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Abstract– Submergence stress due to flash flooding is one of the most adverse abiotic factor of plant growth
and productivity, considered a severe threat for sustainable crop production in the changing climate. Rice
is semi-aquatic crop, able to make several modulations in their adaptive traits to sustain submergence stress,
but intense and prolonged flooding is fatal for its sustainability. In this context, a field experiment was
conducted to assess the effect of different submergence regimes (7, 14 and 21 days’ submergence) on agro-
morphological and physiological traits in rice at ICAR-National Rice Research Institute, Cuttack, India. The
experiment was laid out in a Complete Randomized Design with three replications. Control (no
submergence) and submergence (7, and 14 days) were imposed on eleven rice genotypes at vegetative stage.
Plant height, number of tillers hill-1, spikelets fertility, % survival, chlorophyll content, total soluble sugar
content showed decreasing trend under submergence, whereas, accumulation of proline content and ADH
activities reported enhanced level under submergence, especially in Sub1 carrying lines. From the current
research, it was observed that submergence stress affected plant growth stages substantially, therefore,
genotypes showed least vulnerability under seven days’ submergence might be utilized in traits
improvement program.

INTRODUCTION

Impeding climatic scenario and depleting soil
resources threaten rice (Oryza sativa L.) crop
sustainability throughout the world.  Frequent
occurrence of submergence, drought and salinity are
the most detrimental abiotic stresses for rice
production in rainfed ecosystem (Sekar and Pal
2012). Submergence due to flash flooding (FF) is
third important abiotic stress in rainfed ecologies,
hampers sustainability of crop plants and causes
huge yield loss, annually (Iftekharuddaula et al.,
2015). In India, ~36% of the rice area are
submergence prone, of that ~90% are distributed in
eastern states where rice is a major commodity of
livelihood (Pradhan et al., 2015). Being semi-aquatic
in nature, rice plant are able to modulates in various
ways to sustain under submergence (Khush et al.,
1997). However, intense and prolonged
submergence is fatal for its substantiality (Kumar et

al., 2021). Submerged plant canopy faces several
challenges like energy shortage, nutrient and
oxygen deficiency which affects proper plant
growth and survival (Pradhan et al., 2019). Besides,
submergence creates very conducive environment
for the growth of several biotic stresses like bacterial
blight (BB) and sheath blight which makes havoc to
the rice sustainability under rainfed shallow-
lowland. Changing climate scenario looking very
distressing, predicting severe and frequent flooding
down the line in coastal regions (Sanchez et al.,
2000).

Rice is major staple crop in India, needs further
breeding attention step up yield potential in rice by
70% to feed our ever-growing population (Godfray
et al., 2010). Frequent outbreak of major biotic
stresses and resurgence of minor diseases and pests
are others challenges of rice production under RSL
(Hasan et al., 2015). In this context, development of
climate resilient and multiple disease resistance
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cultivars found to be substantial to combat rice yield
losses (Ronald et al., 1992). Rice plants has inbuilt
ability to sustain flooding up to one week (Adkins et
al., 1990; Palada et al., 1972,), however, beyond that
only tolerant genotypes can survive (Catling et al.,
1992). Tolerant plants make several adaptive
changes to sustain under hypoxia/anoxia without
major damage (Pradhan et al., 2019; Samanta et al.,
2020; Sarkar et al., 2014). Tolerant plants are able to
manipulate synthesis/secretion of several plant
growth regulators like ethylene, gibberellic acid
(GA), abscisic acid (ABA) which regulates shoot
elongation and leaf senescence, thus, enhances plant
survival under flood (Rajpurohit et al., 2011).
Tolerant plants are able to switched-on alcohol
dehydrogenase (ADH) activity which controls
judicious energy consumption and enhances plant
survivality under submergence (Kumar et al., 2021).

