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ABSTRACT

Rice cultivation in the islands encounters submergence at various growth stages leading to substantial
yield and quality loss. Continuous and heavy rainfall during a short-span leads to water logging and
continuous submergence even up to five days. Developing submergence/flooding tolerant versions of
adapted elite rice genotypes helps to reduce the yield loss in these areas. The present study was undertaken
to evaluate the physiological response of rice genotypes adapted to island conditions under submergence
stress. The outcome of the study will help to identify promising donor for breeding submergence stress
tolerance cultivars with the background of popular rice varieties of A&N islands. The tolerant genotypes
like Black Burma, IR64 Sub1, revealed that they posses many of the adaptive traits like slower elongation
during submergence, chlorophyll retention, higher stem reserves post submergence, higher survival per
centage required for the flood-prone island ecosystem.
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Introduction

Paddy is a principal and staple food crop of the
Andaman and Nicobar Islands and occupies an area
of 5340.25 ha (India Stat, 2019). Among the districts
of A & N islands, the North and Middle Andaman
contribute a major share under rice cultivation fol-
lowed by South Andaman and Nicobar. The current
annual rice productivity is about 2.4 tons while the
estimated demand is about 6 tons. Several abiotic
and biotic stress factors further impose threat to
meet this additional yield gap of 3.6 tons. One of the
major stresses in the islands is the flooding/water
logging, especially in the low lying and coastal ar-
eas. It is quite alarming to note that A & N, post-tsu-
nami about 4206.64 ha of the total geographical is
under permanent submergence. This represents 9

per cent of the total agriculture land of the islands
and the climate change projections imply a further
expansion of the same.

In A & N islands, Rice is cultivated as a
monocrop, only during kharif season (covering 17%
of the total available land). Rice cultivation in these
islands, especially in coastal regions is constantly
exposed to soil salinity coupled with acid sulphate
soils and water logging (Gautam et al., 2013;
Velmurugan et al., 2014). Rice cultivation in the is-
lands although conducive with the high monsoon
(May-October; 3100 mm), encounters water log-
ging/submergence at various growth stages leading
to substantial yield and quality loss. Continuous,
heavy rainfall during a short span led to water log-
ging and even complete submergence even up to ten
days in these areas. In certain areas of the A & N is-
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lands, where rice is cultivated along the coast, high
tides cause water stagnation/flooding coupled with
salinity for more than fifteen days. Above causes of
waterlogging infer that submergence under the is-
land ecosystem differs from that of the other ecosys-
tems. Therefore, rainfed lowlands constitute highly
fragile ecosystem often prone to flash floods (sub-
mergence) along with high tides in the A & N is-
lands. Overcoming the effects of water logging on
rice production is essential for meeting the addi-
tional demand gap in the future. Although rice crop
is predominantly grown under stagnant water con-
ditions, prolonged periods of flooding severely af-
fect the crop growth and yield (Voesenek and
Bailey-Serres, 2013) because of poor seedling estab-
lishment, high seedling mortality, poor recovery
(Ismail et al., 2008; Singh et al., 2013).

In the rice growing belts of island, most of the
time the seedlings face a complete submergence
leading to poor seedling establishment. The other
crop stages (vegetative, reproductive and harvest)
are posed with flash floods where water level
reaches up to 50 cm causing substantial yield loss.
Although information on floodwater characteristics
is available, the surface water depth in paddy
changes continuously during the crop growth pe-
riod. The initial step towards this objective is to un-
derstand and draw inferences on the major physi-
ological processes and biochemical basis conferring
submergence tolerance in rice genotypes. Further,
this would aid in identifying donors or improve the
existing elite CIARI varieties for flooding/submer-
gence tolerance to the island ecosystem through
Market Assisted Breeding as it is necessary that
high-yielding cultivars have tolerance to complete
submergence like the submergence tolerance gene
SUBMERGENCE1 (SUB1) introgressed into back-
ground of popular varieties like IR64 and Swarna
(Ismail et al., 2013; Rahman et al., 2018, Sarkar and
Bhattacharjee, 2011). But studies pertaining to water
logging and submergence in rice under the island
ecosystem are much limited. The current status de-
picts those studies pertaining to water logging toler-
ance among the existing traditional rice (khusbuyya,
Black Burma, Red Burma, White Burma, Mushley,
Nayawin, Jaya)/ improved CARI varieties of the is-
lands is limited. Thus, the varieties need to be fur-
ther improved for water logging and submergence
conditions in the Islands. Hence, the present inves-
tigation was planned to understand the physiologi-
cal response of rice cultivars to submergence stress

that are being cultivated in the islands.

