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Editorial on the Research Topic 

Abiotic Stresses in Agroecology: A Challenge for Whole Plant Physiology 

Abiotic stresses in agroecology are caused by climatic factors (e. g., 

temperature and precipitation extremes), pollutants (e. g., heavy metals, 

gaseous pollutants) and salinity. In the context of global change, climatic 

factors become particularly important. The alarming, progressive alterations 

in climate caused by rising levels of carbon dioxide (CO 2 ) and other 

greenhouse gases in the atmosphere are linked to well-known consequences

of climate change; increase in average global temperature and the melting 

of the polar ice caps ( IPCC, 2014 ). In addition to these global problems, 

increased frequencies and severities of extreme events including heat 

waves, drought periods or waterlogging have significant impacts at local and

regional levels ( Schär et al., 2004 ; IPCC, 2012 ; Kelley et al., 2015 ; Knutti et

al., 2016 ). Such events may strongly influence crop yields and the quality of 

agricultural products. The effects of stresses imposed by these factors 

individually and in combination are relevant in the context of agroecology 

and in developing new agricultural concepts taking into account soil quality, 

biodiversity, sustainability as well as social and economic aspects ( Tomich 

et al., 2011 ; Lai, 2015 ). This Research Topic focuses on the impacts of 

abiotic stress at the whole plant level, the mechanisms involved in the stress

responses and the potential to increase stress tolerance in field crops and 

trees. 

Elevated CO 2 in the atmosphere caused by human activities is the major 

driver for global climate change that affects ambient temperature and 

precipitation patterns on global and regional scales, and water availability in 
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soils as well as the frequency and severity of extreme events ( IPCC, 2012 , 

2014 ). Atmospheric CO 2 may also directly influence primary metabolism 

and thereby plant growth and productivity as reported by Long et al. (2006) ,

Centritto et al. (2011) , Hasegawa et al. (2013) , Haworth et al. , Haworth et 

al. , Martinez-Lüscher et al. Free-air CO 2 enrichment (FACE) facilities have 

been used to establish the impact of elevated CO 2 on the efficiency of 

radiation, water and nitrogen utilization, overall crop yields ( Dugas and 

Pinter, 1994 ; Long et al., 2006 ), and the interactions between sink 

structures ( Hasegawa et al., 2013 ). In this Research Topic, Martinez-Lüscher

et al. investigated interactions between elevated CO 2 levels, ambient 

temperature and water availability in grapevine ( Vitis vinifera L.) phenology 

from bud break to fruit maturation, while Haworth et al. addressed 

interactions between elevated CO 2 , stomatal control and photosynthetic 

performance. Haworth et al. argue that because of the tendency in free-air 

CO 2 (FACE) experiments to publish more of significant results and less of 

nonsignificant results, the meta-analyses of results of such studies might 

lead to overestimation of the physiological impacts of rising CO 2 levels in 

the atmosphere. Therefore while the direction and significance of impacts 

reported in individual studies are not questioned by these considerations (

Haworth et al. ), caution is recommended when extrapolating such findings 

to world-wide productivity, especially as the interactions between 

atmospheric CO 2 levels and other environmental factors (e. g., temperature,

water availability) and the physiological mechanisms behind these 

interactions remain to be further elucidated. 
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Water availability in the soil and water relations of plants are key parameters

predicted to be influenced by global climate change through altered regional

precipitation patterns. This subject was addressed in several papers ( Jian et 

al. ; Kunert et al. ; Martinez-Lüscher et al. ; Polania et al. ; Zarrouk et al. ). 

Drought effects on root architecture and nodule properties in legumes with 

symbiotic nitrogen fixation as well as the possibilities for genetic 

improvements were reviewed by Kunert et al. Extended drought periods not 

only affect the development and physiological functions of roots and 

vegetative shoots, but also influence redistribution of nutrients to pods and 

seeds of maturing beans ( Polania et al. ) or to ripening grape berries (

Zarrouk et al. ). From these reports it is evident that source/sink 

relationships are highly relevant in plants exposed to drought and 

perturbation affects the quantity and quality of yield. Salt stress is an 

important consideration in many regions (especially coastal zones) and while

not directly related to global climatic change, there are some similarities to 

drought stress and interactions with other abiotic stress factors ( Wang et al.,

2003 ; Munns and Tester, 2008 ), for example microRNAs were found to be 

important for the germination of rapeseed ( Brassica napus L.) seeds under 

drought or salt stress ( Jian et al. ). Transport processes across membranes 

are important for subcellular compartmentation (e. g., sequestration into the 

vacuole) as well as for long-distance transport processes (e. g., release into 

the root xylem followed by acropetal transport in the transpiration stream). A

salt-specific mechanism was investigated in soybean ( Glycine max (L.) 