In rice, genomic blocks regulating adaptive
modulations under flooding have been identified,
validated and successfully deployed in several
suitable genetic background (Singh et al., 2016). The
Sub1 gene controlling two weeks’ tolerance is
mapped on chromosome-9 alongwith other minor
QTLs in the Indian rice landrace FR13A (Xu et al.,
1996 and 2006). FR13A is utilized as donor of Sub1
in many rice improvement programs (Pradhan et al.,
2015 and  2019). Popular rice varieties, Swarna
(Neeraja et al., 2007), Ranjit (Chetia et al., 2018), IR64
(Singh et al., 2015), Chehrang (Singh et al., 2015),
CO3 (Rahman et al., 2018), CR 1009 (Singh et al.,
2015), BRRI dhan52 (Kabir et al., 2017), Aiswarya
(Nair et al., 2021) etc. have been pyramided with
Sub1 through MAS/MAB approach. In this context,
genomics based improvement of plant resistance/
tolerance has been proven as most promising
strategies towards development of sustainable
cultivars. Hence, identification of suitable donors
having close genetic proximity and duration with
recurrent parent is paramount important for precise
and fast development of climate resilient cultivars.
This study is aimed at assessment of submergence
effect on agro-morphological and physiological
features in tolerant and intolerant rice genotypes in
order to select suitable parent might invigorate the
climate resilient rice breeding program.

MATERIALS AND METHODS

Field experiment was carried out with eleven rice
genotypes viz., tolerant genotypes- Swarna Sub1,
CRMS 31B, CRMS 32B, Chehrang Sub1, CR Dhan

801, and intolerant genotypes- Mrunalini, Hasanta,
Upahar, Swarna Shreya, IRBB66 (carrying five
resistant genes for bacterial blight, Xa21, xa13, Xa7,
xa5 and Xa4) and CRL 22R at ICAR-National Rice
Research Institute, Cuttack, India. The experiment
was laid out in a Complete Randomized Design
(CRD) with three replications. Submergence
screening of 11 rice genotypes was performed under
standard evaluation system (SES) (IRRI, 2014) at
ICAR-National Rice Research Institute, India.
Biochemical parameters like Alcohol
Dehydrogenase activity (ADH) (Lowry et al., 1951)
total soluble sugar content (DuBois et al., 1956,
Krishnaveni et al., 1984), total chlorophyll content
(Witham et al., 1971) and proline content (PC) (Bates
et al., 1973) were estimated/analyzed to assess the
biochemical changes and their relation with Sub1 in
tolerant genotypes. Twenty days old seedlings of
each genotype were grown in screening tank in
three rows with 22 plants per row at 20cm x 15 cm
spacing. Subsequently, complete submergence was
imposed for 14 days with 1.5-meter water depth.
After fourteen days of submergence, water was
removed from the tanks and regeneration was
recorded after one week (IRRI, 2014). The data were
recorded on five plants from each of the entries for
the characters namely: days to 50% flowering (DFF),
days to maturity (DM), plant height (PH), flag leaf
length (FLL), flag leaf width (FLW), number of
effective tillers per plant (NETPP), panicle length
(PL), panicle weight (PW), number of grains per
panicle (NGPP), number of chaffs per panicle
(NCPP), Spikelets fertility % (SF%), test weight
(TW), grain yield per plant (GYPP) and % survival
(% S). Further, the lines were also analyzed for grain
and cooking quality parameters such as head rice
recovery (HRR) [34], kernel length before cooking
(KLBC), kernel breadth before cooking (KBBC),
length/breadth ratio (L/B), amylose content (AC)
and panel test for palatability trait as described by
(Khanna et al., 2015). The statistical analysis was
performed using XLSTAT and SPSS packages.
Duncan’s Multiple Range Test (DMRT) adjudged the
treatment means (Gomez et al., 1984). Use of plant
material comply with relevant institutional,
national, and international guidelines and
legislation.