Materials and Methods

Seed materials

The genotypes taken for the study included released
cultivars of CARI namely CARI 5, CARI 6, CARI 8;
Green Super Rice varieties GSR 4, 7, 11, 18;
landraces Black Burma and Khusbuya along with
checks IR64 and IR64 Sub1. The seeds were tested
for proper germination and viability prior to con-
duct of experiments.

Screening for submergence tolerance

Screening for submergence tolerance was performed
in an artificial pond created for submergence screen-
ing constructed in the Bloomsdale Farm, CIARI,
Garacharma, Port Blair. Seeds were grown in pots of
dimension: 38.5 cm diameter (top), 30 cm diameter
(bottom) and 35 cm height. Two seedlings were
maintained per pot, three replications (five pots) for
control and stress were maintained for experimenta-
tion. Seedlings were grown up to 21 days under well
irrigated condition. After 21 days of growth which
coincides with peak tillering stage in most of the
genotypes taken, the stress pots were shifted to the
artificial submergence pond and submerged com-
pletely for 14 days. The control set of pots were
maintained outside under well irrigated conditions.
After 14 days of submergence period, pots were
taken out and recovery was scored after 2 weeks.
Survival percentage of plants was scored 14 days
after de-submergence.

Percentage of plants survived were calculated
based on the submergence tolerance scale devel-
oped by IRRI, Philippines, where, Scale 1 indicates
more than 80 % of plant survival, 3 indicates 61-80 %
of plant survival, 5 indicates 41-40 % of plant sur-
vival, 7 indicates 11-40 % of plant survival, 9 indi-
cates less than 10 % of plant survival. After de-sub-
mergence, physiological parameters plant height
and chlorophyll content (Yoshida et al., 1976) were
recorded to investigate the elongation of plants dur-
ing submergence, total leaf chlorophyll loss after
submergence period in the control and stress pots;
biochemical analysis on total carbohydrate levels in
stem was estimated after submergence. The total car-
bohydrate content of the stem samples was estimated
by following the method of Hedge and Hofreiter,
(1962), expressed in mg g-1 of dry weight basis.
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Results and Discussion

Phenotypic evaluation of rice plants

The data on survival percentage and plant height
(cm) of plants after submergence period is presented
as below (Table 1). The percent plant population
before and after stress showed that most of the is-
land varieties and landraces had a survival percent-
age in the range of 68-86, including GSR lines and
the check IR64 Sub1 depicted the highest survival
percentage of 89. The genotypes CARI 5, GSR 7,
Black Burma along with the Check IR64 Sub1 exhib-
ited greater level of tolerance (Scale 1) while the sus-
ceptible genotype IR64 had the lowest tolerance
scale of 9. Almost 90 per cent of the plant had died
in IR 64 post the submergence stress.

There was a significant increase in the plant
height of rice plants after the stress period, ranging
from 32.1 to 38.6 cm. The elongation rate of plants
ranged from 11.7 to 29.5 per cent and above 20 % in
almost many plants immediately after the de-sub-
mergence period, which is highly significant. The
elongation rate was lowest in IR64 Sub1 followed by
GSR 4, which shows that the plants have adapted a
quiescence strategy showing limited underwater
elongation which is an important trait for submer-
gence tolerance (Luo et al., 2011, Sarkar and
Bhattacharjee 2012; Vergara et al., 2014). All the
genotypes that recorded less than 14 per cent elon-
gation rate had tolerance scale of 1 to submergence
stress post the recovery period when compared with

the sensitive cultivars. The IR 64 plants were wilted
and unable to recover to measure the plant height
(Table 1). This is reported to be because of the de-
crease in hydraulic conductivity in leaves of the sen-
sitive cultivar IR64 which causes the subsequent
wilting and desiccation of the leaves after submer-
gence period (Setter et al., 2010).

