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Abstract 

 

Potato is a cool season crop with an optimal growth temperature between 17 and 21ºC, and it also very sensitive to 

drought stress. All climate scenarios indicate that the global climate is changing and will continue to change in the near 

future. The main challenges from climate change to agriculture and food production are the more frequent and severe 

drought and floods as well as adverse effects of high growth temperatures. The total global yield in the regions currently 

cropped with potato was calculated to decline up to 32% without adaptation to climate change. The breeding of heat and 

drought tolerant potato cultivars is one of the most feasible and practical approaches to cope with global warming. 

However, breeders are generally focused on development of heat or drought tolerant potato cultivars instead of dual 

tolerance to both stresses. Previous studies indicate that tolerance mechanism for heat and drought is different in potato. 

Screening of many breeding lines against heat and drought stress under field conditions during early generations is not 

feasible for many breeding programs due to high cost and labor requirements. Therefore, rapid and reliable screening 

methods are needed to evaluate large populations in early generations. Biotechnological tools offer some advantages to 

breeders for screening large populations especially against biological stress factors, but no sound achievements obtained 

for abiotic stress factors in potato up to now. Currently our research group has several projects to develop novel 

screening tools to identify heat and drought tolerant genotypes. 
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The potato (Solanum tuberosum L.) is a 

world crop growing in around 160 countries from 

sea level to 4000 m altitude and between the 50 S 

and 40 N latitudes. It is the fourth most produced 

food crop, and the first non-cereal crop in the 

world with an annual production of 385 x 10
6
 t 

(Anonymous, 2016).  

Although it has a wide adaptation area, 

potato is a very sensitive to environmental stresses 

such as drought, heat, and salinity (Kikuchi et al, 

2015). The majority of the annual world potato 

production is contributed by developing countries, 

where it is cultivated in marginal areas prone to 

environmental anomalies. Therefore, development 

of tolerant potato cultivar to harsh environmental 

conditions is very important for sustainable food 

production in less developed countries. In addition, 

sustainability of potato production has also been 

threatening by the global climate change in the 

most of traditional production regions in temperate 

zones. 

All climate scenarios indicated that global 

climatic patterns are being greatly altered due to 

increasing atmospheric CO2 concentrations. The 

Intergovernmental Panel on Climate Change 

(IPCC) reports that global mean temperatures 

increased 0.045ºCper decade during the last 150 

years while it has increased almost four times more 

(0.177C) during last three decades (Anonymous, 

2007). It is expected that the global temperature 

will increase 1.1-6.4ºCdepending on regions until 

end of this century (Anonymous, 2007). The 

increases in temperature are associated with 

extreme variations in weather patterns, resulting in 

fluctuations in rainfall regimes (severe droughts or 

heavy rains), and/or atypically heat waves (Rötter, 

van de Geijn, 1999). Therefore, breeders have to 

consider effects of multiple stress factors when 

they aimed to develop crop cultivars adapted to 

climate change. 

In this paper, it was discussed the effects 

heat and drought stress on potato crops, and 

breeding strategies to develop climate resilient 

potato cultivars.  

 

EFFECTS OF DROUGHT STRESS 

 

Actually, water use efficiency of potato is 

higher than many other important food crops such 

as wheat, maize, rice, etc. Potato produces 5600 
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kcal dietary energy with per m
3
 of water applied 

while maize, wheat and rice produces only 3860, 

2300 and 2000 kcal using same amount of water, 

respectively (Renault, Wallender, 2000). However, 

potato is more sensitive to water deficiency due to 

shallow root system (Iwama, 2008). Drought stress 

negatively affects plant growth, tuber yield and 

quality in different magnitude depending on the 

timing, duration and severity of the stress 

(Monneveux et al, 2013). Tuber initiation and 

bulking stages are the most sensitive stages to 

water deficiency, and both number and size of 

tubers significantly reduces due to inadequate 

water supply during these stages (MacKerron, 

Jefferies, 1986). Transient drought during tuber 

bulking also lead to secondary growth (dumbbell-

shaped, knobby, or pointed-end tubers) 

(MacKerron, Jefferies, 1986). Growth, yield and 

quality responses of potato cultivars to drought 

stress significantly differ (MacKerron, Jefferies, 

1986; Cabello et al, 2012; Stark et al, 2013; Banik 

et al, 2016). 