RESULTS AND DISCUSSION

Submergence due to flash flooding during different
growth stages in rice affects the growth and
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productivity. Morphological and physiological
parameters of eleven rice genotypes (tolerant and
intolerant) recorded at different submergence
regimes (0, 7 and 14 days of submergence) showed
significant differences at 5% level of probability.
Seven days of submergence recorded highest days
to fifty percent flowering in all genotypes and it was
Upahar amongst genotypes (144.3 days) followed by
CRL22R (131.7 days). Similarly, interaction effect of
genotype and submergence regime, Upahar
recorded highest days of maturity at 14 days of
submergence followed by CRL 22R (154.0 days) and
Hasanta (152.3 days). (Table 1).  In contrast, plant
height showed reducing trend with the duration of
submergence regimes, it was recorded maximum
under 7 days’ submergence condition. Genotypes
Hasant and Upahar recorded maximum height
reduction followed by Mrunalini and CR Dhan 801
(Table 1). Similarly, flag leaf length was another
morphological parameter recorded drastic
reduction in their length under submergence, it was
recorded maximum value under 7 days of
submergence in tolerant and intolerant genotypes.
CRL 22R, CRMS 31B, Hasanta and Mrunalini has
recorded maximum reduction under seven days of
submergence stress. Whereas, flag leaf width
recorded increasing trend, it was recorded widened
under up to 7 days of submergence, then after
reduced leaf width in all genotypes irrespective of
their tolerance or intolerance nature (Table 1).
Besides, number of effective tillers per plant
(NETPP) was recorded varying range of impact,
most of the genotypes recorded no substantial
impact up to 14 days of submergence, but beyond
that all genotypes recorded drastic reduction in
effective tillers number per plant. It was intolerant
genotype Hasanta which recorded maximum
reduction (6.41) followed by Upahar (7.47), IRBB66
(7.7) and CRL 22 (8.87).  The minimum reduction in
tillering ability under 14 days of submergence was
recorded in the tolerant genotypes Swarna Sub1,
CRMS31B, CRMS 32B, CR dhan 801 (Table 1.0). In
addition, panicle length under submergence was
found to be least affected, it was reduced up to
seven day of submergence and then after recorded
increasing length of panicle in all genotypes. The
intolerant line CRL 22R recorded maximum
recovery in panicle length under 14 days of
submergence (24.69 cm) followed by CR Dhan 801,
CRMS 31B, CRMS 32B ect.  Similarly, per panicle
weight was also decreased with the increasing of
submergence regimes, maximum reduction was

recorded in the genotype IRBB66 (3.79g) followed
by Swarna Shreya (4.47g) and Upahar (4.77g) after
14 days of submergence. Number of grain per plant
(NGPP) was recorded varying range of response
under submergence, it was drastically reduced up to
seven days of submergence, highest reduction was
recorded in CRMS 31B and CRMS 32B (more than
50 grain per panicle) followed by Swarna Shreya,
CRL 22 and IRBB66. Spikelets fertility tested
genotypes is another morphological parameter
affected most up to 7 days of submergence, but
recovered gradually during 14 days and prolonged
submergence. It was CRL 22 which recorded
minimum spikeltes fertility reduction followed by
CRMS 31B and Swarna Sub-1 under 7 days of
submergence. Test weight is less affected parameter
under submergence, there were no substantial
changes were recorded. whereas, grain yield per
plant was also suffered substantially under two
weeks of submergence, where CRMS31B and
CRMS32B recorded maximum yield (more than 13.0
g/plant) penalty under submergence. Grain quality
parameters like dimension and milling quality was
least affected under submergence (Table 1),
differences recorded in these traits in studied
genotypes were due to mere genotypic effect of the
lines screened. Plant survibility under submergence
on the other hand recorded varied range of
response, all genotypes carrying Sub1 genes
(Swarna Sub1, Chehrang Sub1, CRMS 31B, CRMS
32B, CR Dhan 801) recorded more than 50%
recovery after 14 days of submergence, whereas, rest
intolerant genotypes were perished.

The eleven rice genotypes evaluated for
physiological traits like, total chlorophyll content,
total soluble sugar, ADH activities and proline
accumulation under 0, 7, 14 and 21 days of flooding
regimes recorded substantial differences at 5% level
of significance (Table 2). The total chlorophyll (Chl
a and Chl b) content was measured in leaf and culm
of 60 days old plants after 7, 14 and 21 days of
submergence. The result revealed that the maximum
chlorophyll content was reported under control
condition (ranged from 3.23 to 1.30 mg g-1), highest
value is recorded in Hasanta under control (3.23 mg
g-1), under 14 days of submergence it was recorded
highest in Swarna Sub1 (3.20 mg g-1) and other Sub1
carrying genotypes except CR Dhan 801 which
recorded lowest (1.30 mg g-1) among tested
genotypes. Furthermore, total soluble sugar (mg g-
1 fr. wt.) was recorded maximum in non-submerged
leaves in all genotypes which slowly decreased with
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increase in sub-mergence period. Under non-
submergence (control condition), all genotypes had
high level of soluble sugar content which showed
considerable reduction up to 7 days of submergence
then after recorded increasing trend. Tolerant
genotypes had comparatively slowed increase in
soluble sugar with prolonged submergence period
(beyond 7 days flooding). Result indicates slowed
consumption of insoluble sugar during flooding led
submergence tolerance in rice.

