Madhavamenon (1973 ).Heritability in broad sense was done
based on the Burton and De vane (1953)

No. genotype Pedigree Origin aromatic/non-aromatic
1 Egyptian Yasmin IR262/ KDML 105 Egypt Aroma (+)

2 NERICA7 WAB56-104 x CG14//WAB5656-104 AfricaRice Center Non —romatic(-)

3 ARD6-1-1-1-1-1-1 Egyptian Yasmin x NERICA 7 AfricaRice Center Non-romtic(-)

4 ARD6-3-1-2-1-2-2 Egyptian Yasmin x NERICA 7 AfricaRice Center Aromatic(+)

5 ARD6-4-1-1-2-1-3 Egyptian Yasmin x NERICA 7 AfricaRice Center Non-aromatic(-)

6 ARDG6-7-1-1-1-1-4 Egyptian Yasmin x NERICA 7 AfricaRice Center Aromatic(+)

7 ARD6-8-1-1-1-1-5 Egyptian Yasmin x NERICA 7 AfricaRice Center Non-romtic(-)

8 ARD6-8-1-2-1-2-6 Egyptian Yasmin x NERICA 7 AfricaRice Center Aromatic(+)

9

ARDG6-9-1-2-1-1-7
10 ARD6-11-1-1-1-1-8
11 ARD6-11-1-2-1-2-9
12 ARD6-14-1-1-1-1-10
13 ARDG6-14-1-2-1-2-11
14 ARDG6-14-1-2-1-3-12

Egyptian Yasmin x NERICA 7
Egyptian Yasmin x NERICA 7
Egyptian Yasmin x NERICA 7
Egyptian Yasmin x NERICA 7
Egyptian Yasmin x NERICA 7
Egyptian Yasmin x NERICA 7

AfricaRice Center
AfricaRice Center
AfricaRice Center
AfricaRice Center
AfricaRice Center
AfricaRice Center

Non-aromtic(-)
Non-romtic(-)
Aromatic(+)
Non-aromatic(-)
Non-aromatic(-)
Aromatic(+)

Genomic DNA isolation

The CTAB method, as described by Murray and
Thompson in 1988, was used to extract DNA samples from
the 14 genotypes' leaves during the seedling stage.
PCR amplification and electrophoresis

For genetic variation among the 14 rice genotypes,
more than fifty SSR markers were utilized, only eleven
markers were successful in achieving the goal Table 2.

Data analysis

The polymorphism information content for each SSR
marker was analyzed using the software package, NTSYS-pc
version 2.11 Rohlf (1988). Polymorphism information
content was estimated according to Nagy et al. (2012).
Genetic variability coefficient was used to make a
dendrogram using the un-weighted Pair Group Method with
Arithmetic Average (UPGMA) .

Table 2. List of SSR markers sequences and chromosome number.

Primer Chromosome Sequence

name number Forward Reverse

RM148 3 ATACAACATTAGGGATGAGGCTGG TCCTTAAAGGTGGTGCAATGCGAG
RM164 5 TCTTGCCCGTCACTGCAGATATCC GCAGCCCTAATGCTACAATTCTTC
RM166 2 GGTCCTGGGTCAATAATTGGGTTACC TTGCTGCATGATCCTAAACCGG
RM208 2 TCTGCAAGCCTTGTCTGATG TAAGTCGATCATTGTGTGGACC
RM263 2 CCCAGGCTAGCTCATGAACC GCTACGTTTGAGCTACCACG
RM5687 4 GATCGCTGGCGATTGATC GACTTGTGGGGTGGTTTTTG
RM566 9 ACCCAACTACGATCAGCTCG CTCCAGGAACACGCTCTTTC
RM212 1 CCACTTTCAGCTACTACCAG CACCCATTTGTCTCTCATTATG
RM249 5 GGCGTAAAGGTTTTGCATGT ATGATGCCATGAAGGTCAGC
RM223 8 GAGTGAGCTTGGGCTGAAAC GAAGGCAAGTCTTGGCACTG
RM294 1 TTGGCCTAGTGCCTCCAATC GAGGGTACAACTTAGGACGCA
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Aroma test:

