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Prospects of improving flooding tolerance in
lowland rice varieties by conventional breeding

and genetic engineering

H. K. Mohanty, §. Mallik and Anil Grover*

Flooding is a recurrent phenomenon in several lowland rice-growing areas in India and else-
where. Even though rice s « reasonably flooding-tolerant crop, the annual loss incurred by farim-
ers due to floods is large. There are excellent traditional rice types with high level flooding
tolerance. Combining high level flooding tolerance to high grain yield through conventional
breeding has been successful to a limited extent so far but there are enormous opportunities for
the same. There are also hopes that flooding tolerance can be genetically engineered in rice using
a transgenic approach. We take a look on the prospects for improvement of rice to flooding stress
through conventional breeding and through plant genetic engineering.

RICE is the most important food crop in the world con-
sumed by nearly 3 billion people almost daily. Nearly
256 of the world’s rice (1.e. 38 milhion hectares) 18 cul-
tivated in the rainfed lowland ccosystem. However, the
produce from rainfed lowland ecosystem accounts for
only 17% of the global rice supply. Figure 1 shows dis-
tribution paticrn of lowland rice arcas in South and
South-east Asia. India has the largest arca (1.e. 17.2
million hectares) under rainfed lowland amongst the
South-east Asian countries'. About 75% of the world
lowland rice is in the belt across Eastern India, Bangla-
desh, Myanmar and Thailand.

Submergence due to tlash-{loods 1s the key lactor
limiting yield of lowland rices. Widawsky and O’ Toole?
showed that out of 42 biotic and abiotic stresses which
prevail in rainfed lowland rice areas of Eastern India,
submergence stress is the third most important Iimitation
to rice production (surpassed by drought and weeds).
Flash-floods are highly unpredictable and may occur at
any growth stage of the rice crop and the yield loss may
be anywhere between less than 10 and 10(0% depending
on factors such as waler depth, duration of submergence,
temperature, turbidity of water, rate of nitrogen fertiliza-
tion, light intensity and age of the crop’. Gases diffuse
10,000 times slower in water than in air'. Hence growth
and survival during submergence of rice 1s aflected by
partial (hypoxia) or complete loss (anoxia) of O,. Re-
duced supply of O, and CO; as well as reduced C-H, dif-
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fusion limit respiratory activities, photosynthesis and have
a negative timpact on elongation and growth of rice plants.

Rice plants respond to flooding stress through (a)
clongation ability by which varteties 1n situation of
stagnant or deep water ftlooding (water depth 60-
100 ¢cm) avoid complete submergence through elonga-
tion of leaf sheath, lcaf lamina and 1nternode leading to
emergence of the plant above the rising flood walcr
levels, and (b) submergence tolerance by which certain
rice varicties survive submergence of {0 days or more
particularly tn shallow water [water depth up to 40 ¢m
(as per the classification followed 1n India) up to 50 ¢m
(as per the classification followed at the International
Rice Research Institute (IRRI)); water depths mentioned
are approximations as it Is stil a debatable issue]
through metabolic adjustments. The latter situation pre-
vails particularly in lowland ecosystems. Is it possible to
change the genetic make-up of rice plant by conven-
tional breeding and by genetic enginecring to make it
more tolerant to flooding stress? We discuss this theme
In the present review,

Improvement of submergence tolerance through
conventional breeding approach

Rice c¢crop in lowland areas 1s invariably subjected to
tflooding stress continuously for varied periods., The
traditional rice varicties have evolved suitable mecha-
nism(s) to survive under this stress. Systematic screen-
ing of rice germplasm has shown that there are excellent
flood-tolerant rice types locally avatlable. Among these
are especially the ‘FRI3A’ and ‘FR43B’ of India,
‘Kurkaruppan® of Sri Lanka and ‘Goda Heenati® of
Indonesia. The comparative performance of ‘FRI13A’,
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Figure 1. Predominant rainfed lowland rice areas and proposed rainfed lowland key sites in South and South-cast Asia (from

IRRI 1992 - rainfed lowland rice rescarch consortium).

‘FR43B’ and several other rice types is shown in a field
experiment’ in Figure 2. Detailed study on such con-
trasting rice types has indicated that flooding tolerance
is controlled by one or a few genes with major effects
and additional genes with smaller, modifying effccts®.
However, the traditional Jowland rice varieties are
lodging-prone because of their tall stature. Further,
these varieties are susceptible to diseases and inscct
pests. Such varieties are unsuitable for large-scale culti-
vation. It is therefore an attractive research proposition
to transfer submergence tolerance from traditional culti-
vars into more productive modern varieties.

One of us (H.K.M.) took up this challenge in the carly
eightics and isotated a number of promising breeding
lines with good plant type and submergence tolerance
such as ‘IR 26702-25-3" (‘FRI3A’ source) and ‘IR
31406-333-1" (‘Kurkaruppan’ source)’. Subsequent
breeding efforts at IRRI led to evolution of tolerant lines
with good agronomic traits. The line 'IR 49830-7-2-2'
combines high tolerance levels with higher yicld poten-
Ual and resistance to discases and insect pests and it has
been extensively used as a donor parent in the breeding
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programme. ‘Sudhir’ 1s another varicty which has been
developed from the ‘FRI3A’ X ‘Biraj’ crosses®. This
variety has been released by the ‘Central Variety Re-
lease Committee, Indian Council of Agricultural Re-
search, Government of India’ in 1999.

In spite of the above developments, till date no variety
has been developed which combines desirable levels of
flooding tolerance with grain yield. It 1s attributed to the
fact that ‘FR 13A' 1s a poor combiner for yield and
other agronomic traits. Apart from ‘FR 13A*, ‘BKNIER
76106-16-0-1-0" and ‘Kurkaruppan’ have major domi-
nant gene for submergence tolcrance. Flooding tolerant
rice ‘Goda Heenati’ apparently does not have the same
submergence tolerance gene., This fact offers hope tor
pooling diverse genes for submergence tolerance (o in-
crease tolerance even above what we have at present, It
has been suggested that there are at least chree subimer-
gence tolerance genes m ‘IFRI3A’, ‘Kurkaruppan® and
‘Goda Heenati’. Further, though "FRI3A’ is considered
(o be an excellent source of submergence tolerance spe-
clally at youny seedhing stage (10 days), 'CN 540
(Suresh)’ iy found to be more resistant than *FRI3A’ at
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