Potato is grown as rainfed crop without 

irrigation in some countries in temperate regions 

while irrigation is essential in the most countries 

especially in sub-tropical and tropical regions. A 

fluctuation in rainfall regime or transient drought 

periods due to climate change significantly threats 

the potato production in rainfed production 

regions. On the other side, potatoes are irrigated up 

to twenty times using 700-900 mm water in some 

countries, i.e. Turkey. This results in depletion of 

ground water level and increase in production cost. 

Hence improving water use efficiency of potato 

cultivars is very crucial for sustainability of potato 

production in both types of environments. 

 

EFFECTS OF HEAT STRESS 

 

The potato is a cool season crop with an 

optimal growth temperature between 17 and 21ºC 

(Levy, Veilleux, 2007). The higher temperatures 

than the optimum significantly affect several 

physiological processes related with yield and 

quality such as haulm growth, dry matter 

production and partitioning, tuber initiation and 

growth, photosynthetic rate, synthesis of 

hormones, enzymes and other metabolites (Levy, 

Veilleux, 2007). Supra-optimal temperatures 

significantly reduce canopy leaf area index, canopy 

photosynthesis (Fleisher et al, 2006; Timlin et al, 

2006), tuber initiation and tuber growth (Struik et 

al, 1989; van Dam et al, 1996), and internal and 

external quality of tubers (Sterret et al, 1991; Lafta 

and Lorenzen, 1995; Rykaczewska 2015). 

It is expected that the global temperature 

will increase 1.1-6.4ºCdepending on regions until 

end of this century (Anonymous, 2007). Hijmans 

(2003) estimated the effects of global warming on 

potato production in different regions of the world 

using different projections. He concluded that 

potential yield of potato could decrease around 18-

32% in general, but decline can be higher in some 

regions (i.e. 36.7% in Turkey) if any precautions 

are not taken. Hijmans (2003) suggested that the 

detrimental effects of global warming could be 

reduced by shifting planting dates and 

development of heat tolerant cultivars. Apart from 

the global warming, breeding heat tolerant potato 

cultivars is also very important to get high yield in 

tropical, sub-tropical and Mediterranean-type 

environments due to supra-optimal temperatures 

during growing period.  

 

BREEDING STRATEGIES FOR CLIMATE 

RESILIENT CULTIVARS 

 

The threat of climate change and 

aforementioned effects of drought and heat stress 

on potatoes confronts potato breeders with 

enormous challenges to generate climate resilient 

cultivars. Actually, climate change will also bring 

other problems such as salinity, frost, epidemics of 

new diseases and pests. However, breeders 

generally focus on improve only one of threats 

such as drought, heat, salinity, or a single disease. 

The focus on improving potato characteristics to 

tolerate drought and heat has generally been 

overlooked (Monneveux et al, 2013). Especially 

dual tolerance to heat and drought stresses will be 

very important since plants will generally face with 

both stresses simultaneously with changing climate 

in future (Peverelli and Rogers, 2013; Kole et al, 

2015; Mazdiyasni and AghaKouchak, 2015). 

Where heat and drought stress occur 

simultaneously, they generally result in more 

extreme detrimental effects than would each stress 

separately (Peverelli and Rogers, 2013; Lipiec et 

al, 2013). Moreover, their joint presence can also 

alter plant metabolism in novel ways compared to 

each applied individually (Rizhsky et al, 2004). 

The severity of decline in tuber quality and yield 

increases when heat stress accompanies drought 

stress in potato (Ahn et al, 2004, Aksoy et al, 

2015). Yield losses combined with low crop 

quality could drastically impact the economic 

output and the overall human food supply. 

