'\\ LAY Classical and Modern Approaches in Crop Breeding

/e §\> Student Training Course
»
J 22-26 September 2025, IFVCNS, Novi Sad, Serbia




Student Training Course . . .
L) smemeesenennees— Beginning of agriculture
A Plant cultivation began when there were shortfalls of easily accessible wild grass harve:s
A About 11,000 years ago, a thousayelar drought settled over the Middle East. So, people
began to plant seeds to improve natural starahglto do selection
A Genetic changes in the plants that made harvesting more controllable followed.
A Howto keepselectedgenotypesand geneticchange®

A With the help of seedd!!

A Whatwasthe consequencef all this?
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ORIGINS AND PRIMARY REGIONS OF DIVERSITY OF AGRICULTURAL CROPS Z# CIHT

-

Khoury CX, Achicanoy HA, Bjorkman AD, Navarro-Racines C, Guarino L, Flores-Palacios X, Engels JMM, Wiersema JH, Dempewolf H, Sotelo S, Ramirez-Villegas ), Castafeda-Alvarez NP, Fowler C, Jarvis A, Rieseberg LH, and Struik PC (2016). mw Conter for Tropca | w...
Origins of food crops connect countries worldwide. Proc, R Soc. B 283: 20160792. DO 10.1098/rspb.2016.0792.
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i Asparagus &b Cherries

@& Avocados & Chickpeas

2 Bananas & plantains J Chillies & peppers
& Barley ¢ Cinnamon

& Clover

@ Cocoabeans
O Coconuts

& Coffee

4 Cottonseed oil
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@ «iwi 1 Millets & Peas % Rye & Sweetpotatoes
7~ Leeks & Oats \s Pigeonpeas &% Sesame & Tao

) Lemons & limes 2@ Olives ¥ pineapples - Sorghum W Tea

%2 Lentils & Onions @& Plums & soybean @ Tomatoes

@ Lettuce @ oranges @ Potatoes @ spinach g Vanilla

U Maize A Palm oil @ Pumpkins @ Sstrawberies wy Watermelons

* Mangoes W Papayas . Quinoa & Sugarbeet ! Wheat
B Mate M. Peaches & nectarines ¥, Rape & mustard seed ﬂ Sugarcane @ Yams



et e SEED

A A seed is a reproductive plant organ that arises after
fertilization from a seed embryo and contains an embr
(germ of a new plant), reserve nutrients and a protecti
seed coat.

A lts basic function is plant reproduction, i.e. survival in
unfavorable conditions and germination of a new plant
when conditions become favorable.

Endosperm

X

Epicotyl
Hypocoty
Embryo— Radicle § —Embryo

Cotyledon

~ T

Bean seed Corn seed
(dicot) (monocot)

— Seed coat
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Seed Dormancy

E Seed Dormancy is define as such a state in which seeds are

A Seed dormancy is the inability of
a viable seed to germinate under
favorable conditions, serving as a
crucial survival mechanism that
allows plants to delay Causes of seed dormancy
germination until environmental }
conditions are optimal for
seedling survival and growth. il

prevented from germination even under a such condition
which is normally favorable for germination.

Hard Seed Coat Immature Embryo Chemical inhibitors

A . . Seed coat prevents the Some seeds are shed before  Certain inhibitory substances are
absorption of water and the maturation of embryo. phenol acids, abscisic acid, etc act
DO rm an Cy IS a' ge n etlcal Iy gaseous exchange. Such seeds are not fit to grow. as inhibitors for germination.

controlled trait, influenced by | |
environmental factors and plant Nalhodis of bracka sead dofmancy

hormones like abscisic acid (ABA)
and gibberellins (GA), and it | , |

<
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. . . %
their offspring across time, Scarification After ipening and srafification ~ Cold or hot freafment
. . . In this method lr:m sood coat Dormancy due o immature ombryo Some of the inhibitory chemical
increasing their chances of B Y
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success in unpredictable il lpeorad o S e
are kept in sand or any other material as seeds lie in the ground

environments.
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(; Syl e SEED PRODUCTION

A Seed production ithe systematic
process oftultivating and harvestin
seeds from selected plant varieties
ensure a supply of higguality, .
genetically pure, and viable seeds &
future planting '

A It involves selecting superior parert L
plants, multiplying the seeds throu (s
various stages, and ensuring qualits!
through testing, processing, and |
certification before they reach
farmers and gardeners.

A This process is fundamental to

starting materlal for crop growth arj "
maintaining genetic diversity withi
agricultural systems.
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=R HISTORY OF SUNFLOWER CULTIVATION

The first evidence of
sunflower
cultivation dates
back to 2600 BC.

cavsarn. ~  Thejourney of the Sunflower
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RembertDodoens 1569 Pre-history > 15005
Florum et coronariarum,

A The Spanish brought it from America in 15
Peter the Great brought it to Russia in 17C

A In Russia as an oil plant since 1818.

