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Abstract

Environmental stresses posed threats to rice production. Rice has evolved different strategies to tolerate
different stresses by employing different genes. Thus, extreme weathers happened more and more
frequently in the past decades, which make it difficult to deal with unexpected and/or mix stresses in
rice production. This will subsequently cause more significant loss in rice productions, since there is not
an elite rice variety that tolerates multiple stresses until now. So, researchers need to find solutions to
compete the complicated challenge resulting from such extreme weathers.
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Different kinds of stresses threat the rice production
More than 30% of the world’s rice growing regions are affected by severe drought stress
[1]. Continuous elevation of global average temperature makes more rice planting lands
in Asia exposed to risk of heat and drought in the past decades [2]. Drought stress led to
reduction of leaf area, the reduction of tillers, leaf dehydration and curling. The sensitivity
of rice to drought stress varies between different stages, and the reproductive stage is most
sensitive to drought stress. The development of reproductive organs, grain yields and quality
of rice will be significantly affected by drought stress. Soil salinization is becoming more and
more serious under the influence of many factors such as industrial pollution, drought, high
temperature and unreasonable irrigation behavior. Salt stress affects mainly rice through
two aspects: osmotic effect and ion toxicity. The water potential in saline soil could be lower
than that of plant cells, then inducing water flows from the plants to soils and subsequently
resulting in physiological dehydration and even death of the plants. Moreover, Na+ would be
extensively accumulated in the plant cells if it absorbed saline water from soils, which would
also lead to the exclusion of some nutrients, finally resulting in nutritional disorders and Na+
toxicity. At reproductive stage of rice, salt stress reduces the pollen viability, seed setting and
consequently the yield decrease [3]. Flooding stress is also called as submergence. Although
rice is a semi-aquatic plant, it is also difficult to grow and develop healthily under long-term of
submerging, which could be found frequently in South and Southeast Asian countries, such as
China and India. Similarly, rice is most sensitive to flooding stress at reproductive stage, which
may cause significant reduction of grain yields and quality of rice. Furthermore, the suffered
plants could be hardly recovered even if the flooding conditions were released after several
days [4]. One of our experiments demonstrated that different environmental stresses induced
varied damages in rice seedlings (Figure 1). In addition, diseases and insect pests, hot waves,
unexpected cold weather and typhoons in coastal areas would also pose severe losses to rice
production frequently [5].
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Figure 1: Salt and flooding stresses caused different damages on rice seedlings.
A. Salt stress induced leaves wilting.
B. Flooding stress induced chlorosis symptom on leaves.

Some rice variants tolerate single stress
As we known that many elite rice varieties are sensitive to
undesirable conditions, while there are some rice variants have
evolved the ability to tolerate specific stress. For instance, two
rice varieties ‘Pokkali’ and ‘Nano Bokra’ tolerate salt stress with
different mechanisms. Some other rice varieties tolerate flooding
stress. ‘FR13A’ reduces energy consumption by inhibiting the
elongation of leaves and stems to survive under continuous
submerging conditions. This activity is regulated by SUB1 gene
[6]. On the contrary, the deep-water rice ‘C9285’ promotes
elongation of some leaves to the water surface, consequently,
carries out photosynthesis to provide carbohydrates and energy
for plant growth. This strategy is majorly regulated by two AP2 /
ERF DNA binding proteins, SNORKEL1 (SK1) and SK2 [7]. Other
studies demonstrated that different rice varieties tolerate either
salt or drought or heat stress [8], which could be attributed to
their evolvement during long adaptation to a special environment.
Planting rice variant tolerates special environmental stress could to
a certain extend reduce the loss caused by stress in rice production.
However, the rice variant tolerates multiple stresses has been not
yet found until now.

Extreme weathers brought unpredictable threats to rice
production

Extreme weathers include extreme high temperature and low
temperature, drought and flood, which happen more and more
frequently but still unpredictable in the past 40 years. It has been
reported that the year 2020 was the hottest year recorded in Asia,
correspondingly, the sea level rose more in Asia than other areas.
These observations indicated that the novel and mix of heat and salt
stresses posed the rice production to Asia [9]. Similarly, the United
Nations Intergovernmental Panel on Climate Change (IPCC) noted
that extreme climate events occur frequently around the world and
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are causing dangerous and widespread damage to nature [10]. More
frequent heat waves, floods and droughts have exceeded the limits
of some crops, and have also produced a series of unmanageable
impacts, which have led to water and food crises for millions of
people in Africa and Asia. What is worse, the climate change would
become more intensive in more regions in the coming decades.

Extreme weathers all around different regions on the Earth
will bring novel and more complicated threats to rice production,
in addition to those posed from the original stress in a region.
The traditional planted rice varieties in a specific region will not
tolerate the ‘novel’ stress posed by unexpected extreme weathers.
But we don’t have multiple-tolerance rice to defeat these natural
battles until now.

Perspective

In summary, extreme weathers imposed novel and mixed
stresses to a rice planting area, which bring rice production
more challenges. For food security of human being, we have to
find solutions to buffer the impact of extreme weathers on rice
productions. The authors have two suggestions for it. The first is
change the crops planted based on precise weather prediction.
Improve the weather prediction system, growth different tolerant
rice varieties, or other tolerant crop to replace sensitive elite rice
varieties, for example, planting sorghum and corn maize instead
for rice in drought areas. Second, generate multiple-tolerance rice,
which is really an important but difficult mission for rice breeders.
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