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Rice (Oryza sativa L.) is the staple food of more than three billion people in the world. The trend of increasing submergence
has a negative effect on the rice yield but some of the rice genotypes show the excellent performance to give a satisfactory yield
under submergence stress. Screening is very effective and reliable technique for submergence stress. The total of thirty rice
genotypes including four modern varieties and twenty-six advanced lines were used for screening them against submergence
tolerance by morphological analysis in the farm yard of Genetics and Plant Breeding division at Bangladesh Institute of
Nuclear Agriculture (BINA), Mymensingh following modified hydroponic method. The experimental treatments comprised
two factors, Factor A: Thirty T. aman rice genotypes; Factor B: Submerged condition and non-submerged control condition.
The rice genotypes with diverse genetic background were used for screening of submergence tolerance at reproductive stages.
The phenotypic co-efficient of variation (PCV) was higher than the genotypic co-efficient of variation (GCV) for all the
characters studied indicating that they all interacted with the environment to some extent. The heritability for all characters
was in the range of 62.44% to 99.42% and the highest heritability was found in number of filled grain panicle? (99.42%).
The performance of the genotypes with respect to yield and yield components differed from each other under submergence
and non-submergence conditions. Yield and yield components of the genotypes reduced in submergence condition. IR 28,
IR 16, IR 18, IR 05, IR 06, IR 07, IR 24 were identified as tolerant to submergence stress. All tolerant genotypes showed
higher plant height, number of total tillers plant' number of effective tillers plant’, panicle length, number of filled grains
panicle”, 1000-grain weight and yield plant!, respectively. Therefore, identified genotypes are considered promising rice
varieties tolerant to submergence stress.
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INTRODUCTION for around two weeks. Due to monsoon rains aman
rice suffers from flash flood in different parts of the

As a cereal grain, rice is the most widely consumed  country. To cope with this environmental condition, it is

staple food for a large part of the world’s human
population, especially in Asia. In Bangladesh, around
75.61% of cropped area is used for rice production;
with annual production of 36.28 million tons from
11.62 million hectares of land (BBS, 2018). But rice is
the most vulnerable cultivated crop to future changing
climate (Mohanty et al., 2013). Submergence stress is
considered as a major challenge for rice production in
South and Southeast Asia, causing annual losses of over
one billion US dollars (Mackill et al., 2006; Xu et al.,
2006; Khanh ef al., 2013). The most common climatic
events in Bangladesh are floods, especially monsoon
and flash floods that causes submergence of rice plants
for 10- 15 days (Dewan, 2015; Rahman and Zhang,
2016; Dar, 2017). About one million hectares of land is
flash flood prone in Bangladesh, which may occur more
than one times. Flash floods and excessive rainfalls
regularly affect rain-fed lowland rice (RLR) ecosystems
in many parts of the country where flood water remains

obvious to find out new breeding strategies to improve
yield by changing and adopting characteristics that has
direct relation to increase rice yield under submergence
condition.

Submergence tolerance, which is partially a function
of the character of flood water (Ram et al., 1999), is
an important breeding objective intended to reduce,
to the barest minimum, yield losses recorded in rain-
fed lowland and deep-water rice areas (Mackill, 1986;
Mohanty and Chaudhary, 1986; Kawano et al.,, 2002;
Kawano et al., 2009). Subl gene is an ethylene-
response-factor that enhances submergence tolerance
of rice. Plant adopts different mechanisms to tolerate
the submergence stress. Quiescence and elongation are
two opposite strategies by which rice adapts to flood
depending upon the nature of flooding (Luo et al,
2011). Rice plants that exhibit only limited elongation
during submergence often show tolerance to flash
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flooding. This is probably due to energy conservation
during flooding for maintenance and survival processes.
A strong negative correlation between percent survival
and elongation growth is commonly observed (Ella and
Ismail, 2006). The most important mechanisms may be
the formation of aerenchyma in the roots and leaves and
their inter-connections that allows smooth gas movement
especially O, from shoot to root to promote root growth
and plant survival under O, deficient conditions
(Vartapetian and Jackson, 1997), maintenance of high
level of non-structural carbohydrate such as starch and
soluble sugars. But the ideal response to flooding is
submergence tolerance (survival under water) together
with some elongating ability (Mackill et al, 2010;
Bailey-Serres and Voesenek, 2010).

