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reakthrough research by three American agricultur-
al scientists has given new hope to rice farmers in
India and Bangladesh, where several million tons of
rice are lost to flooding every year. The new rice
varieties, one of which is being used in Uttar

Pradesh and Orissa this season, can withstand water submer-
gence for more than two weeks and the yield is much higher
in comparison to varieties that have been popular until now. 

The new varieties were developed by introducing a flood-
resistant gene into normal rice varieties. Researchers introduced
the gene from the low-yielding, submergence-tolerant FR13A
variety found in Orissa to popular Indian varieties Swarna, IR64
and BR11. The U.S. Department of Agriculture honored the sci-
entists involved in the research with the National Research
Initiative Discovery Award in December 2008. 

The scientists—Pamela Ronald of the University of
California, Davis; Julia Bailey-Serres of the University of
California, Riverside; and David J. Mackill of the
International Rice Research Institute, Manila, who was earli-
er a researcher at University of California, Davis—received
nearly $1.45 million from the U.S. Department of
Agriculture to work on this project since 1996.

“I knew that India and Bangladesh were the countries that
had a lot of problems with submergence, so we used the
varieties from these countries to start,” says Mackill, who
had been working on flood tolerant rice since 1982. He dis-
covered, with his graduate student, Kenong Xu, that an
Indian variety had a flood tolerant gene. In 2006, the
American scientists collaborated with the Central Rice
Research Institute at Cuttack and Narendra Dev University
of Agricultural Technology at Faizabad for evaluating the
new varieties. 

“They performed very well. Now, the variety Swarna Sub1
has been approved for release in Uttar Pradesh and Orissa,
and seed production and dissemination is going on this sea-
son with strong support from the Indian government,” says
Mackill. The new varieties were developed through precision
breeding in which the new strain is genetically improved but
not genetically modified. 

How do the new varieties survive long periods under
water? When submerged, rice plants do not get enough car-
bon dioxide and light, and photosynthesis gets disturbed. The
plant tries to grow out of the water but in the process uses up
its energy and dies. “Sub1 encodes a master regulator protein
that coordinates important responses such as cessation of
shoot growth. It also slows down other metabolic processes,
which recommence when flooding is gone,” Ronald
explains. 

This breakthrough can bring huge gains to rice farmers of
eastern India where rice crops are frequently destroyed by
floods. “About 4.4 million hectares of rice cultivation area in

For more information:
Flood tolerant rice: A solution for India?
http://asiasociety.org/business-economics/development/
flood-tolerant-rice-a-solution-india
USDA honors California researchers
http://www.csrees.usda.gov/newsroom/news/2008news/
120511_discovery_award.html
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Julia Bailey-Serres during a trip to Orissa.

Flood Tolerant Rice
By GIRIRAJ AGARWAL

Beginning of another green revolution?
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Millions of Indians lose their property,
hundreds lose their lives, and India loses
billions of rupees in destroyed infra-

structure every year because of floods. The dam-
age could be minimized if the timing and extent
of floods could be predicted ahead of time. A
U.S.-India project on disaster management has
tried to address this issue by helping Indian
agencies develop the capacity to forecast floods.

The U.S. Agency for International Develop-
ment (USAID) provided $7.2 million over a peri-
od of five years, beginning 2003, for a disaster
management support project in India which
included climate forecasting systems. Reducing
the consequences of cyclones and earthquakes
were other elements of the project. 

American and Indian scientists, engineers
and researchers came together to help the Indian
Meteorological Department, National Centre for
Medium Range Weather Forecasting and the
Central Water Commission (CWC) to improve
ways of collecting data and providing early
warnings of floods. The meteorological depart-
ment and the center for forecasting are responsi-
ble for weather forecasts, whereas the Central
Water Commission handles flood forecasting.

“More than 200 scientists and engineers
were trained in the United States on climate and
flood forecasting models, data collection and
analysis techniques, and use of proper soft-
ware,” says N.M. Prusty of the International
Resource Group, the agency which coordinated
the USAID project. The National Oceanic and
Atmospheric Administration, the U.S. Geological
Survey, U.S. Forest Service and Federal
Emergency Management Agency were among

the U.S. partners on the project. 
It focused specifically on the Mahanadi and

Sutlej river basins as demonstration projects to
show what can be achieved once correct infor-
mation is gathered. “The implementation of the
National Weather Service River Forecast System
for the Mahanadi river basin has provided the
CWC with a useful tool for providing their users
with river and flood forecasts,” says Robert W.
Jubach, general manager with the Hydrological
Research Center in San Diego, California. He was
one of the U.S. experts involved in the project. 

“A forecast system was also implemented for
the Sutlej river basin for flash flood alerts and
warnings. The system provides CWC with the
capacity to detect the occurrence of a flash flood
in the basin, calculate its magnitude and propa-

gation speed and then issue appropriate warn-
ings in order to protect lives and infrastructure,”
says Jubach. 

Cloud bursts, failure of debris dams and sud-
den melting of glaciers can lead to floods with-
in a very short time in the Sutlej basin. As flood
waves move at high speed, rapid relay of infor-
mation is vital. 

“The approach of U.S. experts was positive
and models were appropriate. Our people are
now capable of using and issuing forecasts
based on the National Weather Service River
Forecast System,” says N.M. Krishnanunni,
superintending engineer with the Central Water
Commission in Bhubaneswar, Orissa.

Above: B. Manikiam (from left) of the
Indian Space Research Organisation, U.C.
Mohanty of IIT Delhi and Scott Kelly of the
U.S. National Oceanic and Atmospheric
Administration during a training session at
the National Weather Service in Florida.
Right: Rampur, situated in the Sutlej river
basin, faces the risk of flash floods. 
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India are highly flood prone. Another 16.1 million hectares are in
the rain-fed lowland area. New varieties have the potential to
usher in a second green revolution in India by enhancing produc-
tivity in Uttar Pradesh, Bihar, West Bengal, Orissa and Assam,”
says Uma Shankar Singh, South Asia coordinator of the
International Rice Research Institute project on stress tolerant
rice. This project is funded by the Bill and Melinda Gates
Foundation. 

Singh and other scientists, under Mackill’s leadership, are
also working to improve rice productivity in flood, drought and
salinity prone areas. “This project started in March 2008 and

will continue for about 10 years. The first phase will end by
October 2010,” says Singh. He is hopeful that this will increase
rice productivity in India to an additional 23.5 million hectares
in areas that are either saline or drought prone.

Ronald agrees that this is a big achievement in U.S.-India
agricultural cooperation. “Four million tons of rice, enough to
feed 30 million people, is lost to flooding each year in India and
Bangladesh,” she says. She doesn’t see any problems in adoption
of the new varieties by Indian farmers. “The variety is…available
to the public.... There is no difference in quality. Under flooding
though, the new variety yields three- to five-fold more.”

From far left: The popular Indian
rice variety Swarna (left) and its
genetically improved, flood tolerant
version, Swarna Sub1; Asha Ram
Pal, who used Swarna Sub1, at his
submerged field in Faizabad, Uttar
Pradesh; the same field, with lush
crops, after three months. 
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