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Resumo

BASHIR, lkram. Avaliacdo de caracteristicas desejaveis de batatas silvestres para o
melhoramento da batata cultivada. Orientador: Gustavo Heiden. 2022. 153F. Tese de
Doutorado (Programa de P6s-Graduagdo em Agronomia - Fitomelhoramento) — Faculdade de
Agronomia Eliseu Maciel, Universidade Federal de Pelotas, Pelotas, 2022.

Estresses abidticos, especialmente calor e seca, sdo os principais fatores que reduzem a
produtividade da batata (Solanum tuberosum, Solanaceae) limitando a atividade fotossintética,
diminuindo a producéo e o particionamento de assimilados para os tubérculos. As batatas-
silvestres sdo uma fonte natural de caracteristicas valiosas para 0 melhoramento genético da
batata, como a tolerancia a estresses abioticos. Entretanto, é necessario identificar os fenotipos
com base em caracteres morfoagronémicos e fisiologicos, para permitir incrementar a
resiliéncia desse cultivo, pois as trocas gasosas, indice de clorofila, e fluorescéncia de clorofila
sdo os principais fatores que influenciam a producdo e atividade fotossintética. De modo a
avancar na avaliacdo de caracteristicas desejaveis das batatas-silvestres em prol do
melhoramento genético da batata, esta tese esta organizada em quatro capitulos. O Capitulo 1
apresenta uma revisao de literatura sobre o papel promissor dos parentes silvestres da batata
como um reservatdrio de novas caracteristicas genéticas desejaveis para o melhoramento da
batata. O Capitulo 2 apresenta um estudo da resposta genotipica e selecao de parentes silvestres
da batata quanto caracteristicas dos tubérculos em condigdes de estresse por calor. Duas
condicdes de temperatura foram aplicadas: controle (14-27°C) e estresse de calor (24-34°C).
Ao final do ciclo de vida das plantas, os caracteres morfoagrondmicos foram analisados por
meio de modelos estatisticos mistos para ranquear os genotipos de acordo com os valores
genotipicos reais. O Capitulo 3 trata da avaliacdo sob as mesmas condi¢fes de temperatura do
capitulo anterior e avalia a resposta fisiol6gica (taxa fotossintética - Pn), taxa de transpiracao
(Tr), condutancia dos estdbmatos (Gs), concentragdo de CO: intra e extracelular (Ci/Ca), € a
fluorescéncia de clorofila. Estas caracteristicas fisioldgicas foram submetidas a analises de
componentes principais que permitiram agrupar 0S acessos expostos ao estresse de calor,
permitindo reconhecer um conjunto de gendtipos tolerante as temperaturas elevadas. No
Capitulo 4, acessos adicionais de S. commersonii e S. chacoense e caracteristicas adicionais de
trocas gasosas (Pn, Tr, Gs), fluorescéncia de clorofila (Y1I, NPQ, Fv/Fm), contetdo de clorofila
a e b e de carotentides, também foram medidos 1 dia apds o estresse (DAS), 15 DAS e 35
DAS. Ao final do ciclo de vida, as amostras tiveram o conteudo total de agua e os contetdos
de matéria fresca e seca observados. Os resultados demonstram que 0s gendtipos de S.
chacoense foram mais tolerantes e tiveram melhor desempenho sob condigdes de estresse de
calor. Portanto, a introducéo e caracterizacdo de genétipos com caracteristicas fisiologicas de
batatas-silvestres é necessaria para atender os esforgcos de ganho requeridos em programas de
melhoramento genético da batata visando enfrentar cenarios previstos de incremento de calor
e seca globais.

Palavras-Chave: Estresse abiotico; batatas silvestres; troca gasosa; fluorescéncia da clorofila;
Solanum commersonii; Solanum chacoense; Solanum tuberosum



ABSTRACT

BASHIR, Ikram. Evaluation of desirable characteristics of wild potatoes for the breeding
of the cultivated potato. Advisor: Gustavo Heiden. 2022. 153 Pages. Doctorate Thesis
(Graduate Program in Agronomy — Plant Breeding) — Faculty of Agronomy Eliseu Maciel,
Universidade Federal de Pelotas, Pelotas, 2022.