There are two prerequisites for success of a 

traditional breeding program aims to development 

of heat and drought tolerant cultivar: choosing the 

most appropriate parents, and using of the reliable 

screening methods in early generations (Hijmans, 

2003; Levy, Veilleux, 2007). Previous studies 

indicated that it is possible to find sources for heat 
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(Gautney and Haynes, 1983; Levy, 1986; Levy et 

al, 1991; Reynolds and Ewing, 1989; Midmore and 

Prange, 1991) and drought tolerance (Coleman 

2008; Cabello et al, 2012; Schafleitner et al, 2007; 

Sprenger et al, 2015) amongst potato cultivars, 

breeding lines, and wild Solanum species.  

However direct selection for drought and 

heat tolerance by assessing performance and yield 

is very complex and time-consuming, as it requires 

trials on managed field sites either in areas with 

frequent droughts or under expensive rain-out 

shelters. In the most cases, it can be not possible to 

create a selection environment having both stresses 

simultaneously. As both drought and heat 

tolerances are multigenic traits, the combinations 

of favorable alleles that achieve high tolerances are 

very rare events. Thus, understanding the tolerance 

mechanism and novel screening techniques are 

needed to identify genotypes having dual-tolerance 

to both stresses. Recent developments in molecular 

biology and genetics offer new tools to breeders to 

develop more tolerant potato cultivars. 

Phenomics and genomics are two important 

and trendy tools in developing stress tolerant 

cultivars. A high-throughput phenotyping is a key 

step to identify individuals tolerant to targeted 

stress factors (Ghanem et al, 2015). Screening of 

individuals for morphological (i.e. number and size 

of leaves, plant height, root size, etc.), 

physiological (i.e. chlorophyll content, carbon 

exchange rate, transpiration rate), and biochemical 

(i.e. stress enzymes, plant hormones) traits can 

give very useful information to define and ideotype 

under stressful condition (Ghanem et al, 2015). In 

recent years, imaging and monitoring systems have 

been used as a high-throughput phenotyping 

platform especially against stress factors (Araus. 

Cairns, 2014). These platforms generally use 

sensors, robotics, aeronautics, and high-

performance computing tools, but more practical 

and low-cost approaches are also needed (Araus, 

Cairns, 2015; Ghanem et al, 2015). 

In a broad term, genomics tools offer 

knowledge and information about single genes, 

pathways or gene networks, and genome structure 

and behavior (Langridge and Reynolds, 2015). 

Application of DNA markers to identify genotypes 

having desired traits have successfully 

implemented to breeding scheme of many crop 

species. Markers can provide a framework to 

identify genomic regions (e.g. quantitative trait 

loci, QTLs) that influence traits of interest 

(Ghanem et al, 2015). Unfortunately, a limited 

number of QTLs for complex traits of drought 

and/or heat tolerance have been detected by 

traditional QTL mapping approach while no 

validated selection markers have been developed 

for selection heat and/or drought tolerant potato 

genotypes. Recently several projects are ongoing 

to identify selection markers using Genome-wide 

Association Study (GWAS) approach. The Next 

Generation Sequencing technology along with 

phenotyping data are used for GWAS approach. 

Khan et al (2015) newly reported 45 QTLs related 

with drought tolerance in potato using GWAS 

approach. The main advantages of GWAS include: 

1) no need to make crosses to generate segregating 

populations; 2) a collection of various cultivars and 

breeding lines can be utilized for mapping studies; 

3) higher mapping resolution may be reached with 

many more meiotic recombination events (Aksoy 

et al, 2015). However, this approach also needs 

also collection of accurate phenotypic data to 

match traits and genes related to tolerance. 

Transcriptomics, miRNAs and trangenics can offer 

also useful tools to study on heat and drought 

tolerance in crops (Aksoy et al, 2015). 

 

CONCLUSIONS 

 

It is obvious that global warming threats the 

sustainability of potato production in most regions 

throughout the world. Therefore, potato breeders 

should consider to develop tolerant cultivars to 

adapt upcoming changing environment. However, 

many recent potato breeding programs erroneously 

focused on only drought or heat tolerance instead 

of dual tolerance to both stresses whereas plants 

will generally face with both stresses 

simultaneously with changing climate. Hence we 

strongly suggest to include both stress factors in 

new breeding programs. Inclusion of phenomics 

and genomics tools to breeding program is also 

essential to accelerate breeding process of climate 

resilient potato cultivars. 
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