Similarly, activity of Alcohol dehydrogenase
(ADH) was reported increasing trend, recorded
maximum (1.60 to 9.67 per minute per g fr. wt.) in
the lines carrying Sub1 gene even after 14 day of
submergence. ADH activities was found highest in
the Swarna Sub1 (9.90 per minute per g fr. wt.)

followed by Hasanta (9.67 per minute per gm fr.
wt.). In addition, proline maintains normal
osmoregulation in plant tissue under submergence.
Our results revealed increasing trend of proline
accumulation under submergence in all genotypes
carrying Sub1. Genotypes carrying Sub1 gene
showed maximum proline accumulation even after
14 days of submergence (Table 2).

Submergence stress is detrimental to rice
production in Asian countries, accounting ~600
million USD annual monetary loss (Kumar et al.,
2021). Turbid water and dense algal growth under
flooding hinders light and gaseous transmission,
affects the photosynthetic activity and led plants to
die due to starvation (Bailey-Serres et al., 2008,
Bhaduri et al., 2020). Submergence stress alongwith

Table 2. Combined effect of genotypes and different submergence regimes (0, 7, 14, 21) on physiological traits of 11 rice
genotypes

Genotype Submergence regime TCC TSS ADH Proline content

Hasanta Control 3.23a 0.11 ab 2.28 a 0.097 ab
7 days 3.10 a 0.123 a 9.40 a 0.103 a
14 days 2.36 bc 0.15a 9.67 a 0.110 a

Mrunalini Control 2.45 bc 0.13 a 2.14 ab 0.100 a
7 days 2.30 c 0.13 a 7.75 b 0.090 a
14 days 2.40 b 0.14 ab 5.91 b 0.103 ab

Swarna Sub-1 Control 2.40 bc 0.12 ab 2.03 ab 0.083 ab
7 days 2.43 bc 0.11 ab 9.90 a 0.103 a
14 days 3.20 a 0.13 abc 5.72 b 0.097 abc

Upahar Control 3.13 a 0.11 ab 2.30 a 0.097 ab
7 days 2.60 b 0.12 a 2.53 cd 0.100 a
14 days 1.83 de 0.12 bc 3.65 d 0.090 bcd

CRMS 31B Control 2.40 bc 0.11 ab 2.26 a 0.090 ab
7 days 1.80 fg 0.11 ab 2.36 cd 0.090 a
14 days 2.40 b 0.13 abc 3.82 cd 0.097 abc

CRMS32B Control 2.63 b 0.13 a 2.10 ab 0.090 ab
7 days 2.03 def 0.11 ab 1.96 cde 0.100 a
14 days 2.16 bc 0.08 d 4.70 c 0.090 bcd

CR Dhan 801 Control 2.56 b 0.10 b 2.10 ab 0.080 b
7 days 2.36 bc 0.11 ab 1.93 de 0.097 a
14 days 1.30 f 0.13 abc 4.08 cd 0.090 bcd

Chehrang sub-1 Control 2.03 d 0.10 b 2.03 ab 0.093 ab
7 days 2.03 de 0.11 ab 2.63 c 0.093 a
14 days 1.60 ef 0.13 abc 2.37 e 0.087 bcd

Swarna Shreya Control 2.40 bc 0.13 b 2.08 ab 0.090 ab
7 days 2.07 d 0.11 ab 2.09 cde 0.083 a
14 days 1.30 f 0.12 c 2.53 e 0.080 cd

CRL 22R Control 2.00 d 0.13 a 1.83 b 0.080 b
7 days 1.80efg 0.10 b 2.33 cd 0.070 a
14 days 2.07 cd 0.07 d 3.67 d 0.080 cd

IRBB66 Control 2.20 cd 0.11 ab 1.77 b 0.080 b
7 days 1.60 g 0.07 c 1.60 e 0.090 a
14 days 1.33 f 0.07 d 4.07 cd 0.077 d

