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Chapter 12

Wild Potatoes: A Genetic 
Reservoir for Potato Breeding
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12.1  Introduction

Wild potatoes are a large genetic reservoir for potato breeding with current use 
and potential to provide genes for novel traits, and resistances for abiotic and bi-
otic stresses absent in commercial cultivars. The first steps to use wild relatives 
in modern potato breeding started almost two centuries ago. Wild species from 
South America had been introduced in Europe in 1824, especially S. commer-
sonii (Fig. 12.1) and S. maglia. Before 1920 many efforts were made to cross 
S. demissum with S. tuberosum and by 1932 introgression of resistance genes 
succeed first for late blight, later for virus (1941) and potato cyst nematode [1]. 
Since then, many resistance genes have been introduced into modern potato 
cultivars.

Potatoes (Solanum sect. Petota) taxonomy is a matter of debate. Accepted 
wild species ranges from 107 [2] to 180 [3], and domesticated from 4 (S. ajan-
huiri, S. curtilobum, S. juzepczukii, S. tuberosum group Andigenum) [2] to 7, be-
ing 4 of them hybrids (S. × ajanhuir, S. × chaucha, S. × curtilobum, S. × juz-
epczukii), 2 of them with 4 subspecies (S. stenotomum subsp. goniocalyx, S. 
stenotomum subsp. stenotomum, S. tuberosum subsp. andigenum, S. tuberosum 
subsp. tuberosum) and 1 with no subspecies (S. phureja) [3].

Wild potatoes occur from southwestern United States of America (38°N) to 
central Argentina and Chile (41°S) and the Juan Fernández Archipelago. Most 
species are from South America with the diversity peaking at 21°S and a sec-
ondary center of diversity lies around 20°N in the central Mexican highlands 
[4]. They occur along a wide range of habitats from deserts to rainforests and 
from sea level to elevations around 4,700 m above sea level in the tropical An-
dean mountains. Potato wild relatives grow in sunny to partially sunny areas 
and in preserved or anthropogenic disturbed environments, including tussocks 
and grazed areas and edges or glades in temperate and subtropical forests [5].
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INTRODUCTION Drought is a formidable environmental 
stress that significantly impacts the growth, development, and 
productivity of wheat plants. The effects of drought are 
multifaceted, affecting various physiological and biochemical 
processes crucial for optimal wheat growth. One of the primary 
consequences of drought stress is water scarcity, leading to 
reduced cell turgor pressure and impaired cell expansion. As a 
result, wheat plants often exhibit wilting, leaf rolling, and a 
general decline in overall turgidity (Chowdhury et al., 2021). 
Wheat, a major staple crop, faces increasing challenges from 
climate change, with drought being a primary threat to its 
productivity. In response to water scarcity, wheat plants activate 
a series of adaptive mechanisms to ensure survival and maintain 
essential physiological processes. One critical strategy involves 
osmotic adjustment, where the plant accumulates compatible 
solutes like proline and sugars to sustain cell turgor and osmotic 
potential. This osmoregulation aids in preserving cellular 
integrity under water-deficit conditions (Habibpor et al., 2011).  
Trait selection is a fundamental aspect of breeding programs 
aimed at enhancing drought tolerance in wheat. The 