The areas affected by flooding are expected to increase
substantially as a consequence of sea-level rise and
the predicted increases in frequencies and intensities
of flooding caused by extreme weather events (Bates
et al., 2008). Although floods destroy millions of tons
of rice every year, but there is little research on rice
production under flooding condition. For up surging the
rice production under the stress condition to feed the
overgrowing population, it is very important to find out
new promising submergence tolerant genotypes. And to
identify novel sources of tolerance, we have to conduct
a faster, easy and scorable germplasm screening.
Greater efforts are now being devoted to identify more
sources and bases of submergence tolerance. Cultivars
are needed that have faster growth after submergence
so that it could produce sufficient biomass in a shorter
period (Sarkar and Bhattacharjee, 2011). Because,
regeneration capacity of submerged rice seedlings
is crucial for high productivity (Panda et al, 2008).
Therefore, the present study was undertaken to screen
and find out the promising high yielding T. aman rice
genotypes under submergence condition based on
morpho-genetic parameters.

MATERIALS AND METHODS
Experimental site

This study was conducted in the farm yard of Plant
Breeding division at Bangladesh Institute of Nuclear
Agriculture, Mymensingh from June to December 2017.
The soil type of the experimental site was silty clay
loam under the AEZ 9 (Old Brahmaputra Flood Plain).

Experimental materials
A total of thirty rice genotypes including four checks

with diverse genetic background were used for screening
of submergence tolerance. Among them, twenty-six
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genotypes were advanced 7. aman rice lines (Table
1) and the rest four checks were released varieties of
submergence tolerant (Binadhan-11, Binadhan-12,
BRRI dhan51, BRRI dhan52). These genotypes were
selected for screening at the reproductive stage to
exhibit various degrees of tolerance to submergence
condition.

Experimental design

Design of the experiment was Completely Randomized
Design (CRD) with two factors, Factor A: Thirty (30)
T. aman rice genotypes; Factor B: Submerged condition
and non-submerged control condition. Drum and pot
screening method was used. Germinated seeds of thirty
different rice entries were sown in each of the two
replications in pot filled with fertilized soil containing
50 N, 25 P and 25 K mg/kg of soil. Two glass fibre
trays were filled with ordinary tap water and pots were
placed on these trays. Those served as a water bath and
then the seedlings were grown for eight weeks under
normal condition. Eight weeks old seedlings were then
transferred into 100 cm long drum with 49 cm diameter
and submerged with 95 cm depth of tank water. The water
depth was maintained 95 cm throughout the experiment.
Then the seedlings are fully submerged for 15-20 days.
After 15-20 days of submergence the seedlings were
taken from the drum and get of the water and kept
it under normal condition until maturity. Weeding,
thinning, irrigation, pesticide etc. were followed as
and when necessary to ensure the normal plant growth
and development. Upon maturity data on yield and
yield components were taken. The considered traits for
data collection were plant height (cm), number of total
tillers plant!, number of effective tillers plant!, panicle
length (cm), number of filled grains panicle!, number
of unfilled grains panicle™, 1000-grain weight (g) and
yield plant! (g). Percent reduction was calculated using
the following formula:

% reduction= {(traits of normal- traits in submergence)/
Traits in normal} x100

Statistical analysis

MSTAT-C software was used to perform statistical
analysis of data on yield and yield components from
normal and submerged condition. Duncan’s Multiple
Range Test (DMRT) was used for lettering the mean
performance of rice genotypes. Genetic parameters
such as genotypic and phenotypic variance, heritability,
genotypic co-efficient of wvariation (GCV) and
phenotypic co-efficient of variation (PCV), genetic
advance and correlation co-efficient were estimated as
follows:
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Genotypic variance, ng(J ohnson et

al., 1955) r

6%g=GMS-E

MS

Where,
GMS = Genotypic mean square
EMS = Error mean square
r = Number of replication