A 1.7% KOH solution was used for the aroma test on
milled rice Sood and Siddiq (1978). At room temperature, 20
milled grains were placed in tubs containing 5 milliliters of a
1.7% KOH solution. The tubs were opened after 30 minutes
and immediately smelled. The aroma was scored as either
present (+) or absent (-). as depicted in Table 1

RESULTS AND DISCUSSION

Mean performance of rice genotypes under well-watering
and water stress:

Results in Table (3) showed that days to maturity,
plant height, flag leaf area, number of panicle plant?, panicle
length, number of filled and unfilled grains panicle as well
as grain yield were significantly affected by irrigation
treatments. The number of days to maturity significantly
increased under water shortage condition. The variations in
maturity could be related to the extended vegetative stage
under water stress Lafitte et al. (2004) and Mohamed et al.
(2019) stated that, water shortage results in delay heading, this
is related to the reductionin dry matter production and delay
the elongation of the panicle. For Plant height and number of
panicle® were decreased due to water stress compared to well-
watered in both seasons. The reduced in plant height may be
related to reduction in cell turgor that induces reduction in cell
enlargement, and turn into decreases shoots enlargement and
plant height. Ahmed et al. (2017) reported that water deficit
plays a high effect on plant growth and results in the decline
of plant height. Water stress reduce the cell division and size
and reduce the plant height under water shortage . However,
the reduction in number of panicles™ could be regarding to

less ability of tiller nodes which produce more tillers under
water stress. A similar finding was found by Sarvestani et al.
(2008), El-Refaee et al. (2012) and Gewaily et al. (2019).
Panicle length and number of filled grains panicle were
reduced with water deficit treatment, in both seasons. The
highest values of both traits were obtained with normal
followed by water shortage . These results are in agreement
with those reported by Gewaily et al. (2019) and Muhammad,
Aurangzaib et al. (2021) who stated that the increase in yield
components under non stress condition could be due to the
available water enhanced the biological and physiological
process which increase the production and translocation of the
dry matter production from source to sink which resulting in
more panicles, grain filling and weight. These results are in
harmony with those stated by Zubaer et al. (2007). Number
of unfilled grains panicle™ tended to increase under water
stress compared with well-watered . increasing the humber
of unfilled grainpanicle under water deficit was due to
reduction in amount of dry matter production synthesized by
the plants and this in turn might account much for the increase
in number of unfilled grains. Also results in Table (3)
indicated that, drought conditions caused a reduction in the
grain yield. While, normal irrigation recorded the highest
grain yield. The increasing in grain yield as affected by well-
watered condition may be due to the increase in dry matter
production, plant height and number of Panicles™. However,
the reduction in grain yield as affected by water shortage
conditions may be due to the reduction in dry matter
production, , number of panicles? and number of filled grains
panicle*. A similar trend was found by El-Refaee et al. (2012)
and Gewaily et al. (2019).

Table 3. Duration, plant height, flag leaf area, number of panicles-1, panicle length, filled grains panicle, unfilled
grainspanicle and grain yield as affected by water deficit of some different rice genotypes

. Plant Flagleaf No.of Panicle No. of filled No. of unfilled Grain
Duration height area anicles  length rain rains ield
(days) elg p ¢ g grain grains Yiel
(cm) (cm2)  plant? (cm) /panicle! panicle! (t/hal)
Normal 123.36 108.50 31.857 16.024  23.84 137.12 13.17 7.61
Water deficit 129.43 10499 29.907 13.693  22.08 120.35 17.21 5.71
F test ** ** ** ** ** ** ** **
Egyptian Yasmine (EY) 143.67  106.17 47.98 2417 24.88 160.00 9.80 9.98
Nerica 7 12347 105.15  45.23 15.47 22.67 149.67 6.50 5.52
ARD6-1-1-1-1-1-1 124.67  96.47 26.57  13.000 18.97 114.00 11.67 6.53
ARD6-3-1-2-1-2-2 12348 101.00 25.37 14.50 18.82 103.00 9.33 6.05
ARD6-4-1-1-2-1-3 127.17  105.80  24.47 8.50 24.00 135.00 16.48 6.68
ARD6-7-1-1-1-1-4 126.67 11150  20.57 9.33 22.68 149.82 22.17 7.65
ARD6-8-1-1-1-1-5 127.80 11015  36.27 13.17 24.25 140.50 23.97 7.35
ARD6-8-1-2-1-2-6 127.80 106.30  31.12 11.83 24.73 131.00 13.15 6.72
ARD6-9-1-2-1-1-7 12447 11650  30.02 15.30 24.45 115.15 10.98 6.10
ARD6-11-1-1-1-1-8 123.17 108.97  31.37 13.48 25.23 123.00 12.97 5.75
ARDG6-11-1-2-1-2-9 127.82  109.97 30.37 17.17 23.12 140.67 23.30 7.15
ARD6-14-1-1-1-1-10 12450 107.65  30.52 19.32 25.03 129.83 17.17 6.55
ARD6-14-1-2-1-2-11 12333 103.80  27.07 20.47 22.88 102.65 17.97 5.75
ARD6-14-1-2-1-3-12 12150 10498 25.45 12.32 19.80 108.00 17.17 5.45
LSD 0.85 0.77 0.42 0.80 0.39 1.09 0.73 0.25
I nte I’aCtI on ** ** ** ** ** ** ** **