identification and incorporation of specific traits related to 
water-use efficiency and stress adaptation play a pivotal role in 
developing wheat varieties resilient to water scarcity. Wheat, a 
crucial staple crop globally, faces increasing challenges due to 
climate change, with drought being a significant threat to its 
productivity (Iqbal, 2019). To address this, breeding strategies 
for drought tolerance in wheat necessitate the careful selection 
of traits that enable the crop to withstand water scarcity. Here, 
we explore key traits crucial in wheat breeding programs focused 
on enhancing drought tolerance. Root architecture is a critical 
trait that profoundly influences a plant's ability to access water 
resources. Breeding for drought tolerance involves selecting 
wheat genotypes with deep and extensive root systems 
(Arifuzzaman et al., 2020). Deep roots enable plants to explore 
soil depths, accessing water stored at lower levels during periods 
of water scarcity. The selection of genotypes with enhanced root 
traits contributes to improved water uptake efficiency. Wheat 
varieties with extensive and deep root systems are prioritized in 
breeding efforts. Deep roots allow plants to access moisture 
stored in deeper soil layers during periods of drought. Varieties 
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ABSTRACT One of the many challenging abiotic factors affecting wheat growth and yield in arid and semiarid regions 
is drought. This research conducted during the years 2022-2023, involved the evaluation of 100 wheat genotypes. In 
this experiment, explored the seedling-stage responses, revealing that genotypes such as G33, G68, and G29 
demonstrated superior growth and water regulation under normal and drought conditions in most of the studied traits. 
Conversely, G99, G84, and G91 exhibited lower mean values, indicating these genotypes as a drought susceptible. The 
results emphasized the importance of selecting genotypes with favorable traits for enhanced drought tolerance and 
improved yield potential. The study's importance lies in the identification of genotypes with resilient traits under water 
stress, providing valuable insights for breeding programs aimed at developing drought-tolerant spring wheat varieties. 
The results and discussions presented the genetic variability in wheat and offer practical implications for sustainable 
crop production in the face of changing climatic conditions. 
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Abstract
The genetic diversity of crop wild relatives is a rich source of valuable genes for 
plant breeding. Potato wild relatives are an important potential source for breeding 
programmes focused on heat resistance due to their wider adaptability to different 
climatic conditions. Wild potato accessions from Embrapa (Brazilian Agricultural 
Research Corporation) Potato Genebank were assessed and compared to dihap-
loids and tetraploid cultivated genotypes by measuring tuber yield-related traits and 
then by analysing through mixed models using the restricted maximum likelihood 
(REML)/best linear unbiased predicted (BLUP) procedure under heat stress. So, 
the present study aimed to select the most productive wild potato genotypes under 
two ranges of temperatures by investigating adaptability and stability of parameters 
through mixed modelling. Twenty-one genotypes comprising 17 wild potatoes (thir-
teen diploid Solanum chacoense, one triploid S. chacoense and two diploid S. com-
mersonii), four dihaploid S. tuberosum and one tetraploid commercial cultivar of 
S. tuberosum (BRSIPR Bel) were evaluated under favourable crop temperature and 
heat stress conditions using a randomised complete block design. Significant differ-
ences were observed for the effects of genotypes and the G × E interaction. Broad 
sense heritability ranged from 0.24 to 0.59. Genotypic variance was the largest com-
ponent of phenotypic variance, followed by environmental variance and interac-
tion variance. We observed the highest genotypic correlation by dry matter content. 
Accuracy of selecting wild genotypes was high for all traits. The genotypes BGB088 
(dihaploid S. tuberosum) and BGB113 (diploid S. chacoense) performed as the best 
ones in most of the studied traits under heat stress. These genotypes show better sta-
bility (HMGV), adaptability (RPGV and RPGV*GM), and stability and adaptability 
of genetic values (HMRPGV and HMRPGV*GM) under high temperature by mixed 
model methodologies. Conversely, BGB009 and BGB045 (diploid S. commersonii) 
and BGB086 (triploid S. chacoense) showed consistence in ranking among the ones 
last for genotypic values for all methodologies. Thus, we concluded that BGB088 
and BGB113 are promising genotypes of interest to further studies for providing 
higher tuber yield under heat stress or non-favourable potato crop environmental 
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ABSTRACT
‘All we are is a lot of talking nitrogen’ stated by an American playwright, Arthur Miller, precisely 
expressing the crucial nature of nitrogen for the ecosystem. On the one hand, nitrogen deficiency limits 
food production in developing areas, while excessive nitrogen compromises soil fertility, human health, 
and agricultural and environmental sustainability in the industrialized world. On the other hand, more 
than half of the applied nitrogen in soils is usually lost to the environment in terms of nitrous oxide (N2O) 
emissions, ammonia (NH3) volatilization, and nitrate (NO3) leaching. Therefore, it is required to increase 
the nitrogen use efficiency of plants to improve crop production, save raw materials used to produce 
nitrogen fertilizers, and mitigate adverse effects on human health and the environment. This multi
disciplinary review highlights natural and synthetic sources of nitrogen, nitrogen emission in different 
regions, applications, and toxicity of nitrogen, economic aspects of nitrogen and nitrogen management 
approaches such as biological nitrogen fixation, 4 R strategy, enhanced efficiency fertilizers, nitrification 
inhibitors, and digital soil mapping in the context of sustainable development goals (SDGs).
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1. Introduction

