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Abstract Temperature stress is considered to be one of the most important stresses to which plants are 
exposed to under natural conditions. Numerous studies worldwide have been carried in this regard and 
the findings have proposed the exogenous application of various protective biomolecules for the 
amelioration of temperature stress. In additional to well established conventional osmoprotective 
biomolecules, now some non-conventional biomolecules are also being implicated in temperature 
tolerance. 
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Introduction 

Plants being sessile, cannot escape the various abiotic and biotic stresses under natural conditions. Temperature 
stress, in particular has been found to be having far-reaching effects on normal growth and development of 
plants. Thus, a no. of plant osmolytes and protective biomolecules such as proline have traditionally been used 
to alleviate the harmful effects of temperature stress. However, over the past few years, there has been a shift in 
the approach in this regard and many new biomolecules are also being employed for stress mitigation. So 
hereby, this article proposes the exogenous application of unconventional molecules such as Abscisic acid, 
Jasmonates , Trehalose  and Nitric oxide for temperature stress mitigation. 

Abscisic Acid (ABA) 

ABA is an established plant stress messenger being capable of regulating water status. Thus, upon its exogenous 
supplementation, it has been found capable of conferring temperature stress tolerance as well in numerous plants 
(Table 1) when supplied alone (Bakht et al. 2006) or in collaboration with other biomolecules like salicylic acid 
(Szalai et al. 2011) thereby corroborating its role as an important alternative temperature stress  protectant. 

Jasmonates 

Jasmonates, a class of plant hormones, have been proposed to play an important role in numerous plant 
processes. In association with salicylic acid, its exogenous application confers thermotolerance in Arabidopsis 
Clarke et al. (2004) and heat stress protection in grapes (Qin and Lin 2006). These reports were in corroboration 
with similar reports by Creelman and Mullet (1997) proposing the role of exogenously applied Methyl 
jasmonate in reducing membrane damage in heat stressed Arabidopsis. 

Salicylic Acid (SA) 

Salicylic acid is an important plant hormone playing diverse regulatory roles, especially ion biotic stress. 
However, it has recently been proposed to be protective against harmful effects of temperature stress as well, as 
proved by numerous studies worldwide (Larkindale and Huang 2004; Chakraborty and Tongden 2005). 
Exogenous application of SA provided heat tolerance to Agrostis stolonifera (Larkindale and Huang 2004), 
chickpea (Chakraborty and Tongden 2005). Aditionally, many reports of cold stress alleviation by SA have been 
reported in plants like bean (Senaratna et al. 2000),maize, cucumber and rice plants (Kang and Saltveit 2002), 
rice and wheat (Szalai et al. 2002,Tasgin et al. 2003),banana (Kang et al. 2003) etc. 

Trehalose 

Trehalose is a disaccharide with prominent role in drought, freezing and salinity stresses (Karim et al. 2007; 
Lopez et al. 2008). Sucrose being the major transport sugar in plants, trehalose doesn’t accumulate in significant 
amounts and thus its role in plant metabolism couldn’t be established earlier. Hence the discovery of its 
biosynthesis genes is also relatively new (Schleupmann and Paul 2009). Numerous studies have suggested the 
role of Trehalose in temperature stress protection (Table 1). 
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Table 1: Summary of exogenous supplementation of  proposed biomolecules and the stress mitigated. 

PLANT EXOGENOUS 
BIOMOLECULE 
APPLIED 

STRESS 
MITIGATED 

REFERENCE 

Alfalfa ABA Freezing Mohapatra et al. 1988 
Arabidopsis, Maize ABA Freezing Xin and Li 1992 
Wheat ABA Freezing Dallaire et al.1994 
Arabidopsis ABA Freezing Mäntylä  et al. 1995 
Mustard ABA Heat Chhabra  et  al.  2009 
Chickpea ABA Heat Kumar et al. 2012 
Maize ABA Heat Gong et al. 1998 
Grapes ABA Heat Abass  and  Rajasekhar  1993 
Barley ABA Heat Ivanov et al. 1992 
Arabidopsis JA Heat Clarke et al. 2004 
Grapes JA Heat Qin and Lin 2006 
Rice, Wheat SA Cold Szalai et al. 2002  

Tasgin et al. 2003 
Bean SA Cold Senaratna et al. 2000  
Banana SA Cold Kang et al. 2003 
Mustard SA Heat Dat et al. 1998  
Potato SA Heat Lopez-Delgado et al. 1998  
Creeping bentgrass SA Heat Larkindale and Huang 2004 
Chickpea SA Heat Chakraborty and Tongden 2005  
Arabidopsis Trehalose Cold Hanhong et al. 2005  
Barley Trehalose Cold Muller et al. 2000 
Rhodotorula Yeast Trehalose Cold Li et al. 2008 
Winter wheat Trehalose Cold Luo et al. 2010 
Faba beans Trehalose Heat Gao et al.  2013 

Conclusions 

Thus, Abscisic acid, Jasmonates, Trehalose and Nitric oxide are potent osmoprotectantants and hence can be 
exploited as effective heat and cold stress protectants. However, these biomolecules don’t accumulate in 
considerable amounts in higher plants, thus can be exogenously applied to the plants or additionally, plants may 
be genetically modified. Transgenics over-expressing the biosynthesis genes for these bomolecules were found 
to be tolerant to temperature stresses thereby further corroborating their role in  temperature stress tolerance. 
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