Winter wheat response to spring frost and their ﬁ,’,
implications on future breeding goals E‘L)

Marcin Rapacz®, Barbara Jurczyk, Magdalena Wajcik-lagta,
University of Agriculture in Krakow, Plant Breeding, Physiology and 5eed Science
*email: marcin.rapacz@urk.edu.pl

Introduction

With the increasingly noticeable warming of the global climate, it might seem that the problem of winterhardiness will lose its importance,
However, this is a misconception - although some of the factors impairing overwintering, such as extremely cold winter temperatures, will
disappear, new ones will appear. Various models of future dimate warming predict higher average temperatures duning the winter, which
will likely resuit in early start of spring vegetation. As a consequence, winter plants will be exposed to spring frosts (which, according to
modets, will still occur) not only after de-acciimation but also i the generative phase of development, which can be a significant cause of
yield reducton.

Plant Material and Methods
The expenments were performed n 2021 and 2022. Each year 100 winter wheat accessions from Polish breeding companies were grown)
in pots in the field. Half of the plants were exposed to controlled spring frost in the beginning of heading (BBCHS1, Hack et al. 1882). The|
freezing was apofied in three consecutive cycles: the pots were transfermed around 12:00 PM to a freezing chamber at +5°C. Then, at 2:00
AM, the termperature started to decrease to -5°C (2027} or 4°C (2022) at a rate of 3°C per 1h. At 7:00 AM, the temperature was raisad o)
5°C also at a rate of 3°Ch. After repeating the cycle three times, the plants were moved from the vegetation chamber to field conditions in
the evening. For the control vanant, plants were moved at the same time to 3 vegetation chamber with 3 temperaturs of 5°C and put to
feld conditons together with the plants after freezing. In the preliminary study performed on three randomily chosen accession differe
freezing schemes were applied at three growth stages as indicated in Fig. 1.

Freszing tolerance was assessed as the decrease in seed yield relative to control plants. Afier the end of vegetation, the stems and eal
were counted, manually treshed and dleaned with a blower. Then, the kemels were counted and weisghed. The weight of 1,000 grain
(TGW), the number of grains per ear, the density of ears per m* and the grain yeld in tha were calculated. For the selection of toleral
plants purpose two different approches are used as shown in Fig. 3 and 4.
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caused meversible damage to the spikslets, and the|
growth of extra stems and spikes was observed, which
was however not effective for maintaining yield stabiity|
{Fig. 2, Table 1). In 2021, when the freezing temperature
was lower, the decrease i grain weight was also noted.
Freezing tolerance at the generative stage vanes betwesn
accessions offering prospects for conducting  effective|
selection of breeding materals (Fig. 3 and 4, Table 2).
The diferent compensatory regrowth response was also|
observed between accessions.
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Conclusions

Spring frosts in generative stage can markedly

decrease yielding of winter common wheat
(T. aesivum).

» The selection of tolerant varieties is possible.

- Selection should be based on both mantaining yield
stability and avoiding compensatory regrowth.
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Introduction

There are two types of cold de-accimation, with potentially diffierent genetic and physiclogical backgrounds: 1) "Passive” de-acciimats
independent of environmental conditions - the highest level of frost resistance occurs in most plants in the middle of winter and from

on frost resistance gradually decreases. This may be related to the onset of generative development or to the consumption of
materials accumulated by plants before winter. 2) “Active” de-accimation - plants de-acclimate as a result of higher temperatures, such
during warm termperature episodes in winber.

In this study a response to passive (spring) de-acclimation and subsequent spring frost was studied in two-years semi-controfied
expenment in 200 winter barey accessions.

Plant Material and Methods
The experiment was performed in two years: 2021 and 2022 Each year 100 winter barley accessions obtained from fowr Polish breeding
COmpanies were grown in pots in the field. Half of the plants were exposed to controlled spring frost in the beginning of heading (phase
BECHS1, Hack et al. 1892). The freezing was applied in fwee consecutive cycles: the pots were transfemed around 12:00 to a freezing
chamber at +5°C. Then, at 2:00 a.m., the temperature started to decrease to 4°C (2021) or -5°C (2022} at a rate of 3°C per 1h. At 7:00,
[the temperature was rased fo 5°C also at a rate of 3°Ch. After repeating the cycle three times, the plants were moved from the
lvegetation chamber to field conditions in the evening. For the control vanant, plants were moved at the same time to a vegetation
chamiber with a termperature of 5°C. They were moved to field conditions at the same time as the frozen vanant. Frost tolerance was
assessed as the decrease in seed yield relative to control plants. After the end of vepetation, the ears were counted and manually|
reshed, and cleaned with 3 blower. Then, the kemels were counted, and then weighed. The weight of 1,000 kemels, the rumber of|
grains per ear, the density of blades and ears per m*, and the grain yield in tha were calculated. The selection of tolerant accessions was
based on two different strategies. each usad in different year of the study (Fig. 3 and 4).
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Results and discussion
The results confirm the serious problems that can be
associated with the effects of spring frost affecting
cereals at the generatwe growth phase. The study
indicated up to 25-30% yield loss in winter barley (Table
1). Bardey at frost temperatures higher than critical
(causing a decrease in yield) reduces tibering, and
deformation of ears s observed (Fig. 1), but these
disadvantages are compensated for by increasing the
number of kemels per ear (at the expense of ther
[weight). As a result, yield losses may be insignificant,
(year 2021, Table 1). If, on the other hand, the spikelets
are damaged, the plants compensate for the damage
by forming additional shoots. However, this sirategy is
not agniculturally advantageous, as the newly formed
ears mature later than those that were present on the
plant at the time of the frost (Fig. 21
The direct implication of the observed immense role of
growth compensation in bareys reaction to spring frost
msﬂuwinﬁlmimmmmmmm
erant accessions was based on yield in 2021 (Fig. 3),
and on multidimentional principal component analysis
(PCA) in 2022 (Fig. 4. Table 2). In both cases the
accessions grouped in the upper nght quarter of the
graph are considersd the most folerant to spring frost
(Fig- 3 and 4).
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Conclusions

1. Spring frost can lead to significant yield loss in winter barey.

2 Spring frost tolerance at the generative stage (passive de-acdimation tolerance) is genotypically diverse in the studied species.

3. The selection of spring frost-tolerant winter barley lines should be aimed at lines showing a low yield loss after a frost event with a low
level of growth compensation.
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