The impact of submergence stress on leaf chloro-
phyll and total carbohydrate content in the stem is
discussed below (Table 2). Data was recorded before
submergence and 14 days after de-submergence.
Due to the mortality of IR 64 plants, data was not
obtained. There was a reduction in the chlorophyll
content post submergence stress in almost all the
genotypes evaluated except CIARI 6. Total chloro-
phyll content is an important parameter because,
limited light transmission alters the pigment func-
tion in impairing photosynthesis as well excess en-
ergy of the submerged plants (Panda et al., 2006,
Bailey-Serres and Voesenek, 2008; Colmer and
Voesenek, 2009; Ella and Ismail, 2006). Also, the
non-structural carbohydrate reserve in the stem was
analyzed, which showed that during the submer-
gence period most of the genotypes had a greater
utilization of carbohydrate reserves which led to re-
duction in stem reserves post the stress period.
Maintenance of stem carbohydrate reserves post-
stress is ideally associated to re-generation ability
referred to as an adaptive trait for submergence tol-
erance (Sarkar and Bhattacharjee, 2011; Fukao et al.,
2006; Panda et al., 2008).

There was a greater reduction of carbohydrate

Table 1. Impact of submergence stress on survival percentage, plant height & elongation rate

Genotypes Survival percentage (%) Tolerance Plant height (cm) Shoot
Before After scale of Before After elongation
Stress Stress stress plants Stress Stress rate (%)

CARI 5 100 86 1 32.4 36.2 11.73
CARI 6 99 74 3 28.1 35.7 27.05
CARI 8 100 68 3 30.5 37.6 23.28
GSR 4 98 71 3 28.8 32.1 11.46
GSR 7 100 82 1 29.8 33.5 12.42
GSR 11 100 79 3 31.3 35.8 14.38
GSR 18 100 80 3 28.4 33.9 19.37
Black Burma 100 86 1 30.2 34.2 13.36
Khusbuya 100 75 3 29.8 38.6 29.53
IR64 98 13 9 30.4 NS NS
IR64 Sub 1 100 89 1 29.9 31.8 6.35
SE.D. 0.0457 0.1511
P (0.001) ** **

*NS: Not Survived; Before Stress:  0 day before submergence; After stress: 14 days after de-submergence
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reserves in CIARI 8 while the genotype Black Burma
had higher non-structural carbohydrate retention
capacity (there was only 3 per cent reduction over
control as compared to 39.3 per cent in CIARI 8).

The recovery dynamics of the rice plants to sub-
mergence stress is correlated to the expression of
several traits, while some of them have been inves-
tigated in this study. The stress tolerance ability of
plants to prolonged period of flooding conditions
requires to have a coordinated trait expression viz.,
faster regeneration or recovery post stress, which is
enabled by stored carbohydrate partitioning from
the stem, better photosynthesis activity facilitated by
the chlorophyll pigments even if there has been
higher elongation of internodes mediated by GA
hormone (Winkel et al., 2013; Singh et al., 2001;
Fukao and Bailey-Serres 2008; Bailey-Serres et al.
2010). All these responses contribute for the survival
percentage and stress tolerance either via quiescence
or escape mechanisms (Luo et al., 2011; Sarkar and
Bhattacharjee, 2011; Vergara et al., 2014). The Fig. 1.
below shows that traits like survival percent is sig-
nificantly correlated to non-structural carbohydrate
reserves and plant height (r= 0.9 indicating lesser
energy use during the submergence period) as it
helps the plant for quicker regeneration following
the stress; similarly, elongation rate and plant height
are significantly correlated, where plant height is
highly influenced by the carbohydrate metabolism
(r= 0.82). Hence, the results obtained above also
show that rice genotypes which could survive and

facilitate rapid regeneration of growth that exhibited
lesser elongation rate, higher retention of chloro-
phyll pigments and higher stored reserves of carbo-
hydrates in the stem post the submergence period.
Genotype Black Burma was having the highest tol-
erance to submergence stress compared to other
genotypes while genotype CIARI 8 had stress toler-
ance score on 3 with poor survival percentage (68),
higher elongation rate (27.05), higher chlorophyll
degradation and low stem reserves (76.7) post the
stress period although it is a high yielding variety
under optimum conditions. IR 64 was observed to