Results in Table (3) exhibited that a significant
differences were obtained among tested genotypes in respect
to all studied traits i.e., days to maturity , plant height, flag
leaf area, number of panicles?, Panicle length, number of
filled and unfilled grains panicle™ as well as grain yield. Also,
the results showed that Egyptian Yasmin produced the
highest values of days to maturity, plant height, flag leaf area,
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number of panicles?, Panicle length, number of filled grains
panicles? as well as grain yield, compared to the other rice
genotypes. On the other hand, Nerica 7 produced the lowest
values of number of unfilled grains panicle™*. Most variation
among the rice genotypes in yield attributes traits might be
due to the genetic background differences.
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Interaction between irrigation treatments and rice
genotypes significantly affected all studied traits. Results in
Table (4) indicated that, the highest period needed to maturity
was obtained by Egyptian Yasmin under water shortage
treatment. While, ARDI12-3-1-2-1-14-6 under normal
irrigated recorded the lowest period needed to maturity .
These data are similar to those reported by Gaballah (2009).
The delay in heading of rice is common under drought
conditions EL-Refaee et al. (2005), Gewaily et al. (2021)
which is recommended that, the benefit in those environments
exposed to water deficit. The delay in heading and maturity
could be considered as good criteria in screening tests for

tolerance to water shortage, because the effect of drought on
the trait was consistent Mohamed et al. (2019). Also results in
Table (4) exhibited that, Egyptian Yasmin under normal
irrigated produced the tallest plants, the highest flag leaf area,
the highest number of panicles plant® and tallest panicle
While under drought treatment ARD6-1-1-1-1-1-1 gave the
shortest plants, the lowest flag leaf area was obtained with
ARD6-4-1-1-2-1-3 and ARD6-4-1-1-2-1-3 gave the lowest
number of panicles plant* as well as shortest panicle length
was obtained by ARD6-14-1-2-1-3-12  under drought
treatment (Table 4).

Table 4. Interaction between irrigation treatments and rice genotypes

Duration Plant height Flag leaf area  No. of panicles Panicle length
(days) (cm) (cm2) plant?® (cm)
N N D N D N D N D

Egyptian Yasmine (EY) 14033  147.00 10733 10500 4867 4730 2533 2300 2567 24.10
Nerica 7 12033 12660 107.00 10330 4567 4480 1633 1460 2333 21.90
(ARD6-1-1-1-1-1-1 12133  128.00 9833 9460 2733 2580 1500 11.00 1933 18.60
ARD6-3-1-2-1-2-2 11967 12730 10300 99.00 2633 2440 1600 1300 19.33 1830
ARD6-4-1-1-2-1-3 12333  131.00 107.00 10460 2533 2360 1000 700 2470 2330
ARDG-7-1-1-1-1-4 124.33 129.00 11500 10800 2233 1880 1067 8.00 23.77 21.60
ARD6-8-1-1-1-1-5 12500 13060 11100 10930 3733 3520 1433 1200 2550 23.00
ARDG-8-1-2-1-2-6 125.00 130.60 108.00 10460 3233 29.90 1267 1100 26.17 2330
ARD6-9-1-2-1-1-7 12133 12760 11800 11500 3133 2870 1600 1460 2530 2360
ARDG6-11-1-1-1-1-8 120.33 126.00 11033 10760 3233 3040 1467 1230 2627 2430
ARD6-11-1-2-1-2-9 12433 13130 11233 10760 3133 2940 1833 16.00 2363 2260
ARDG6-14-1-1-1-1-10 121.00 128.00 109.00 106.30 3133 29.70 2033 1830 2577 24.30
ARD6-14-1-2-1-2-11 12067 12600 10600 10160 2833 2580 2133 1960 2347 2230
ARDG6-14-1-2-1-3-12 120.00 123.00 106.67 10330 26.00 2490 1333 1130 2160 18.0
LSD 1.22 111 0.74 117 0.6250
N: normal irrigation, D: water deficit