Phenotypic variance, ¢*

- (Johnson et al., 1955) ’

6%,=0> + EMS
g

Where,
o2 = genotypic variance
EMS = Error mean square

2

Heritability, h? Y Where,
b h2=_2¢x100 . .
1il. (Johnson et al., 1955 and Hanson et b ol ng: genotypic variance
al., 1956) P Gzp = phenotypic variance
Genotypic co-efficient of variations, 5
iv GCv GCV :G_gx 100 o’ = enz\t/hefs ’Variance
" | (Burton and Devane, 1953 and Singh X o eenobyp
and Choudhruy, 1985) X = population mean
Phenotypic co-efficient of variations, 5
V. PCV PCV = G—gx 100 ol = her?Zth eriec, variance
’ (Burton and Devane, 1953 and Singh X g__p yP
and Choudhruy, 1985) X = population mean
Where,
. h’b = heritability
Vi. gzﬁizg:g;]zl;ci’ggg GA= hzb.K.Gp K = selection differential, the value of which is 2.06 at

5% selection intensity
o, = phenotypic standard deviation

Genetic advance in percentage of

vii. | mean, GA (%)

GA (%) = 92 x100

X

Where,
GA = genetic advance

(Comstock and Robinson, 1952) X= population mean
Where,
12 : : :
i Genotypic correlation, g, . CoV.gl 7 CoV. g genotypic c;ggr;ance between the trait X,
. . 12 = 2°
(Miller et al,, 1985) olglxolg? o’g' = genotypic variance of the trait x,
o°g® = genotypic variance of the trait x,
Where,
12— . . :
. Phenotypic correlation, rp, o CoVpl2 CoV.p'*= phenotypic c;rzlglilance between the trait x,
: 1 12 = 2"
(Miller et al., 1985). o’plxap? o’g' = phenotypic variance of the trait x|