Values having common letter(s) in a column do not differ significantly at pd”0.05 as per DMRT.
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other biotic factors causing substantial yield and
quality loss in rice (Kumar et al., 2021). Frequent
occurrence of flash flooding and pathogenic
dynamics with varying levels of genetic diversity
and virulence renders their management extremely
challenging (Kumar et al., 2021). There are plenty of
suitable rice cultivars are available but stress due to
submergence threatens rice productivity under RSL
and deep water ecosystem (Chetia et al., 2018).
Enhancing resistance level of the host plant presents
a standard practice to mitigate the risks of biotic and
abiotic stresses, ecofriendly (Chukwu et al., 2019,
Das et al., 2016, and 2018). Evidence suggests that
stacking tolerant/ multiple R genes resulting in
quantitative complementation or synergistic
response, improves the resistance/tolerant level of
plants (Pradhan et al., 2019). In recent years,
advanced genomic tools (Chukwu et al., 2019; Das et
al., 2016, and 2018, Cobb et al., 2019) have made
significant contributions to the trait improvement in
plant breeding. In this context, identification of
suitable donor and recurrent genetic background is
paramount importance for improving the resilient
traits in rice (Pradhan et al., 2015 and 2019).

The present study demonstrates the utility prior
screening of parent genotypes to be utilized as
donor and recurrent parents in trait improvement
programs. The results demonstrated that genotype
carrying Sub1 gene had >02 week flooding tolerant
(Pradhan et al., 2019) than intolerant genotypes
(Cheema et al., 2008). Selection of genetically similar
parent helps in reduction in number of backcrosses
in crop improvement program as led accelerated
accumulation of desirable genes (minor) in
derivatives. Being semi aquatic plant, rice is able to
make several modulations to sustain under flood
adversity (Kumar et al., 2021). Results of the
physiological analysis of total soluble sugar content,
total chlorophyll content, ADH activities and
proline accumulation under submergence revealed
considerable impact of Sub1 introgression in the
carrier genotypes like Swarna Sub1, CRMS31B,
CRMS 32B, CR Dhan 801 and Chehrang Sub1 (Table
2). Delayed degradation of the total chlorophyll
content under complete flooding helps plant to
sustain longer (Adak et al., 2000). SUB1A delays
dark-induced senescence through the conservation
of carbohydrate reserves and chlorophyll in the
photosynthetic tissue (Ghosh et al., 1971) which
helps in post submergence fast recovery (Xu et al.,
1996). Our result revealed comparatively slowed
degradation in total chlorophyll content in the

genotypes carrying Sub1 is fully corroborated with
previous findings (Deka et al., 2000).

Under submergence, tolerant plants are capable
to restricts their growth, thus, conserve ~25-50%
more nonstructural carbohydrate which helps in
faster post sub-mergence recovery “quiescent
strategy” [88]. Slowed release of non-structural
sugar or total soluble sugar in submerged canopy
indicates its judicious consumption of stored sugar
which helps prolonged survibility and post
submergence fast recovery (Sarkar et al., 2006). We
have reported in our study that lines carrying Sub1
gene had showed slowed release of soluble sugar
even beyond two weeks of submergence followed
‘quiescence’ strategies’ of submergence tolerant
(Kumar et al., 2021). Whereas, intolerant lines
showed rapid increment in non-structural sugar
after one week of submergence. Increased activity of
hydrolase enzymes like ADH, á-amylase etc.
facilitates energy to submerged canopy through
anaerobic respiration (Kumar et al., 2021). Results of
ADH activities revealed that lines carrying Sub1
including donor had progressive ADH activity
during submergence which helped in reduction of
aldehyde production, thus increase hypoxia/anoxia
tolerance in rice (Rahman et al., 2018). Increased
accumulation of proline content in stressed plant is
also an adaptive mechanism which help to maintain
osmoregulation in the submerged condition. The
results of this study will helps in selection of
desirable parents, specially donor with maximum
complementarity with recurrent parents in trait
improvement programs for precise and fast
development of resilient varieties in rice.

CONCLUSION

All the eleven rice cultivars viz, Swarna Sub1, CRMS
31B, CRMS 32B, Chehrang Sub1, CR Dhan 80,
Mrunalini, Hasanta, Upahar, Swarna Shreya, IRBB66
and CRL 22R irrespective of submergence regimes,
showed varying range of stress response. Lines
carrying Sub1 gene showed better recovery of two-
week submergence than intolerant genotypes.  From
the findings of the study, it may be concluded that
among the submergence regimes, seven days’
submergence showed the highest interaction effect
among the studied traits. So, these stage is crucial
because significant reduction was observed in
morpho-physiology of different parts due to
submergence stress under 7 days of submergence,
so, parental lines showed least vulnerability under
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seven days’ submergence might be utilized in traits
improvement program.
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