Interaction among water treatments and rice in photosynthesis and enhancing soluble sugars

genotypes significantly affected the number of filled grains
panicle, number of unfilled grains panicle* and grain yield
(Table 5). Results indicated, that the Egyptian Yasmin
produced the highest value of number of filled grains panicle’*
under normal irrigation , while the lowest values were
recorded with  ARDG6-3-1-2-1-2-2 under drought treatment.
On the other hand, the highest value of number of unfilled
grains panicle-1 produced by ARDG6-8-1-1-1-1-5 under
drought treatment , while the lowest value of number of
unfilled grains panicle-1 produced by Nerica 7 and Egyptian
Yasmin under Normal irrigation. These results are in
harmony with those stated by Hashem et al. (2016), Zaman et
al. (2018) and Gewaily et al. (2021) who reported that water
deficit induced several changes in the structure and functional
processes of reproductive organs in the rice, resulting to
fluctuations in fertilization or premature abortion of the seed.
leaves senescence, shortens in grain filling period, reduction

remobilization from grains to other vegetative organs are clear
with water stress at the reproductive stage. The sugars or
carbohydrate assimilates depend on source activity and sink
strength which vary with genotypes.

Also, the results in Table (5) and Fig. 1 indicated that,
the interaction between genotypes and irrigation treatments
was significantly affected grain yield. The combination
between Egyptian Yasmin with normal irrigation produced
the highest values of grain yield with the lowest percentage
(14.58 %) of yield reduction compared to its production under
water deficit conditions. While, the lowest values of grain
yield were obtained with Nerica 7 under water shortage with
the highest percentage (33.63 %) of yield reduction compared
to its production under normal irrigation . The results are
inconformity with that stated by Kondhia et al. (2015) and
Gewalily et al. (2021).

Table 5. Interaction between irrigation treatments and rice genotypes

No. of filled grains panicle?  No. of unfilled grains panicle T Grain yield (tha™) Reduction

N D N D N D (%)
Egyptian Yasmine 169.00 151.00 8.00 11.60 10.77 9.20 14.58
Nerica 7 156.33 143.00 7.00 6.00 6.63 4.40 33.63
(ARD6-1-1-1-1-1-1 121.00 107.00 10.33 13.00 7.57 5.50 27.34
ARDG6-3-1-2-1-2-2 116.00 90.00 8.67 10.00 7.10 5.00 29.58
ARD6-4-1-1-2-1-3 146.00 124.00 14.67 18.30 747 5.90 21.02
ARDG6-7-1-1-1-1-4 157.33 142.30 20.33 24.00 8.60 7.70 12.09
ARD6-8-1-1-1-1-5 146.00 135.00 21.33 26.60 840 6.30 25.00
ARDG6-8-1-2-1-2-6 136.00 126.00 11.00 15.30 7.53 5.90 19.73
ARD6-9-1-2-1-1-7 126.00 104.30 8.67 13.30 7.10 5.10 28.17
ARDG6-11-1-1-1-1-8 131.00 115.00 11.33 14.60 6.50 5.00 23.08
ARD6-11-1-2-1-2-9 146.33 135.00 20.00 26.60 8.20 6.10 25.61
ARD6-14-1-1-1-1-10 136.67 123.00 14.33 20.00 7.60 5.50 27.63
ARD6-14-1-2-1-2-11 111.00 94.30 15.33 20.60 6.60 4.90 25.76
ARD6-14-1-2-1-3-12 121.00 95.00 13.33 21.00 6.40 4.50 29.69
LSD 2.017 1.04 0.35
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Genetic diversity among the newly developed lines
compared to their parents using molecular marker.