o°g” = phenotypic variance of the trait x,

RESULTS AND DISCUSSION
Analysis of Variance

Analysis of variance of thirty rice genotypes for yield and
yield attributing traits revealed that significant differences
were present among the genotypes for all the studied
traits under submergence treatment except number of
effective tiller plant’ for genotype-treatment interaction
(supplementary Table 1 and 2). BRRI dhan51 (16.07%),
IR 06 (15.43%) and Binadhan-11 (8.45%) showed highest
plant height reduction under the submergence stress (Table
3). On the other hand, lowest plant height reduction was
observed by IR 12 (6.52%) followed by IR 16 (6.81%).
These results indicated that plant height reduced under
the submergence stress. This result agrees with that of
Sugai et al., 1999 and Kotera et al., 2005. Submergence
stress might inhibit cell division or cell enlargement so
that plant height was reduced. Increase of plant height
is a submergence adaptive trait occurred in most of
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the cases where water stagnation is common (Sugai et
al., 1999). Under submergence stress IR 01 (26.48%)
showed highest reduction in number of total tiller plant!
followed by BRRI dhan52 (21.18%). IR 24 (33.38%),
IR 01 (31.93%), IR 04 (22.22%) and IR 02 (20.00%)
showed greater number of effective tiller plant! reduction
under the submergence stress whereas IR 05 (1%), IR 28
(3.30%), IR 08 and IR 19 (5.58%) exhibited the lowest
number of effective tiller plant! reduction under the
submergence stress (Table 3). Number of effective tiller
plant! was highest at non-submergence condition (IR 18)
and lowest at submergence condition (IR24) (Table 2). A
decreasing trend in effective tillers plant'! was shown by
all the varieties as the duration of submergence increased
(Table 2). The number of the effective tillers plant” is one
of the major yield determinants. The genotype in which
the reduction of effective tiller plant” due to submergence
is lower is considered as submergence tolerant because
the high tilling ability is desirable for achieving maximum
yield. Due to submergence the formation of tiller bud
might hamper which decreased the tiller number. Hanada
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et al, (1990) suggested that the lack of oxygen for
respiration or accumulation of ethylene might inhibit
tiller bud formation and growth. However, the loss in
tillers per unit area could not be compensated for in the
sensitive genotypes because of the drastic decrease (up
to 98 %) in survival (Singh et al., 2014). Panicle growth
was also retarded by the submergence stress. At this study,
in reproductive stage several genotypes showed highest
panicle length reduction. IR 14 showed highest panicle
length reduction (15.77%) followed by IR 21 (11.13%), IR
17 (9.32%) and Binadhan-11 (9.12%). On the other hand,
IR 13 showed lowest (2.16%) panicle length reduction
(Table 3). Panicle length was highest at non-submergence
condition (IR 05) and lowest at submergence condition
(Binadhan-12) (Table 2). The results are conformity with
Hushine (2004) who stated that panicle length was affected
by the number of seedlings hill!. Though submergence
decreased the panicle length, the reduction rate was very
low. Considering filled grain, genotypes IR 10 (0.00%),
IR 06 (3.12%), IR 19 (3.99%) and IR 20 (4.11%) showed
lowest reduction. On the other hand, IR 23 (7.41%),
Binadhan-12 (7.12%), IR 16 (6.71%) and BRRI dhan51
(6.66%) showed highest reduction (Table 3). Submergence
tolerant genotypes showed lower reduction of number of
filled grain panicle! than the non-submergence tolerant.
This is because of loss of biomass production was lower
in tolerant genotypes which increased the assimilation and
ultimately produced the high number of grains (Table 3).
Mahapatra (2017) found a significant difference among
the cultivars as regard to number of grains panicle™.1000-
grain weight was also highest at non-submergence stage
and lowest at submergence stress. 1000-grain weight
decreased with increase in the duration of submergence
in every variety (Table 2). IR 25 (14.71%), Binadhan-12
(10.34%), IR 24 (5.92%), IR 27 (5.32%) and IR 23
(5.22%) showed greater 1000-grain weight reduction
under the submergence stress. On the other hand, lowest
1000-grain weight reduction was observed by IR 29
(1.18%) followed by IR 05 (2.33%), Binadhan-11 (2.45%)
and IR 08 (2.73%) (Table 3). Decreased grain size in
submerged treatment might be due to improper grain
filling; though the difference was not significant. Nugraha
et al., (2012) stated that the lowest 1000-grain weight
under submergence conditions was due to improper grain
filling and uneven filling stage, therefore, at harvest the
grains had different maturity stages thus lowered grain
weight. Zhang et al., (2015) did not found any significant
difference between control and submergence treated plant.
Yield plant! was also greater at non-submergence stage
and lower at submergence stress (Table 2). On the basis of
yield, IR 24 (6.25%), Binadhan-12 (7.69%), Binadhan- 11
(8.31%) and IR 13 (8.33%) showed lowest reduction. On
the other hand, IR 11 (15.35%), IR 05 (15.00%), IR 08
(14.83%) and IR 15 (14.56%) showed highest reduction
(Table 3). Wang et al., (2014) investigated the influence
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of slight submergence (2 days and 4 days) on midseason
rice at the final phase of the tilling stage and found that
the yields of the experimental groups were close to those
of the control group. Different yield components like
number of total tiller plant!, number of panicle plant"
panicle length was greatly affected by submergence stress
in rice (Voesenek and Bailey-Serres, 2015).

