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Introduction

Å An effect that negatively impacts another entity is termed as stress.

Å Stress can be defined as any factor of environment that interferes with the 

complete expression of the genotypic potential of the plant. 

Å Climate change increases frequency and severity of stress factors.

Å Types of environment stress: 

Å Abiotic 

Å Atmospheric (air pollution, light stress, temperature stress ) and

Å Edaphic (water stress, salt stress) 

Å Biotic  (human, animals, pests, diseases, weeds).

Å Breeders goal: Develop cultivars with enhanced resilience without yield penalty.



Types of Stress
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Environmental effectGenotype effect

Main effects

G x E interaction

Å Refers to the negative impacts of non-living environmental factors that limit  
plant growth, development, and productivity . 

Å Stressors disrupt normal plant metabolism  and physiology, forcing  the plant 
to activate defense and adaptation mechanisms to survive and sustain itself  
against these environmental challenges. 

Drought Heat Cold/Frost

Nutrient deficiency           Salinity Flood



Ftqwijv
ÅCharacterized by a long period of reduced rainfall , which leads to insufficient moisture in the soil needed for 

normal growth and development of crops. 

ÅSignificantly  affect agricultural production, reducing yields and causing serious economic and social 
consequences.

ÅIncrease of yearly average temperature from 0.9 to 2.0°C till 2050.

ÅIt is anticipated that water demand for agriculture could increase two -fold by 2050, with freshwater availability 
decreasing by up to 50% due to increasingclimatic variations. 

ÅGlobal economic losses in agriculture stemming from drought totaled approximately US $29 billion in the last 
decade. 

ÅDevelopment of high-yielding crops that are climate-resilient and more effective and/or efficient in using water 
is necessity. 

Reference: National Drought Mitigation Center, University of Nebraska-Lincoln



Drought Identification
Å Indicators :

ÅStandardized Precipitation Index (SPI): Measures precipitation over different time scales to quantify 
meteorological drought.

ÅPalmer Drought Severity Index (PDSI): Considers temperature and precipitation data to assess long -
term drought severity.

ÅCrop Moisture Index (CMI): Evaluates short-term moisture conditions affecting crop yields.

ÅNormalized Difference Vegetation Index (NDVI): Uses satellite data to assess vegetation health and 
density, indicating drought stress.

ÅRemote Sensing and Geographic Information Systems (GIS):Use satellites to monitor vegetation and 
soil moisture and create maps that visualize drought conditions, helping to identify the most affected 
areas.

https://klublr.com/ena/drought -in-world



Impact on Plants
Å Response of a plant to stress is in different ways, some of which include variation in gene expression, 

cellular metabolism, growth rates, crop yields, and so on.
Å Short periods of drought may not greatly reduce seed yield.
Å Prolonged drought stress significantly reduces seed yield and quality.
Å The effects of drought stress on plant productivity are not the same for all the growth stages.
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Germination Vegetation stage Bud formation Flowering Maturation

Stem elongation
Leaf surface reduction

Pollen infertility 
Empty seeds
Reduction of  seed yield

etkvkecn critical

Hussain et al. 2018. Drought stress in sunflower: Physiological effects and its management through breeding and agronomic alt ernatives,
Agricultural Water Management, https://doi.org/10.1016/j.agwat.2018.01.028.

Note: More available water at initial growth stages results in good vegetative growth, but the subsequent 
low moisture availability at flowering and grain filling stages significantly reduces the yield due to high 
transpiration demands .



Drought Stress Management
Eqpxgpvkqpcn"dtggfkpi
Oqngewnct"dtggfkpi"
Grkigpgvkeu"
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Irrigation
Nutrient application

Tillage
Application of 

osmoprotectant
Seed priming

Early flowering
Short life cycle
Early maturity

Longer roots
Stomatal activity
Leaf rolling
Reduced 
transpiration

Hormonal regulation
Antioxidant production
Osmotic adjusment



Phenotyping

Plant phenotyping is a rapidly emerging 
research area concerned with quantitative 
measurement of the structural and 
functional traits  of plants.
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New methodsClassical methods

Phenotyping



Root Phenotyping 



Root Phenotyping for Drought 
Tolerance



Biotic Stress
Å Caused by other living organisms like viruses, fungi, bacteria, nematodes, insects,and weeds to plants, 

resulting variety of diseases, infections, and damage to crop plants, lowering agricultural yields.

Å Examples of complete failure of the crops : potato blight in Ireland, coffee rust in Brazil (Rogers, 2004), and 

maize leaf blight in the USA (Ullstrup, 1972).