Abiotic stresses, specially heat and drought, are the major factors reducing potato (Solanum
tuberosum, Solanaceae) productivity by limiting the plant photosynthesis activity, reducing the
production, and partitioning of assimilates to the tubers. Wild potatoes are a natural source of
valuable traits for potato breeding, such as abiotic stress tolerance. However, it is necessary to
identify phenotypes on a morpho-agronomic and physiological basis that could be manipulated
to increase crop resilience. Thus, the morphoagronomic and photosynthetic traits of gas
exchange, chlorophyll index and chlorophyll fluorescence are important to study because these
factors mainly influence production and photosynthetic activity. To advance on the evaluation
of desirable traits of wild potatoes for the breeding of the cultivated potato, this thesis is
organized in four chapters. Chapter 1 presents a literature review on the promising role of
potato wild species as a reservoir of desirable novel genetic traits for potato breeding. Chapter
2 presents a study of the genotypic response and selection of potato wild relatives for their
tuber traits under heat stress. Two temperature conditions: control (14-27°C) and heat stress
(24-34°C) were used. At the end of the plant life cycle morpho-agronomic traits were analyzed
by statistical mixed models to rank the genotypes according to true genotypic values. Chapter
3 deals with the evaluation of genotypes grown in the same temperature conditions and their
physiological traits response (net photosynthesis rate (Pn), transpiration rate (Tr), stomatal
conductance (Gs), intra and extra cellular CO2 concentration (Ci/Ca)) and chlorophyll
fluorescence traits. These physiological traits were analyzed by principal component analysis
and clustering of genotypes under heat stress condition resulted in a group of genotypes tolerant
to elevated temperatures. In Chapter 4, further accessions of S. commersonii and S. chacoense
and, apart from gas exchange traits (Pn, Tr, Gs) and chlorophyll fluorescence traits (Y1l, NPQ,
Fv/Fm); chlorophyll a, b and carotenoid contents, were also measured after 1 day after stress
(DAS), 15 DAS and 35 DAS application. At the end of the life cycle total water content and
fresh tuber weight and dry matter content were also measured. The results point out that the
genotypes of S. chacoense were more tolerant and performed better under heat stress
conditions. So, introducing the characterized wild potato genotypes, with improved
photosynthesis traits and other studied physiological traits in adverse conditions, is important
for potato breeding programs to meet the genetic gains efforts required to cope with anticipated
increasing of heat and drought events worldwide due to climate change.

Keyword: Abiotic stress; wild potatoes; gas exchange; chlorophyll fluorescence; Solanum
commersonii; Solanum chacoense; Solanum tuberosum
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ABSTRACT

The study was carried out at the research area of Vegetable Research Institute,
ARRI, Faisalabad, during the Rabi season 2013-2014. The experiment
comprised of twelve genotypes (GRW-45, Climax, Green Arrow, 5180, Pea-
2009, Premium, 9800-10, 2001-40, Winner, FS-2187, 6173 and PF-400). The
experimental material was grown in a randomized complete block design with
three replications under natural conditions. The plot size was 6 m x 1.25 m with
plant to plant and row to row distances of 4 inch and 60-75 cm, respectively.
Uniform cultural practices were carried out through out growing season for
good crop stand. Five random plants from each replication were selected for
recording data on the morphological and physiological parameters: days to 50
% flowering, plant height, number of productive branches per plant, number of
pods per plant, pod length, number of seeds per pod, pod width, 100-seed
weight, pods weight per plant, seed yield per plant, relative water content and
chlorophyll content and statistically analyzed for the estimation of different
yield components and overall seed yield. The path coefficients were also
calculated to estimate the contribution of individual characters to the seed yield.
The path coefficient analysis showed that 100-seed weight, chlorophyll content,
pod length and number of seed per pod had maximum direct effect on grain
yield per plant.