From the last 50 years, the utilization of chemical fertilizer 
experienced a significant surge on a global scale. The magni
tude of this surge was evident as there was 6-fold increase, with 
the quantity soaring from 32 million metric tons in 1961 to 
a staggering 202 million metric tons in the year 2020 (IFA 2023). 
Nitrogen fertilizers play a key role in the production of food and 
on a keynote, FAO stat data (https://www.fao.org/faostat/en/) 
depict a strong correlation between the crop yield and applied 
nitrogenous fertilizers (Figure 1). However, upon their applica
tion to agricultural soils, they serve as the principal source of 
anthropogenic nitrous oxide (N2O) emissions, with agriculture 
being held responsible for approximately 70% of the global 
anthropogenic sources (Tian et al. 2020). Nitrous oxide, 
a significant greenhouse gas (GHG), exhibits a global warming 
potential that is roughly 298 times higher than carbon dioxide 
(CO2) on a mass basis over a 100-year time perspective while 
also contributing to the reduction of stratospheric ozone 
(Ravishankara, Daniel, and Portmann 2009). According to the 
IPCC sixth assessment report the current atmospheric concen
tration of N2O reached to 332 ppb (IPCC 2023). Therefore, it is 
unsurprising that inadequate nitrogen management in the 
agriculture is identified as a bottleneck to achieving one of 

the sustainable development goals (SDG12) set by the United 
Nations, ‘Responsible Consumption and Production.’

It is a frequently observed phenomenon that the application 
of nitrogenous fertilizers both in developed and developing 
countries is applied more than what is required. The following 
statistics shows the application of nitrogen fertilizers in the 
United States as a whole. ‘Nitrogen is employed in quantities 
exceeding the benchmark rate on 36% of corn hectares, with an 
average application of 43.49 kg per hectare. Furthermore, it is 
utilized on 19% of cotton hectares, with an average application 
rate of 44.48 kg per hectare. Similarly, it is applied on 22% of 
spring wheat hectares, with an average rate of 33.61 kg per 
hectare. Lastly, it is used on 25% of winter wheat hectares, with 
an average application rate of 26.69 kg per hectare’ (Wade, 
Claassen, and Wallander 2015). It is assumed that there is 
a prevalence of misconceptions regarding the relationship 
between fertilizer application and crop yield, and if these mis
conceptions are significant enough to warrant attention, 
a subsequent measure could involve comprehending the ele
ments that contribute to these misconceptions and why they 
persist.

