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Abstract

Global warming triggers complicated heat stresses to crop production on the Earth. Previously, most
breeding programs focus on producing crop tolerate with short-term extreme high temperature stress.
Hence, few recent studies have suggested that the plants adapting to extreme heat stress may be not
always suitable for long-term mild high temperature stress. Therefor we propose challenges in crop
production/ breeding which need to be conquered in the future.

Introduction
Different kinds of high temperature stresses on the earth

As we known that global warming results in happenings of extreme weathers, including
extreme hot weathers. The mean temperatures anneal increase from 1880 to 2000 in general,
especially in the duration of 1961-2000, within which there was significant drop in crop yields
[1], though drop in yields resulted from complexed impacts in combination of temperature
and other kinds of environmental factors.

In the case of temperature itself, the situation is also complicated, because there are
several temperature-related variables, such as the anneal mean temperature, the maximum
temperature, the frequency of extreme high temperature, and the high temperature duration.
In southwest of China, it has been shown that all increase mildly during the period of 1975-
1994, thus these factors increase sharply from 1995 to 2014. Further analysis revealed
that the extreme temperature increases much faster than that of average temperature [2].
Supportively, observation from world-wide range also suggested that in addition to mean
temperature, extreme high temperature days per year increased in most areas around the
world in the past decades [3].

Challenge for crop production in resistant to different high temperature
stresses

Figure 1: Heat-damage of maize plants.
A. Maize plants at vegetative stage,

B. Maize plants at reproductive stage with sterile stamens.
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In our experience there are different biases in research
interests between different researchers. When we talk about global
warming, ecologists are concerned more about the negative impact
of long-term global warming on the stability of ecosystem, whereas
scientists working on plants, including researchers in crop genetics
and breeding, plant physiology and molecular biology, may be
interested more in effects of severe short-term high temperature
stress on crops, because extreme hot weathers happened
occasionally may be disastrous to some crops. For example, there
were 5 days with continuously extreme high temperature excessing
39 °C (from 5% May 2020 to 9 May, 2020) in a city, Baise, which
is located at southwest of China. Consequently, maize plants at
different developmental stages were suffered from significant heat-
damage, with burned young leaves and sterile stamens (Figure 1).

Because of the fact that the disastrous damage of extreme hot
weathers to crop production, in the past breeders may prefer to
select crops that perform better in tolerating short-term extreme
high temperature stress. Thus, to what extent this selection
strategy benefits for crop tolerating complicated high temperature
stress conditions in future is not clear yet. Because there are
studies suggesting that plants may use different mechanisms to
tolerate different kinds of high temperature stresses. In Rice, ‘N22’
was supposed to be a heat tolerant variety, whereas recent studies
found that the trait of heat tolerant from N22 was only performed
at basal heat tolerance. People found this rice variety was more
sensitive to recurred high temperature stress than another rice
variety ‘Nipponbare’, which has been considered to be heat sensitive
variety [4]. More recently, another study demonstrated that the
modern tomato cultivars lose the capacity to tolerate with heat
priming (temperature increasing slowly) because of selection for
genotypes those tolerate severe high temperature stress (sudden
temperature elevation) [5].

These examples bring challenge for breeders who work in
breeding heat-tolerant crops, because varieties with capacity in

tolerating a kind of high temperature stress may be more fragile to
other kinds of high temperature stresses.

Perspective

As global warming is going to continuously impose considerable
impacts on the occurrence of heat events. In the future, to mitigate
the impact of high temperatures to food security, we should continue
to strengthen the basic research of plant response to distinguished
high temperature stresses, uncover molecular mechanisms of
plants in responding to varied high temperature stresses, and
promote the research of heat-tolerant crop breeding in turn. In
addition, targeted planting program should make according to
different high temperature stresses predicted, from selection of

crop species/genotypes to field managements.
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