Merr.) by Wei et al. These authors found that a Cl − /H + antiporter ( GmCLC1

https://assignbuster.com/editorial-abiotic-stresses-in-agroecology-a-
challenge-for-whole-plant-physiology/

https://doi.org/10.3389/fpls.2016.01082
https://doi.org/10.3389/fpls.2016.00658
https://doi.org/10.3389/fpls.2016.01640
https://doi.org/10.3389/fpls.2016.00660
https://doi.org/10.3389/fpls.2016.01015
https://doi.org/10.3389/fpls.2016.01640
https://doi.org/10.3389/fpls.2016.00660
https://doi.org/10.3389/fenvs.2016.00048
https://doi.org/10.3389/fpls.2016.01015
https://doi.org/10.3389/fpls.2016.00658
https://doi.org/10.3389/fpls.2016.00658


 Editorial: abiotic stresses in agroecolo... – Paper Example  Page 5

) contributed to salt tolerance and was involved in the retention of Cl − ions 

in the roots and in decreasing the release to the shoot. 

Besides the steady increase in average temperature caused by the elevated 

CO 2 concentration in the air, more frequent and more severe extreme 

events including heat waves and also cold phases have been predicted by 

climate models ( Schär et al., 2004 ; IPCC, 2012 ). Elevated temperature may

influence photosynthetic performance (e. g., via decreased Rubisco activase 

activity as reported by Scafaro et al., 2016 ), stomatal regulation ( Reynolds-

Henne et al., 2010 ; Feller and Vaseva, 2014 ), floret fertility ( Prasad et al. ) 

or ripening berries ( Zarrouk et al. ). These effects, which are all related to 

the source/sink network, have been clearly documented, but the overall 

effects of heat on various plant species and the mechanisms behind these 

effects are not yet well understood. A perspective paper on limitations to 

grassland productivity by low temperature was contributed by Wingler and 

Hennessy to this Research Topic and addresses issues of seasonality, 

breeding and epigenetic changes. The risk for freezing damage in woody 

perennial plants was evaluated in the context of global climate change in an 

opinion paper contributed by Arora and Taulavuori. These authors refer to 

cold acclimation prior to the cold season, dormancy and deacclimation 

(including the risk of premature deacclimation) and discuss physiological 

processes involved as well as their regulation. 

Cytokinin may play an important role in the perception of environmental 

stresses ( Argueso et al., 2009 ). Two papers in this Research topic are 

focused on the role of cytokinin in the response of plants to abiotic stresses (
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Golan et al. ; Paul et al. ). Transgenic Arabidopsis plants characterized by an 

overproduction of cytokinin were found to be less drought-susceptible and to

be more productive under drought than control plants ( Golan et al. ). The 

avoidance of premature senescence in these drought-stressed plants and the

mechanisms involved in the beneficial cytokinin effects were investigated. 

Paul et al. presented good evidence that cytokinin is important for the 

maintenance of meristematic functions in plants subjected to abiotic stress 

and that this protective effect in poplar ( Populus × canescens (Aiton) Sm.) is

important during the summer as well as during winter. 

The response of plants to various abiotic stresses or to combinations of 

stresses is of practical relevance, since environmental disturbances are often

characterized by coincidence of several factors (e. g., drought and elevated 

temperature) ( Wang et al., 2003 ). Responses of plants to various stresses 

and combinations of stresses were addressed in several papers of this 

Research Topic ( Gangadhar et al. ; Martinez-Lüscher et al. ; Zarrouk et al. ). 

Gangadhar et al. characterized the functions of the thermo-tolerance gene 

StnsLTP1 in enhancing the activation of the antioxidant defense system, thus

contributing to tolerance to multiple abiotic stresses in potato. Kopecky et al.

explored the evolution of polyploidy within the fescue [ Festuca pratensis 

subsp. apennina (De Not.) Hegi] species and how this knowledge can 

contribute to improved stress tolerance in Festulolium cultivars to produce 

climate change resilient grasses. As mentioned by these authors as well as 

by others, the elucidation of breeding strategies is a key aspect to support 

farmers in a changing climate with more frequent and more severe extreme 

events ( Humphreys et al., 2014 ). 
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All aspects presented in this Research Topic are relevant in the context of 

the impact of abiotic stress, but not all relevant aspects could be included in 

this Research Topic. The following aspects remain to be addressed or further 

emphasized in the future: 

(a) Additional abiotic stresses not included here (e. g., pollution, unbalanced 

nutrient supply). 

(b) Timing of stress phases (starting time, duration, single phase or multiple 

phases). 

(c) Interplay between various abiotic stresses including the mechanisms 

behind the interactions. 

(d) Further integration of processes at the whole-plant level including 

recovery phases. 

(e) Separation of species-specific and more general effects. 

(f) Identification of key proteins/genes for breeding (potential for 

improvements). 

(g) Biophysical limits of crops to climatic extremes. 
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