Nitrogen fertilizers, owing to their high mobility within the 
soil, should be applied to the plants in a regulated manner to 
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Abstract
Heat stress reduces potato productivity by restricting photosynthesis, assimilation production, and sink partitioning. Potato 
wild relatives (Solanum sect. Petota, Solanaceae) possess abiotic stress resistance characteristics. However, we must assess 
physiological parameters like gas exchange, chlorophyll index, and fluorescence to determine whether wild potato genotypes 
can boost crop yield under adverse conditions. We utilized a factorial experimental design to find substantial trait-based geno-
type differences. The mixed-model technique ranked the genotypes according to their performance in terms of predicted true 
genotypic values. For potato breeding, we used PCA and cluster analysis on genotypic values to identify critical features and 
heat-stress-tolerant genotypes. Ranking by best linear unbiased prediction (BLUP) values and heat comprehensive evaluation 
values for assessed characteristics indicated that predominantly S. chacoense genotypes performed well. Some of the most 
important physiological characteristics for investigating heat resistant germplasm genetic diversity are net photosynthetic 
rates, transpiration rates, stomatal conductance, intracellular/ambient CO2, water usage efficiency, photosystem II operational 
efficiency, photochemical quenching, and dry matter content. We were able to find genotypes (BGB083, BGB102, BGB103, 
BGB109, BGB113, BGB444, BGB451, BGB467, and BGB472) that have a mix of these traits and are better at keeping 
up their photosynthetic performance, water use efficiency, and chlorophyll content. They also have better photoprotective 
mechanisms that work better when they are under heat stress. Heat stress is most likely to affect BGB008, BGB096, and 
BGB107. These characteristics are highly valuable for breeding heat-tolerant potato cultivars that can sustain growth, yield, 
and tuber quality under the increasing threat of heat stress.

Resumen
El agobio por calor reduce la productividad de la papa al restringir la fotosíntesis, la producción de asimilación y la partición 
de la demanda. Parientes silvestres de la papa (Solanum sect. Petota, Solanaceae) poseen características de resistencia al 
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Abstract
Screening of pollen traits in diploid wild potatoes (Solanum sect. Petota, Solanaceae) is 
desirable to develop heat-tolerant potato (S. tuberosum) cultivars. Accomplishing this 
goal requires exploring potato genetic resources that are conserved in genebanks. The 
goal of this study was to assess pollen viability and 2n pollen production of diploid 
potato wild relatives under heat stress conditions. We assessed pollen viability and size 
of nine potato accessions conserved at the Embrapa Potato Gene Bank, including eight 
wild potatoes: S. chacoense (BRA 00167447–2, BRA 00167017–3, BRA 00167023–
1, BRA 00167028–0), S. commersonii (BRA 00167007–4, BRA 00167420–9, BRA 
00183760–8), and S. malmeanum (BRA 00183755–8), along with a control accession 
from the cultivated species S. tuberosum (BRA 00167251–8). The plant accessions 
were cultivated in separate growth chambers, subjected to both control temperature 
(ranging from 14 to 27 °C) and supraoptimal temperature conditions (ranging from 24 
to 34  °C). At heat stress, the accession BRA 00167251–8 did not bloom, and BRA 
00167023–1 did not produce pollen. The remaining accessions did not exhibit a sig-
nificant reduction in pollen viability as the temperature increased. Pollen viability at 
the control temperature had the lowest value in BRA 00167420–9 (S. commersonii) 
with 68.5% and the highest in BRA 00183755–8 (S. malmeanum) with 100%. At the 
supraoptimal temperature, the lowest value was in BRA 00167420–9 (S. commersonii) 
with 54.5% and the highest in BRA 00167017–3 (S. chacoense) with 94%. The average 
pollen diameter was 20 µm in all wild potato genotypes, and the increase in tempera-
ture did not lead to 2n pollen production. Estimated genotypic coefficient of variation 
(GCV) was lower than phenotypic coefficient of variation (PCV) for pollen viability. 
The observed heritability ranged from 58.8% in BRA 00167007–4 to 91.3% in BRA 
00183755–8. Our results highlight the genetic variability available in wild potato germ-
plasm concerning pollen viability under heat stress. Furthermore, these first insights 
offer valuable guidance for ongoing and future endeavours in diploid potato breeding.