Table 2. Evaluation of rice plants for total chlorophyll content and stem carbohydrate under submergence

Genotypes Total chlorophyll content Total stem carbohydrate
(mg g-1 of fresh weight) (mg g-1 of dry weight)

Before Stress After Stress Before Stress After Stress

CARI 5 1.89 1.76 120.3 88.5
CARI 6 1.73 1.74 130.6 90.4
CARI 8 1.98 1.25 126.4 76.7
GSR 4 2.37 2.28 110.7 80.0
GSR 7 2.03 1.88 137.9 104.2
GSR 11 1.84 1.73 128.5 88.3
GSR 18 1.91 1.79 112.3 75.5
Black Burma 1.87 1.70 142.1 136.7
Khusbuya 1.98 1.87 133.7 92.8
IR64 2.51 1.54 118.8 -
IR64 Sub 1 2.61 2.40 119.2 97.9
SE.D. 0.0116 0.7712
F (0.001) ** **

*-: could not measure as plants were wilted except few green leaves, BS:  0 day before submergence stress; AS:  14 days
after de-submergence

Fig. 1. Correlation matrix of traits evaluated for submer-
gence tolerance of the island cultivars
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be the most susceptible genotype that could not sur-
vive and regenerate, except for few green leaves vis-
ible in plants which failed to regenerate even during
the recovery period or displayed poorer emergence
of new tillers and leaves. The findings from this
study were similar to Singh et al. (2014) and Winkel
et al. (2013) where the physiological basis of submer-
gence tolerance is reported in detail. While, the Sub1
introgressed IR 64 check was highly tolerant high-
lighting the important role of Sub 1 gene in impart-
ing submergence tolerance especially via restricted
elongation which in turn helps to conserve energy
during stress and utilization of energy for regenera-
tion post stress. In fact, the Sub1 introgressed IR 64
plants were observed to be taller than some of the
sensitive cultivars during the early recover stages.
Several studies have reported the effectiveness of
MAS breeding for SUB 1 gene in popular rice culti-
vars in conferring tolerance to submergence stress
and higher yields (Iftekharuddaula et al., 2011; Singh
et al., 2013; Dar et al., 2013; Bailey-Serres et al., 2010;
Nagai et al., 2010; Sarkar and Bhattacharjee, 2012).

Conclusion

The present investigation on performance of rice
genotypes to submergence stress tolerance to the fre-
quent flooding conditions in the islands has re-
vealed interesting physiological responses. The
present study has also depicted the effectiveness of
Sub 1 introgression to high yielding genotypes that
exhibit tolerance to submergence stress through qui-
escence survival strategy and post stress recovery.
The variation among the tolerant and susceptible
genotypes clearly indicates the necessity to identify
more donors that can be exploited for breeding
programmes to improve the high yielding cultivars.
Results observed in this study provide clear evi-
dence of the interrelation among the potential physi-
ological traits that are useful for genetic variation in
the genotypes studied as well in other plants.

Contribution by the authors

SS conceived the study, both SS and SPK designed
the experiments. Both the authors executed the ex-
periments where SPK provided the materials and
inputs for the study. SS drafted the manuscript. Both
the authors checked and approved the final manu-
script.

Conflicts of interest

No conflict of interest among the authors

Acknowledgements

The authors are thankful to the technical assistance
rendered at the Bloomsdale Farm, CIARI in carrying
out the experiments.

References

Bailey-Serres, J., Fukao, T., Ronald, P., Ismail, A., Heuer,
S. and Mackill, D. 2010. Submergence tolerant rice:
SUB1’s journey from landrace to modern cultivar.
Rice. 3: 138-147.

Bailey-Serres, J. and Voesenek, LACJ. 2008. Flooding
stress: acclimation and genetic diversity. Annual
Review of Plant Biology. 59: 313–339.

Colmer, T.D. and Voesenek, LACJ. 2009. Flooding toler-
ance: suites of plant traits in variable environments.
Functional Plant Biology. 36: 665–681.

Dar, M.H., Janvry, A.D., Emerick, K., Raitzer, D. and
Sadoulet, E. 2013. Flood-tolerant rice reduces yield
variability and raises expected yield, differentially
benefitting socially disadvantaged groups. Scientific
Reports. 3: 1-8.