Fifty SSR markers used to estimate the genetic
variations among the 14 rice genotypes. Only eleven markers
were polymorphic Table 2. Out of these polymorphic marker,
RM148 and RM294 were found to produce the highest
number of alleles, with PIC value of 0.66, Table 6.

Cluster Analysis and Principal Component:

The analysis indicated that the tested rice genotypes
were divided into two main groups based on the
polymorphism revealed by the SSR markers Fig 2. The first
group has the aromatic genotype, Egyptian Yasmine and the
promising newly developed genotype No.2. While, the
second main group has the other tested rice genotypes,
NERICAY and the other genotypes. The second main group
was divided into 2 subgroups, the first subgroup have the
newly developed rice genotypes 4, 9, 6 and 12. The present
investigation seeking for determine a specific marker of
aroma trait in rice, will identifies a specific band of DNA
amplified product able to identify the aromatic rice varieties
Table 6. Molecular data for rice genotypes

from non-aromatic ones. RM294 was found to be useful for
determine the polymorphism and aroma trait among the rice
varieties (fig. 3), Nguyen et al. (2006), Yan (2007) and Saba
Jasim et al. (2018). In the current study, the marker RM566
PCR profile gave 21 amplified bands which represented 4
alleles, Table 6. However, this marker may be related to
identify a specific band for aroma, compared to the bands
observed in the nonaromatic genotypes. The SSR marker,
RM 566 detected polymorphism among the tested rice
genotypes based on aroma trait 15 amplified bands with 2
alleles (fig.4), the aromatic genotypes line 2, 4, 6.9 and 12
gave the same bands which detected in Egyptian Yasmin,
while the remain genotypes are non-aromatic. Regarding to
grain yield the SSR marker RM 164 showed 16 amplified
bands with 2 alleles (fig.5), the rice genotypes Egyptian
Yasmin, and the line 2, 4,5, 8,9 and 10 gave  the same
band and this data confirmed with the field data, where these
genotypes gave the lowest reduction in grain yield under
drought stress.

Simbarnity
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Fig. 2. Cluster analysis of 14 rice genotypes based on SSR
markers polymorphism

SSR # of amplified #ofamplified  #of pol?/morphic Polymorphism PIC
marker bands alleles alleles % value
RM148 14 4 4 100 0.66
RM164 16 2 2 100 0.48
RM166 15 2 1 0.50 0.23
RM208 14 2 2 100 0.48
RM263 16 2 2 100 0.42
RM5687 16 2 1 0.50 0.37
RM566 15 2 2 100 0.48
RM212 16 2 1 0.50 0.21
RM249 14 2 2 100 0.35
RM223 14 2 2 100 0.51
RM294 21 4 3 0.75 0.51
Total 171 26 22

Average 155 2.36 2.00 84.1 0.42
Ladder Neia EY 1 3 Ladder Nesica EY 1 3

Fig. 3. Polymorphism among 14 rice genotypes using
RM294,Mladder (50bp)

Fig. 4. Polymorphism among 14 rice genotypes using
RM566,Mladder (50bp)
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Fig. 5. Polymorphism among 14 rice genotypes using
RM164,Mladder (50bp)

Estimates of genetic parameters:

Genetic parameters for phenotypic and genotypic
variations, heritability and genetic advance under normal and
water deficit are presented in Tables (7&8). The data
exhibited that there is a big variations were found among the
rice varieties for all traits over the two seasons, where mean
squares were highly significant. Therefore, the selection
would be effective among the rice genotypes for these
characters. Similar results were obtained by Sedeek et al.
(2009) and Ramesh et al. (2010). The data indicated that the

phenotypic coefficient of variability was higher than
genotypic coefficient of variability for all traits indicating the
environmental effect on the expression of these traits, but the
biggest portion of P.C.\V% was contributed by the genotypic
component, less by environmental component. The highest
phenotypic coefficient of variability% and genotypic
coefficient of variability% were observed in number of
unfilled grains panicle™ and number of panicles plant Table
7under water deficit .