Estimation of genetic parameters of rice genotypes

Genetic parameters for all studied yield attributing traits
are presented in Table 4. In this study all the traits showed
significant genotypic and phenotypic variance (Table
4). This study indicated that for all the traits phenotypic
coefficient of variation (PCV) was higher than genotypic
coefficient of variation (GCV) (Table 4). Similar result was
found by Bhadru et al., (2012). The difference between
the PCV and GCV indicated the environmental influence.
In this study the lowest value of GCV and PCV was found
for the trait plant height while the highest value of GCV
and PCV was found for the trait yield plant” (Table 4) The
estimates of GCV reflect the total amount of genotypic
variability. However, the study of PCV and GCV is
not only useful for comparing the relative amount of
phenotypic and genotypic variations among different traits
but also very useful to estimate the scope for improvement
by selection. Heritability estimates are of great important
in plant breeding. In this study, most of the studied traits
showed high heritability (Table 4). Heritability of all the
traits ranging from 62.44% to 99.42%; while the highest
heritability was found in number of filled grain panicle
(99.42%) (Table 4). High heritability values indicate
that the characters under study are less influenced by
environment in their phenotypic expression and have
the greater possibility of genetic improvement through
selection methods. Character showing high heritability
may not necessarily give high genetic advance. Johnson
et al, (1955) showed high heritability should be
accompanied by high genetic advance to arrive at more
reliable conclusion. The highest value of genetic advance
was found in trait 1000-grain weight (60.34). The lowest
genetic advance was in number of unfilled grain panicle™
(1.8) (Table 4). High heritability and low genetic advance
was observed for number of filled grain panicle’ and
number of unfilled grain panicle™! (Table 4). These may
be attributed to non-additive gene action governing the
traits, and these characters could be improved through the
use of hybridization and hybrid vigor. The highest value
in genetic advance as percent of mean was found for the
trait number of effective tiller plant' (178.23 %); while
the lowest value (4.32 %) for the trait number of unfilled
grain panicle’! (Table 4).

Phenotypic correlations among the traits
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Phenotypic correlation based on the effect of genotype
on different traits was measured (Table 5). Majority
of the traits gave significant and positive correlations
with each other (Table 5). Highly significant positive
association were observed between number of total tiller
plant! and number of effective tiller plant! (r= 0.75),
yield plant! and 1000-grain weight panicle! (r= 0.61),
number of effective tiller plant”' and number of filled grain
panicle (r= 0.55) (Table 5). Correlation coefficients give
apparent relationship between two or more parameters.
Submergence changed the growth pattern compared
to the control. Yet several parameters showed distinct
relationship among themselves (Table 5). It showed
that the changes of different plant characteristics were
simultaneous under submergence. Correlation analyses
further revealed that maintenance of plant height, panicle
length, number of effective tiller plant”, number of filled
grain panicle! and 1000-grain weight was important for
plant performance under submergence stress (Sarkar and
Das, 2003; Kato et al., 2014). Identification of the plant
traits that were responsible for variations in yield stability
could help rice breeders in developing high yielding
genotypes adapted to submergence.

CONCLUSION

Submergence stress has frequently encountered in rice
crop, is a widespread curb of rice production in Southeast
Asiamainly having irrigated and high rainfall environment.
Climate change accelerates the condition towards more
damaging situation. The presently cultivated rice varieties
may not be able to withstand this increased submergence.
Hence, it is imperative to develop submergence tolerance
rice variety with high yield potential and grain quality
using modern tools of biotechnology. However, most
of the works on selection of submergence tolerant rice
considered only the vegetative stage. So, it is essential to
develop submergence tolerant rice lines at reproductive
stages. In this study thirty rice genotypes were evaluated
at reproductive stage under submergence condition.
The performance of the genotypes with respect to yield
and yield components differed from each other under
submergence and non-submergence conditions. Yield
and yield components of the genotypes reduced in
submergence condition. IR 28, IR 16, IR 18, IR 05, IR 06,
IR 07, IR 24 were identified as tolerant to submergence
stress. All tolerant genotypes showed higher plant height,
number of total tillers plant’, number of effective tillers
plant!, panicle length, number of filled grain panicle?’,
1000-grain weight and yield plant respectively. Adequate
genetic diversity was present among the studied rice
genotypes. High values of heritability and genetic advance
for most of the yield attributes offer the more opportunity
for further improvement of those following breeding
program. Correlation study revealed the associated traits
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thus having influence on rice yield under submergence
condition. Moreover, studied rice genotypes showed wide
variations in submergence tolerance.
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