Keywords  Crop wild relatives · Pre-breeding · Solanaceae · Solanum · Variability

Extended author information available on the last page of the article

http://orcid.org/0000-0002-6542-9583
http://orcid.org/0000-0002-0076-4620
http://orcid.org/0000-0003-4605-0014
http://orcid.org/0000-0002-0046-6500
http://crossmark.crossref.org/dialog/?doi=10.1007/s11540-025-09878-6&domain=pdf

	Chapter 12 - Wild Potatoes: A Genetic Reservoir for Potato Breeding
	12.1 - Introduction
	12.2 - Current and potential uses of wild potatoes for breeding
	12.2.1 - Commercial traits
	12.2.2 - Abiotic stresses
	12.2.3 - Biotic stresses
	12.2.3.1 - Bacterial diseases
	12.2.3.2 - Fungal diseases
	12.2.3.3 - Pest insects
	12.2.3.4 - Nematodes
	12.2.3.5 - Viruses


	12.3 - Hurdles to be overcome
	12.4 - Future of wild potatoes in breeding
	References

	2023-Genotypic Response and Selection of Potato Germplasm Under Heat Stress.pdf
	Genotypic Response and Selection of Potato Germplasm Under Heat Stress
	Abstract
	Introduction
	Material and Methods
	Plant Material
	Environmental Conditions
	Agronomic Traits
	Statistical Analysis

	Results
	REML Variance Components
	Genotypic Selection Under Heat Stress Conditions

	Discussion
	Conclusions
	References


	2024-Nitrogen fertilizers and the future of sustainable agriculture a deep dive into production pollution and mitigation measures.pdf
	Abstract
	1. Introduction
	2. Application of N fertilizers in agriculture
	3. Impact of nitrogen on plants, humans, and environment
	3.1. Factors associated with N<sub>2</sub>O emission from soils
	3.1.1. Soil microorganisms
	3.1.2. Soil moisture
	3.1.3. Soil pH and temperature
	3.1.4. C/N ratio of organic fertilizers or crop residues


	4. Mitigation strategies
	4.1. R nutrient strategy
	4.2. Integrated nutrient management
	4.3. Biological nitrogen fixation
	4.4. Genetics and N fixation
	4.5. Management of crop residues
	4.6. Enhanced efficiency fertilizers
	4.6.1. Nitrification and urease inhibitors
	4.6.2. Coated fertilizers
	4.6.3. Nano fertilizers

	4.7. Digital soil mapping for nitrogen
	4.7.1. ML (machine learning) approaches to mitigate N losses


	5. Future outlook: prospects for 2050
	6. Conclusion
	Disclosure statement
	ORCID
	References

	2025-Phenotyping wild potatoes for photosynthesis associated traits under heat stress.pdf
	Phenotyping Wild Potatoes for Photosynthesis Associated Traits Under Heat Stress
	Abstract
	Resumen
	Introduction
	Materials and Methods
	Experimental Setup and Growth Conditions
	Physiological Measurements: Gas Exchange and Chlorophyll Fluorescence
	Measurement of Biomass and Yield Components
	Statistical Analysis
	Tolerance Analysis

	Results
	Genotypic Responses of the Potato Germplasm

	Discussion
	Conclusion
	References


	Nicolao et al. 2025[1].pdf
	Evaluation of Diploid Wild Potatoes Pollen Traits under Heat Stress
	Abstract
	Introduction
	Materials and Methods
	Plant Material
	Environmental Conditions
	Pollen Viability Assessment
	Pollen Viability-Based Heat Susceptibility Index (HSIpv)
	Genetic Parameters for Pollen Viability
	Genotypic Variance
	Phenotypic Variance
	Genotypic Coefficient of Variation (GCV)
	Phenotypic Coefficient of Variation (PCV)
	Broad-Sense Heritability (H2)
	Genetic Gain
	Genetic Advance
	Pollen Size

	Statistical Analysis

	Results and Discussion
	Pollen Viability in Potato Genotypes
	Analysis of Variance
	Pollen Viability-Based Heat Susceptibility Index (HSIpv) in Potato Genotypes
	Heritability for Pollen Viability in Potato Genotypes

	Pollen Viability in Potato Species
	Pollen Size in Potato Genotypes
	Pollen Size in Potato Species


	Conclusions
	Acknowledgements 
	References