A The first varieties created in Russia in 191

Kurioesitas.com
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SUNFLOWER SPECIFICITIES OF IMPORTANCE |
SEED PRODUCTION

A Openpolinatedplant

A An entomophilouplant

A Honeyproducingplant

A Flowersarebisexual

A Flowering in ringsb-10 days
A Susceptible to diseases

A Existence of husk and
problems in harvesting and
processing of seeds

Breedingdfield
Novi Sad Institute
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BASIC GOALS IN SUNFLOWER SEED PRODUCTI(
WHAT KIND OF SEEDS SHOULD BE PRODUCEL

A Genetically and physically
pure seed G I e

A High germination seeds

A Stress tolerant seeds LR o o

A Healthy seeds v T

A Seeds clean from weeds an (‘ﬁ
other seeds o

/

Sunflowerseedcrop
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BIOLOGY OF SUNFLOWER FLOWERING

. Dist floret '

A Flowers collected in an [T/ i e
Inflorescence head i

A Rayfloret around the rim A ; /
(infertile, metamorphic)gisc D/ ;*"/‘\‘
floret in the middle (fertile) ||

A Number ofdiscflorets 600 ,\
1200, sometimes up to 400( sngma/ Syl

A Inflorescence formation /{;..:,,\_L
begins at the stage ofBpairs  Auher /0 Corol
of leaves i

A Flowering takes place in Ovary—. /ovu/e
zones, usually lasting-% days /
per head and 102 days in th Disc //ore%

plot
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BIOLOGY OF SUNFLOWER FLOWERING

The life cycle of discfloret lasts 1 to 1.5 davs

A 1. Theinitial stageof buttonopening
in theearlymorninghours(3-4) ¢

A 2. Antheremergencéetweerd and6
o'clockin themorning

A 3. Openingof anthersand shedding -
of pollen grains between6 and 8 in
themorning(temperature) Discfloret flowering

A 4. Occuranceof the stigma in the
eveningbetweerb and7 o'clock

A 5. Openingof the stigma(ball halves)
between/ and9 in theevening

A 6. Flowering and withdrawal of the
stigmain thefirst half of the nextday
(if fertilization hasoccurred)

4

. .
Pollengerminationon stigma
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COROLLA LENGTH

Inbred lines had larger variablity for
corolla length 7.9.1.1mm than the
hybrids 8.69.6mm Stigma

200

L] y =-34.55x + 368.70 ; R* = 0.52

Therewassignificant corellation
between corolla length and
honeybee visitation

150

Style Anther

100 . ® e

The mean functional length of
the honey bee proboscis is
approximately7 mm
(Waddington1987) Corolla— ——Filament  ° s os os 05

2017 floret length (mm)

Bee visits / 100 plant observations

Floretlengthsshorter than 10
mm shouldnot restrict access as
depth is at 70% of floret length

Nectary Portlas et al. 2018. Variation in floret size
explains differences iwild bee visitationto
cultivated sunflowers. Plant Genetic Resourc
Characterization and Utilization, 16(6), 4983.

aiAlt A6 SEifects df genotypeara @rowing

.. ary
conditions on several parameters of sunflower
attractiveness tdees
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WORK ON THE CREATION OF SUNFLOWER HYBF

A The first sunflower hybrids created on the basis of nuclear male sterility were
created in France (1969) and Romani®{1 ¢ first hybridsin the world produced
at commercialscale)

A 1969- discovel of the source of cytoplasmic male sterilitefny PET1I(eclercq
and of genresponsiblefor restoringferility (Kinman 1970)

A Firstcommercialhybridsbasedon cmsin Romanial974,andin Yugoslavial978

8k

3

PatricelLeclercq Hybrid sunflower seedproduction basedon cms
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OPENPOLLINATED VARIETIES OR HYBRIDS?

Advantagesof open-pollinated varietiesover hybrids.

8 Largerecologicalplasticity..

8 Simplerandlessexpensivebreedingprocedures shorter developmentcycle
8 Largerdiseaseresistancespectrum

8§ Better economicefficiencyof seedproduction.

8§ Cheaperseedfor planting.

Advantagesof hybridsover open-pollinated varieties.

8 More intenseheterosisfor yield and other important traits

8 Uniformity (maturity, height, resistance(to diseasesherbicide..)seed
qualities).

8 More modernand efficient breeding - trait incorporation.

8 More efficient biotechtransformation.

8 Sunflowerproductdiversification

StoenescuF.(2002)nttps:/mww.isasunflower.org/fileadmin/documents/Symposia/2nd_Symposium_Sunflower_2002/Stoenescu.pdf
The biggest advantage for seed companies:
farmers can't use their own seeds for new planting
But we are also facingvith more difficult seed production
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SEED PRODUCTION OF VARIETIES

In Serbiawe dont grow sunflowervarieties
The cycle lasts 6 years

1. Establishment of lines, selection o000 elite plants with shell % below
25%, oil content above 50%, high weight of 1000 seeds, tick husk graphite
layer...

