
The level of freezing tolerance in temperate perennial plants follows an annual cycle, 

determined largely by cold acclimation in autumn and deacclimation in spring. Cold 

acclimation is the exposure to low, nonfreezing tempera- tures, usually in autumn, which 

induces transcriptional, morphological and physiological changes resulting in the acquisition 

of freezing tolerance [1,2]. Freezing tolerance is generally at its peak in mid-winter and drops 

gradually towards spring. Upon exposure to warmer temperatures in spring, plants deacclimate 

and lose freezing tolerance. However, this can occur too early in spring or in response to warm 

spells in mid-winter, when there is still a risk of freezing temperatures [3,4]. Under some 

conditions, plants have the ability to reacclimate if temperatures drop again. Cold acclimation, 

deacclimation and reaccli- mation are highly complex processes, and although tem- perature is 

the main driving force in many species, such as Arabidopsis thaliana and temperate grasses, 

other environ- mental and physiological factors like light, carbohydrate reserves and 

metabolism, drought, flooding, nutrient sta- tus and atmospheric CO2 concentration, are 

interacting with temperature and are influencing these processes [4]. In particular, light 

conditions have important functions in coordinating freezing tolerance with growth and the 

sea- sonal variation in temperature. 

 

The climate change projections predict that the growing seasons will be warmer and longer, 

especially at higher latitudes. This will affect cold acclimation, which will take place later in 

the autumn under shorter photoperiods and at lower light intensities [4]. The temperature is 

also predicted to become more variable. This will increase the frequency of warm spells during 

winter leading to more frequent acclimation and deacclimation cycles [3,4]. As an example, it 

has been demonstrated that deacclimation, measured as loss of freezing tolerance (LT50), was 

less in timothy (Phleum pratense L.) than in perennial ryegrass (Lolium perenne L.), and that 

the loss of freezing tolerance increased with increasing deacclimation temperatures (3, 9 or 12 

8C during 9 days) [5]. Deacclimation was most rapid in the most winter-hardy cultivar, which 

obtained the highest initial freezing tolerance. 

 

In this review, we mainly focus on recent studies of low temperature responses in temperate 

grass species, with additional examples from dicots (perennial legumes and A. thaliana) when 

relevant. We will discuss: (1) interactions between temperature and light on the development 

of freezing tolerance; (2) interactions between vernalization and photoperiod on deacclimation 

and the ability to reac- climate; and (3) summarize studies of transcriptomic, proteomic and 

metabolomic responses to low temperature and release of low temperature. For the gene 

nomenclature of the main genes discussed in this review, see Table 1. 