Heritability in broad sense was high for most of
studied traits expect for flag leaf area that was low 26.02 %
(Table 7) under water deficit while, it was high for all studied
traits under normal irrigation Table 7. High heritability
estimates are useful while, making selection as based on
phenotype. High heritability coupled with high genetic
advance was observed a in (Tables 7&8) were observed for
days to maturity, number of filled grains panicle-1 and
number of unfilled grains panicle-1. This indicates that
selection process for these traits would certainly bring
improvement in genotypes. Burton (1951), Pratap et al.
(2018) and Dhakal et al. (2020) showed the genotypic
coefficient of variation with heritability estimates would give
a good image about genetic gain obtained from the selection.

Table 7. Estimates of phenotypic and genotypic coefficients of variability, heritability and genetic advance for studied
traits of 14 rice genotypes (combined data of 2021 and 2022).under water deficit

Trait Gran mean MS.G Error GV PV GCV PCV h2 GA
Duration 129.43 92.87 0.62 3075 3137 4.28 4.32 98.02 11.30
Plant height 104.98 70.27 0.28 2333 2361 4.60 463 9881 987
Flag leaf area 2991 1.86 091 0.32 123 1.89 371 96.02 500
No.of panicles plant* 13.69 58.25 0.52 1924 1976 3204 3247 9736 891
Panicle length 22.10 14.69 0.11 4.86 497 9.97 1008  97.78 449
Number of filled grains panicle™ 120.35 1182.12 0.84 39376 39460 1648 1651  99.78 4083
No.of unfilled grains panicle® 1721 117.66 0.44 39.07 39.51 36.32 36.52 98.88 12.80
Grain yield 5.71 4.39 0.085 144 153 2101 2166 9412 239

MS. G= mean square genotype, GV= genotypic variance, P\V= phenotypic variance, GCV= genotypic coefficient of variability, PCV= phenotypic
coefficient of variability, h2= heritability in broad sense, GA= genetic advance and GA%-= genetic advance %.

Table 8. Estimates of genotypic and phenotypic coefficients of variability, heritability and genetic advance for studied
traits of 14 rice genotypes (combined data 2021 and 2022).under normal irrigation

Trait Gran mean MS.G Error GV PV GCV PCV h2 GA
Duration 123.36 82.99 0.45 2751 27.96 4.25 428 9830 56.44
Plant height 108.5 7.70 0.58 237 2.95 142 158 8030 4.87
Flag leaf area 31.85 169.72 0.25 56.49 56.74 23.61 23.64 9950 116.29
No.of panicles plant* 16.02 52.63 0.42 17.40 17.82 26.02 26.34 97.60 35.82
Panicle length 23.84 16.16 0.11 5.35 5.46 9.70 980 9790 11.01
Number of filled grains panicle! 137.12 887.82 0.92 29563 29655  12.54 1256 99.60 608.40
No.of unfilled grains panicle® 13.16 67.93 0.359 22.52 22.87 36.10 36.34 9840 46.35
Grain yield 7.61 3.95 0.098 1.28 1.37 14.86 1538 9340 263

MS. G= mean square genotype, GV= genotypic variance, P\V= phenotypic variance, GCV= genotypic coefficient of variability, PCV= phenotypic
coefficient of variability, h2= heritability in broad sense, GA= genetic advance and GA%-= genetic advance

Water saving:

Data in Table 9, revealed that the water consumption
for Egyptian Yasmin, Nerica 7 and their promising lines.
Egyptian Yasmin recorded the highest value of water

consumption under both normal and water deficit treatments
5240 and 4800 m3 compared to Nerica 7 and the promising
lines 4800 and 4360m3 under the same water treatments.

Table 9. water consumption for rice genotypes and promising lines

Genotype Water uptake
Number of irrigation and total water consumption under normal  Total water consumption under water
irrigation deficit
Egyptian Yasmin 17 x 220 +1500 5240m? 4800
Nerica + lines 15 x 220 +1500 4800 m? 4360
Water saving 440m?

17 &15 number of irrigation, 220 water consumption in each irrigated, 1500 water consumption at preparation
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