Ella, E.S. and Ismail, A.M. 2006. Seedling nutrient status
before submergence affects survival after submer-
gence in rice. Crop Science. 46 : 1673-1681.

Fukao, T. and Bailey-Serres, J. 2008. Submergence toler-
ance conferred by SUB1A is mediated by SLRI and
SLRLI restriction of gibberellin responses in rice.
Proceedings of Natural Academy of Science USA
105: 16814-16819.

Fukao, T., Xu, K., Ronald, P.C. and Bailey-Serres, J. 2006.
A variable cluster of ethylene response factor-like
genes regulates metabolic and developmental accli-
mation responses to submergence in rice. Plant Cell.
18: 2021-2034.

Gautam, R.K., Singh, P.K., Birah, A, Kumar, K., Singh,
A.K., Kumar, N., Swain, S., Zamir Ahmed, S.K.,
Singh, Ajmer, Ravisankar, N., Devakumar, K and
Dam Roy, S. 2013. Agro-technology for higher rice
productivity in Andaman & Nicobar Islands. Tech-
nical Bulletin, Central Agricultural Research Insti-
tute, Port Blair, Andaman & Nicobar Islands, India,
42pp.

Hedge, J.E. and Hofreiter, B.T. 1962. In: Carbohydrates
Chemistry, 17 (eds. Whistler, R.L. and BeMiller, J.N.)
Academic Press, NewYork.

https://www.indiastat.com/andaman-and-nicobar-is-
lands-state/data/agriculture

Iftekharuddaula, K., Newaz, M., Salam, M., Ahmed, H.,
Mahbub, M., Septiningsih, E., Collard, B., Sanchez
D., Pamplona, A. and Mackill, D. 2011. Rapid and
high-precision marker assisted backcrossing to



480 Eco. Env. & Cons. 29 (1) : 2023

introgress SUB1 QTL into BR11, the rainfed lowland
rice mega variety of Bangladesh. Euphytica. 178: 83-
97.

Ismail, A.M., Thompson, M.J., Singh, R.K., Gregorio, G.B.
and Mackill, D.J. 2008. Designing rice varieties
adapted to coastal area of South and Southeast Asia.
Journal of Indian Society of Coastal Agricultural Re-
search. 26: 69-73.

Ismail, A.M., 2013. Flooding and submergence tolerance.
In: Kole, C. (Ed.), Genomics and Breeding for Climate
Resilient Crops. Springer, Berlin Heidelberg, pp. 269–
290.

Ismail, A.M., Singh, U.S., Singh, S., Dar, M.H. and Mackill,
D.J. 2013. The contribution of submergence-tolerant
(Sub1) rice varieties to food security in ood-prone
rainfed lowland areas in Asia. Field Crops Research.
152: 83–93. https://doi.org/10.1016/
j.fcr.2013.01.007.

Luo, F.L., Nagel, K.A., Scharr, H., Zeng, B., Schurr, U. and
Matsubara, S. 2011. Recovery dynamics of growth,
photosynthesis and carbohydrate accumulation af-
ter de-submergence: a comparison between two
wetland plants showing escape and quiescence
strategies. Annals of Botany. 107 : 49–63.

Nagai, K., Hattori, Y. and Ashikari, M. 2010. Stunt or elon-
gate? Two opposite strategies by which rice adapts
to floods. Journal of Plant Research. 123: 303-309.

Panda, D., Rao, D.N., Sharma, S.G., Strasser, R.J. and
Sarkar, R.K. 2006. Submergence effects on rice geno-
types during seedling stage: probing of submer-
gence driven changes of photosystem 2 by chloro-
phyll a uorescence induction O-J-I-P transients.
Photosynthetica. 44: 69–75.

Panda, D., Sharma, S.G. and Sarkar, R.K. 2008. Chloro-
phyll fluorescence parameters, CO2 photosynthetic
rate and regeneration capacity as a result of com-
plete submergence and subsequent re-emergence in
rice (Oryza sativa L.). Aquatic Botany. 88: 127-33.