Å Today, an estimated 20% to 40% of all crop yield losses are caused bypests and plant pathogens 

https://www.cabi.org/projects/global -burden-of-crop-loss/

ECWUG

Disease
Infection
Damage

Cell death
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Impact on Plants

Å Biotic  stress agents induce a variety of diseases, infections, and damage to crop plants, lowering agricultural 
yields.

Å Biotic  attacks on crops are determined through manual visual inspections based on physiological signatures 
such as necrosis, chlorosis, lesions, tumors, wilting, stunted growth, discolorations, and cell death. 

Plasmopara halstedii

Verticillium dahliae

Sclerotinia sclerotiorum

Orobanche cumana

Ugrvqtkc"jgnkcpvjk

Phomopsis spp.

Alternaria spp. Sclerotinia sclerotiorum Thistle caterpillar

Wireworm

Head borer moth



Biotic Stress Management

ωCrop rotation
ωSanitation and residue management
ωIntercropping and diversification
ωAdjusting planting time and density

ωBreeding for resistance
ωOmics technologies
ωPyramiding of resistance genes

ωBeneficial microbes:Trichoderma, 
Bacillus subtilis, Pseudomonas fluorescens
ωNatural predators and parasitoids:pest 
control
ωMycorrhizal associations

ωPesticides 
ωSeed treatments

ωCombines genetic resistance, cultural 
practices, biological control, and selective 

chemical applications.
ωEmphasizes monitoring, early detection, and 

threshold-based interventions.
ωReduces reliance on chemicals, lowering 

environmental and health risks.

Agronomic 
Practices

Igpgvke"
Tgukuvcpeg

Biological 
Control

Chemical 
Control

Integrated 
Pest 

Management 
(IPM)



Genetic Resistance
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1. GENETIC RESISTANCE: 2. HIGH LEVEL OF TOLERANCE:

Plasmopara helianthi Phomopsis/Diaporthe helianthi

Puccinia helianthi Macrophomina phaseolina

Verticillium albo-altrum Albugo eragopogonis

Verticillium dahliae

Erysiphe cichoracearum

3. CERTAIN LEVEL OF TOLERANCE: 4. INSUFFICIENT TOLERANCE:

Sclerotinia sclerotiorum Alternaria ssp.

Phoma macdonaldii Rhizopus ssp.

Botrytis cinerea  etc.



Types of Genetic 
Resistance

Vertical
Qualitative ҭcontrolled by one or several 

genes (MAJOR GENES)

Plants are classified as R, MR, MS, S 

Horizontal
Quantitative ҭpolygenic (MINOR GENES)

Continuous variability between genotypes ҭ
scales 0-100; 1-9



Breeding Strategies



Breeding Objectives for Stress Resistance

Seed yield 

and yield 
components

Morphological 
traits and 

phenophasis

Uvcdknkv{"cpf"
cfcrvcdknkv{

Seed oil

Oil yield 



Sources of resistance (varieties, 
inbred lines, wild species, 
mutations...)

Breeding methods 

Methods of analysis (field trials, 
controled conditions, early -stage...)

Selection of resistance genotypes

Steps in Breeding for Resistance 



Sources of Resistance



Cultivated Germplasm

ÅInbred lines gene-pools, varieties, landraces...

ÅBreeding efforts traditionally focused on seed yield and yield components, 
disease resistance, early maturity, oil quality...

ÅReadily available through national/international gene banks.

ÅPre-adapted to agricultural environments, increasing chances of compatibility.



1. Sources of specific traits
2. Advance genetic variability Use of Wild Species

Å PGY"UQWTEGU"QH"EOU"CPF"TGUVQTGT"IGPGU
Å KPETGCUG"QH"JGVGTQUKU"HQT"CITQPQOKE"VTCKVU
Å TGUKUVCPEG"VQ"FKUGCUGU"CPF"KPUGEVU
Å TGUKUVCPEG"VQ"FTQWIJV
Å TGUKUVCPEG"VQ"JGTDKEKFGU
Å CNVGTGF"QKN"CPF"RTQVGKP"SWCNKV[
Å KORTQXGOGPV"QH"JGCF."UVGO"CPF"NGCH"EQORQUKVKQP"HQT"
EQORNGVG"WVKNK\CVKQP"QH"GPVKTG"UWPHNQYGT"RNCPV

Å CVVTCEVKXGPGUU"VQ"RQNNKPCVQTU
Å KPETGCUG"QH"VQNGTCPEG"VQ"UCNKPKV[



Mutations

Åchanges in the genetic material caused 
by different chemical or physical means

Åmutation breeding

ÅMutagens: physical (X, ɺ."neutrons)

 chemical  (ems, dms, sa)

ÅMutational analysis:

ÅForward genetics (Phenotype to 
gene):  a wide array of characterised 
morphological mutants

ÅReverse genetics (Gene to 
phenotype):  tilling...