	1. General Introduction
	1.1. General objective
	1.2. Specific Objectives
	1.3. References

	Chapter I
	1. Wild Potatoes: A Genetic Reservoir for Potato Breeding *
	1.1. Introduction
	1.1.1. Commercial traits
	1.2. Abiotic stresses
	1.2.1. Frost
	1.2.2. Drought
	1.2.3. Heat
	1.2.4. Salinity
	1.3. Biotic stresses
	1.3.1. Bacterial diseases
	1.3.1.1. Bacterial wilt or brown rot (Ralstonia solanacearum)
	1.3.1.2. Bacterial ring rot (Clavibacter michiganensis subsp. epedonicus)
	1.3.1.3. Fusarium wilt (Fusarium spp., especially F. oxysporum complex).
	1.3.1.4. Late blight (Phytophthora infestans).
	1.3.1.5. Potato wart (Synchytrium endobioticum)
	1.3.1.6. Verticillium wilt (Verticillium spp., especially V. dahliae).
	1.3.2. Pest insects
	1.3.2.1. Colorado potato beetle (Leptinotarsa decemlineata).
	1.3.2.2. Flea beetle (Epitrix harilana rubia).
	1.3.2.3. Green peach aphid (Myzus persicae) and potato aphid Macrosiphum euphorbiae).
	1.3.2.4. Mites (Tetranychus urticae)
	1.3.2.5. Tuber worms or tuber moths.
	1.3.2.6. Potato leafhopper (Empoasca fabae).
	1.3.2.7. Potato leaf miner (Liriomyza huidobrensis).
	1.3.3. Nematodes
	1.3.3.1. Potato cyst nematodes (Globodera rostochiensis, G. pallida).
	1.3.3.2. Root-knot nematode (Meloidogyne chitwood, M. incognita).
	1.3.4. Viruses
	1.3.4.1. Alfalfa mosaic virus (AMV)
	1.3.4.2. Potato spindle tuber viroid (PSTVd)
	1.3.4.3. Potato virus A (PVA)
	1.3.4.4. Potato leafroll virus (PLRV)
	1.3.4.5. Potato virus M (PVM)
	1.3.4.6. PVS (Potato virus S)
	1.3.4.7. Potato virus X (PVX)
	1.3.4.8. Potato virus Y (PVY)
	1.3.4.9. Tobacco Rattle Virus (TRV)
	1.4. Hurdles to be overcome
	1.5. Future of wild potatoes in breeding
	1.6. References


	Chapter II
	2. Genotypic response and selection of potato germplasm under heat stress *
	2.1. Abstract
	2.2. Introduction
	2.3. Material and methods
	2.3.1. Plant material
	2.3.2. Environmental conditions
	2.3.3. Agronomic Traits
	2.3.4. Statistical analysis
	2.4. Results
	2.4.1. REML Variance Components
	2.4.2. Genotypic selection under Heat Stress conditions
	2.5. Discussion
	2.6. Conclusion
	2.7. Funding
	2.8. References
	CHAPTER III
	3. Evaluating potato wild relatives (Solanum sect. Petota, Solanaceae) germplasm diversity for photosynthetic traits response under heat stress
	3.1. Abstract
	3.2. Introduction
	3.3. Material and methods
	3.3.1. Chlorophyll Fluorescence:
	3.3.2. Leaf gas exchange
	3.3.3. SPAD Chlorophyll Index:
	3.3.4. Statistical analysis:
	3.4. Results
	3.4.1. Performance of studied germplasm
	3.4.2. Correlation among photosynthetic traits
	3.4.3. Genetic diversity of physiological traits
	3.4.4. Cluster Analysis
	3.5. Discussion
	3.6. Conclusion
	3.7. Funding
	3.8. References

	CHAPTER IV
	4. Genetic parameters and responses associated with high temperature effects evaluation in potato wild relatives
	4.1. Abstract
	4.2. Introduction
	4.3. Material and methods
	4.3.1. Chlorophyll fluorescence analysis
	4.3.2. Leaf gas Exchange Response
	4.3.3. Determination of Chlorophyll fluorescence (CF) variables under artificial illumination
	4.3.4. Determination of chlorophyll content
	4.3.5. Total water contents %
	4.3.6. Fresh Tuber Weight (FTW)
	4.3.7. Dry matter content %
	4.3.8. Statistical Model
	4.3.9. Broad sense heritability
	4.3.10. Genotype selection accuracy
	4.3.11. Genotype Ranking
	4.3.12. Principal Component Analysis (PCA)
	4.3.13. Correlation Analysis
	4.3.14. Clustering
	4.4. Results
	4.4.1. Analysis of variance (ANOVA)
	4.4.2. Restricted maximum likelihood (REML)
	4.4.3. Genotypic values
	4.4.3.1. Net photosynthesis rate (Pn):
	4.4.3.2. Stomatal Conductance Gs:
	4.4.3.3. Transpiration Rates (Tr):
	4.4.3.4. Effective photochemical quenching of PSII (YII):
	4.4.3.5. Non-photochemical quenching (NPQ):
	4.4.3.6. Maximum photochemical yield of PSII (Fv/Fm):
	4.4.3.7. Chlorophyll Contents (Ca, Cb, Cc):
	4.4.3.8. Total water content % (TW%):
	4.4.3.9. Tuber traits (FTW, DMC%):
	4.4.4. Principal component analysis (PCA):
	4.4.4.1. Morpho-physiological variables – Control
	4.4.4.2. Morpho-physiological variables – Heat Stress
	4.4.5. Correlation between variables:
	4.5. Discussion
	4.6. Conclusion
	4.7. References

	5. Concluding Remarks

