
 

Climate adaptation of rice

July 13 2011

Rice – which provides nearly half the daily calories for the world's
population – could become adapted to climate change and some
catastrophic events by colonizing its seeds or plants with the spores of
tiny naturally occurring fungi, just-published U.S. Geological Survey-led
research shows.

In an effort to explore ways to increase the adaptability of rice to
climatic scourges such as tsunamis and tidal surges that have already led
to rice shortages, USGS researchers and their colleagues colonized two
commercial varieties of rice with the spores of fungi that exist naturally
within native coastal (salt-tolerant) and geothermal (heat-tolerant) plants.

The experiments were "quite successful," said author and Seattle-based
USGS researcher Rusty Rodriguez, Ph.D. The rice plants thrived,
achieving notable increased tolerance to cold, salt and drought, even
though the rice varieties they tested were not naturally adapted to these
stressors. Conferring heat tolerance to rice is the next step for the
research team since rice production decreases by 10 percent for every
temperature increase of 1-degree centigrade during the rice-growing
season.

"This is an exciting breakthrough," Rodriguez said. "The ability of these
fungi to colonize and confer stress tolerance, as well as increased seed
yields and root systems in rice – a genetically unrelated plant species
from the native plants from which the fungi were isolated -- suggests
that the fungi may be useful in adapting plants to drought, salt and
temperature stressors predicted to worsen in future years due to climate
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change."

In fact, said Rodriguez, using these tiny fungi – called endophytes – is
one of the only real strategies available for mitigating the effects of
climate change on plants in natural and agricultural ecosystems. "We
have named this emerging area of research "symbiogenics" for symbiosis-
altered gene expression. The DNA of the rice plant itself, however, is
not changed," Rodriguez added. "Instead, we are re-creating what
normally happens in nature. And with rice yields projected to decrease
by 15 percent in developing countries by 2050, such strategies are
needed."

The way it works is this. All plants seem to have symbiotic endophytes –
microscopic fungi or bacteria – living in them that do not cause disease
in the plant. The kind of endophytes that Rodriguez and his colleagues
examined are all mutualistic, meaning the plant and the fungi have a
close and positive relationship that bestows benefits on both partners:
stress tolerance for the plant, nutrients and a lack of competition for the
fungus.

The scientists took fungal endophytes from dunegrass, a species exposed
to seawater and therefore salt-tolerant, and colonized the rice plants and
seeds with its fungal spores, which germinated and infiltrated the plant's
tissue. The results, said Rodriguez, were dramatic: the endophytes
reduced water consumption of the plant by up to one half, and increased
its growth, the number of seeds it produced, and how much it weighed
by as much as 50 percent.

"Conventional thinking was that the dunegrass is salt tolerant because of
genetic adaptations that occurred over time (the process of Darwinian
evolution), but we found that when we removed the fungus from
dunegrass, the plants were no longer salt tolerant," Rodriguez said. "This
means that plants in natural habitats may not be adapting themselves
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genetically to the stress, but instead are establishing a beneficial
partnership with a fungus that makes them more salt tolerant."

During the last 40 years of climate change, the authors pointed out, the
minimum air temperature in rice-growing season has increased in China
and the Philippines, resulting in a substantial decrease in rice yields
there, decreases predicted to continue. "Collectively, these events, along
with an increasing world population, have contributed to shortages and
increased prices of rice, exacerbating hunger and famine issues
globally."

The authors emphasized that even though it may be possible to
compensate for some of the effects of climate change by incorporating,
say, earlier-producing varieties of rice into agricultural practices, the
adaptive capabilities of rice will be what ultimately determines how
severely climate change affects the annual yield of rice.

  More information: The research, Increased Fitness of Rice Plants to
Abiotic Stress via Habitat Adapted Symbiosis: A Strategy for Mitigating
Impacts of Climate Change, was published in PLoS One, and is available
at this url: dx.plos.org/10.1371/journal.pone.0014823
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