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Cross-tolerance – what does it mean? 

• Wikipedia – human physiology / pharmacology 
 

• „Cross-tolerance is a phenomenon that occurs 
when someone who is tolerant to the effects of a 
certain drug also develops a tolerance to another 
drug. It often happens between two drugs with 
similar functions or effects – for example, acting 
on the same cell receptor or affecting the 
transmission of certain neurotransmitters.“ 



Cross-talk x cross-tolerance in plants 

• Multiple stressors, both abiotic 
and biotic, often are 
experienced simultaneously by 
organisms in nature. Responses 
to these stressors may share 
signaling pathways (“cross-
talk”) or protective 
mechanisms (“cross-
tolerance”). 

• review papers 
– Knight H and Knight MR (2001) 

Trends Plant Sci 6: 262-267. 
– Sinclair BJ et al. (2013) 

Integrative and Comparative 
Biology 53: 545-556. 
 

• terminology is not consistent! 



BJ Sinclair et al. (2013) 

• whether cross-talk or cross-tolerance underlie the 
response depends on the relationship among 
multiple stressors 



UV and cross-tolerance 

• only 2 review-papers found 
• Gang Wu et al. (2007) Insights into molecular 

mechanisms of mutual effect between plants 
and the environment. A review. Agron. 
Sustain. Dev. 27, 69-78. 

• Hanna Bandurska et al. (2013) Separate and 
combined responses to water deficit and UV-B 
radiation. Plant Science 213, 98-105. 



Bandurska et al. (2013) - #1 

• water deficit  x  UV-B 
• unique and joint responses to water deficit 

and UV-B radiation 



Bandurska et al. (2013) - #2 

• simplified models of signaling pathways in 
plant response (separately) 



Bandurska et al. (2013) - #3 

• proposed model of 
cross-talk 



Review papers by Carlos Ballaré 

• UV interactions with climate change factors 
• 2 review papers 

– Martyn Caldwell et al. (2003) Photochemical and 
Photobiological Sciences 2, 29-38. 

• terrestrial ecosystems, increased solar ultraviolet 
radiation and interactions with other climate change 
factors 

– C. Ballaré et al. (2011) PPS 10, 226-241. 
• effects of solar ultraviolet radiation on terrestrial 

ecosystems. Patterns, mechanisms, and interactions 
with climate change 



MM Caldwell et al. (2001) - #1 
• major interactions of elevated UV-B with other climate change 

factors  

 
 
 
 
 
 
 

– different trophic levels (in rectangles) 
– processes (in ovals) 



MM Caldwell et al. (2001) - #2 
• UV-B effect on insect herbivory  



CL Ballaré et al. (2011) 

• brief summary of interactions with other climate 
change factors 
– UV + precipitation 
– UV + CO2 + temperature 
– UV + Nitrogen level 

 

• there is little evidence of consistent interactive 
effects 

• effects tended to be species-specific  



Larsen et al. 2011 Global Change Biology 

Interaction of stressors 

• antagonistic effect 
– mutual combination of 

stressors leads to the reduction 
of plant response  

 
• synergistic effect 

– combination of stressors lead 
to the amplification of stress 
response or the response is 
observed only under the 
multiple-stress condition 

 
• additive effect 

– two individual stressors with 
significant effect do not have 
significant interaction 

Pozorované signifikantní 
interakce (P ≤ 0,05) z 
analýzy 47 testovaných  
odpovědí jednotlivých 
sledovaných parametrů 
 
CO2 x teplota x srážky 



Graphical summarization 

• how many case studies was already done 
• what type of interaction prevails 

 
• UV x CO2 
• UV x drought 
• UV x temperature 
• UV x mineral (nitrogen) supply 
• UV x photooxidative stress (high radiation stress) 
• UV x biotic stress 

 



Potential difficulties or  
Sources of variability in results 

• hierarchical levels 
– is the interaction same at different hierarchical level 

(e.g. flavonoid accumulation x morphogenesis) ? 
 

• different time scales 
– short- versus long-term effects 

 
• species-specific effects  

– plant functional groups 
 



WoS search 

• (UV OR ultraviolet radiation) AND plant* AND 
(cross*talk OR cross*tolerance) 
 

• about 45 findings 
• 21 are relevant 
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