Breeding Methods 

Conventional 
Breeding

Molecular 
Breeding

Selection methods  (Mass, Individual)
Hybridization methods  (Pedigree, Bulk, Backcross, 

Reccurent, Heterosis breeding)
Mutation breeding  (Induced by 

radiation/chemicals)

Octmgt/dcugf"crrtqcejgu*OCU."OCDE."OCTU."
SVN"ocrrkpi+

Igpqoke"crrtqcejgu*Igpqoke"ugngevkqp/IYCU+
Dkqvgejpqnqikecn"crrtqcejgu*Vtcpuigpke"

dtggfkpi."Igpqog"gfkvkpi+



Breeding Methods for Stress 
Resistance 

ÅConventional breeding with hybridization and 

selection dominates.

ÅMAS & MABC are used when known resistance 

genes are available and reliable markers exist.

ÅGenomic approaches are expanding but are not 

yet as widespread in routine breeding.



Selection of Resistant Genotype

Bulk, Pedigree method, SSD... 

ÅElite line x elite line

ÅElite line x donor



MAS ҭidentification of genotypes with the resistance
gene



Introduction of Resistant Gene

Back cross method

ÅVjg"uvtguu"tgukuvcpeg"vtckv"ku"
eqpvtqnngf"d{"qpg"qt"c"hgy"igpgu0

ÅVjg"iqcn"ku"vq"kortqxg"cp"cntgcf{"
jkij/rgthqtokpi"xctkgv{"ykvjqwv"
cnvgtkpi"oquv"qh"kvu"vtckvu0

Donor line X Reccurent line 



MABC ҭintroduction of the resistance gene

Elite IFVCNS lines susceptible 
to downy mildew

MAS

Homozygote resistant lines

Donor LinijaȄ

F1 x Linija

BC1 Linijax
MAS

./нx Linija

MAS

...
BC6

Ẅ About 5,000 samples are tested annually.

Ẅ Pl gene can be introduced in 3 years.

Ẅ Genetic pyramiding helps improve durability and 

degree of resistance.

BC6F2
a!{

Homozygot resistant 
line



MABC
Pl6 - HAP3

Plarg - ORS662

Imerovski et al. (2014) Mol Breeding 34(3):779-788

Breeding 
methods 



Genomic Selection
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S
vs.

GS

Genomic prediction is an approach that uses 
markers to predict the genetic value of 

complex traits in progeny for selection and 
breeding (Meuwissen et al. 2001)

Genomic Selection



(a) (b) *e+"

LG3 ҭ new resistance gene

Resistance to Broomrape



Å Resistance had a polygenic basis, and 
numerous QTLs mapping populations.

Å Two major QTLs on chromosome 3, which 
were designated or3.1 and or3.2. 

Å QTL or3.1 was positioned in a genomic 
region where a previous broomrape 
resistance gene Or5 has been mapped, 
yjkej"pqy"cevu"cu"c"ҷfghgcvgf"T"igpgҵ0"
This gene provides only a moderate level of 
resistance.  

Å QTL or3.2 was identified for the first time. 
This gene together with QTLs on other 
chromosomes are required for resistance 
to races higher than E.



Genome Editing

In 2016 Nobel Prize in Medicine

Group of laboratory techniques that change DNA structure 
(insert gene of interest in DNA structure) at a molecular level 

CRISPR-CAS9 ҭnew genomic tool for locating a region of 
interest

In EU the application and even research was arguable



Heterosis (Hybrid) Breeding

/a{ ƭƛƴŜ

6-8 generation
+
6 generation 
of CMS 
introduction 

Rf line

6-8 generation

Multi-environmental 
testing combining 
ability 3-4 years

Hybrid registration

Duration 12-15 years

Å Combining multiple resistance genes, often through techniques like gene pyramiding, to create a stronger, 
longer-lasting defense against plant diseases.
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Å Multiple stress resistance = integrated breeding Ÿ resilient crops for future climates.

Challenges 

Å Stress responses are often complex, polygenic, and environment -dependent.

Å Trade-offs  may exist: resistance to one stress can increase susceptibility to another.

Å Interactions between stresses are not simply additive Ү combined stresses can trigger 

unique physiological responses .

Key Strategies

Å Pyramiding : combining multiple resistance genes in a single genotype.

Å Trait introgression : transferring stress resistance from wild relatives into elite cultivars.

Å Breeding for plasticity : selecting genotypes with stable performance across environments.

Å Systems approach: integrating physiology, molecular biology, and breeding.



Breeding for Multiple  Stress
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