Rahman, H., Dakshinamurthi, V., Ramasamy, S.,
Manickam, S., Kaliyaperumal, A.K., Raha, S.,
Panneerselvam, N., Ramanathan, V., Nallathambi,
J., Sabariappan, R. and Raveendran, M. 2018.  Intro-
gression of submergence tolerance into CO 43, a
popular rice variety of India, through marker-as-
sisted backcross breeding. Czech J. Genet. Plant Breed.
54: 101–108.

Rahman, H., Dakshinamurthi, V., Ramasamy, S.,
Manickam, S., Kaliyaperumal, A.K., Raha, S.,
Panneerselvam, N., Ramanathan, V., Nallathambi,
J., Sabariappan, R. and Raveendran, M. 2018. Intro-
gression of submergence tolerance into CO 43, a
popular rice variety of India, through marker-as-
sisted backcross breeding. Czech J. Genet. Plant Breed.
54: 101–108.

Sarkar, R.K. and Bhattacharjee, B. 2012. Rice genotype with
SUB1 QTL differ in submergence tolerance, elonga-

tion ability during submergence and re-generation
growth at re-emergence. Rice. 5: 7.

Sarkar, R. K. and Bhattacharjee, B. 2011. Rice genotypes
with Sub1 QTL differ in submergence tolerance,
elongation ability during submergence, and re-gen-
eration growth at re-emergence. Rice. DOI 10.1007/
s12284-011-9065-z.

Sarkar, R.K. and Bhattacharjee, B. 2011. Rice Genotypes
with SUB1 QTL Differ in Submergence Tolerance,
Elongation Ability during Submergence and Re-
submergence and Regeneration Growth at Reemer-
gence. Rice. 5: 7.

Setter, T.L., Bhekasut, P. and Greenway, H. 2010. Desicca-
tion of leaves after desubmergence is one cause for
intolerance to complete submergence of the rice
cultivar IR42. Functional Plant Biology. 37: 1096-1104.

Singh, H.P., Singh, B.B. and Ram, P.C. 2001. Submergence
tolerance of rainfed lowland rice: search for the
physiological markers traits. Journal of Plant Physi-
ology. 158: 883-889.

Singh, S., Mackill, D.J. and Ismail, A.M. 2014. Physiologi-
cal basis of tolerance to complete submergence in
rice involves genetic factors in addition to the SUB1
gene. AoB Plants. 2014 Oct 3;6:plu060. doi: 10.1093/
aobpla/plu060.

Singh, U.S., Dar, M.H., Singh, S., Zaidi, N.W., Bari, M.A.,
Mackill, D.J., Collard, B.C.Y., Singh, V.N., Singh,
J.P., Reddy, J.N., Singh, R.K. and Ismail, A.M. 2013.
Field performance, dissemination, impact and track-
ing of submergence tolerant (Sub1) rice varieties in
South Asia. SABRAO Journal of Breeding and Genet-
ics 45: 112-131.

Velmurugan, A., T.P. Swarnam, N. Ravisankar and S. Dam
Roy. 2014. Prospects for organic farming in
Andaman and Nicobar Islands. Journal of the
Andaman Science Association. 19(2) : 116-125.

Vergara, G.V., Nugraha, Y., Esguerra, M.Q., Mackill, D.J.
and Ismail, A.M. 2014. Variation in tolerance of rice
to long-term stagnant flooding that submerges most
of the shoot will aid in breeding tolerant cultivars.
AoB Plants. 6: 55. doi: 10.1093/aobpla/plu055.

Vijayalakshmi, D. and Muthurajan, R. 2018. Genetic and
Physiological Improvement of Rice for Submergence
Tolerance. Madras Agricultural Journal. 105.
10.29321/MAJ.2018.000168.

Voesenek, LACJ, Bailey-Serres J. 2013. Flooding tolerance:
O2 sensing and survival strategies. Current Opinion
in Plant Biology. 16: 1–7.

Winkel, A., Colmer, T.D., Ismail, A.M. and Pedersen, O.
2013. Internal aeration of paddy field rice (Oryza
sativa) during complete submergence-importance of
light and floodwater O2. New Phytologist. 197: 1193-
1203.

Yoshida, S., Forno, D. A., Cock, S. H. and Gomez, K. A.
1976. Laboratory manual for physiological studies
in Rice. IRRI, Manila, Philippines.