2. The broodstock for progeny evaluation is sown in-800 selected heads,
usually with the control rows, in parallel the broodstock for checking disease
resistance is sown on the infected board. At the end, the yield is measured ar
mechanical and chemical analyzes are performed.

3. Production of parent seed mixture of reserve seed of selected plants is
sown in isolation 1500 m with strict observance of crop rotation. Atypical and
diseased plants are removed three times.

4. Production of superelite mother seed is multiplied according to the same
principles

5. The production of elite super elite seeds is multiplied according to the
same principles as the previous multiplication

6. The production of the original elite seed is multiplied according to the
same principles as the previous multiplication

New seed categories: prbasic seed, basic seed and C1
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SORTA
PEREDOVIK

ODABRANE ELITNE BILJKE

]

MEHANICKE 1
BIOHEMIJSKE
ANALIZE

W5 5987

TESTIRANJE NA ()ll’()l(\()%l
PREMA BOLESTIMA

MATICNJAK ZA OCENU
VREDNOSTI BILJAKA

Schematic
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diagram
seed production
cycle
In varietal
populations

GENETSKA KONTROLA
CISTOCE U PROSTORNOJ
[ZOLACIJI

MATICNO SEME

KNNKNNKNNKNNKNNEKN

I__,&

SUPER ELITA

ORIGINAL

KOMERCIJALNO SEME 1

MEHANICKE I BIOHEMIJSKE
ANALIZE:

% LJUSKE, MASA 1000 SEME-
NA, HEKTOLITARSKA MASA,
PANCIRNOST, % ULJA,

% PROTEINA

K* - KONTROLA

SMESA REZERVNOG SEMENA
SUPERIORNIH BILJAKA
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BREEDING OF HYBRIDS BASED ON CYTOPLAS
MALE STERILITY

A Made possible by the discover!
of a source of CMS in wild "
sunflower Leclercq 1969)

A The phenomenon of heterosis & xS ,’
(hybrid vigor of the F1 - - o4
generation) is used for practicgsse “‘%’ - T
purposes ,

A It started in Romania and \
Yugoslavia for the first time in &8
the world

A Thefemaleline must have built
in CMS and thaemale linemust Banalogue Aanalogue
haverestorer gen Fertileandsterile analogue
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TYPES OF SUNFLOWER HYBRIDS

Dependingon the numberof inbred lines participatingin one hybrid, there
arethefollowing typesof hybrids

1. Two-line (SC)hybrids (A h Rf)
2. Threeline (TWC) hybrids((A x B1) x Rf)

Fourline (DC) hybrids are not producedin sunflower, becausethe seed
productionprocessis very complicatedand not economicallyjustified. In

addition,in four-line hybrids,the effectof heterosiss reducecand,asarule,
theyarelessproductivethantwo-line andthreeline hybrids

In two-line hybrids, for the productionof hybrid seeds,the cytoplasmic
malesterileform A- of the femaleline andthe maleline-restorerareusedin
acertainrow ratio.

For the productionof threeline hybrids, threelines are used first, the A-
sterileform of oneline is crossedwith the Bl-fertile form of the otherline
and a sterile hybrid is obtained This sterile hybrid is crossedwith the
correspondingestorerline andthusthe hybrid seedof the threeline hybrid
IS obtained

In our country,exclusivelytwo-line sunflowerhybridsaregrown
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MAINTENANCE AND PRODUCTIONEDFALEINES (A X E

A Basedon the evaluationof generaland specialcombining abilities, the best
iInbredlines were selectedor translationinto cytoplasmicmale sterile (CMS)
form or A-form. An inbredline into which CMS is to beintroducedis crossed
with the CMS donorinbredline. In the next generationthe resultinghybrid
plant, which is sterile, is backcrossedvith the recipientinbred line. Further
backcrosseare madein the following years Individual crossingsaremadein
eachgenerationandplantsthataretypical for the respectiverecipientline are
selectedfor the crossings After the completionof backcrosse¢BC6-8) the
iInbredline hastwo forms

cytoplasmiamalesterile
fertile form

Thesetwo forms of oneinbredline are absolutelyidentical in termsof their
morphologicabndgeneticcharacteristicexceptfor the CMS property

Then,individual typical plantsof A andB analoguesre selectedand placed
In the seedmultiplication process The obtained50 plantsof the B analogue
and 200 plants of the sterile analogueare isolated with isolators before
flowering, andthena crossis madewith a mixture of pollenfrom the B plants

Crossingsaaredonemanually

o To o I
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MAINTENANCE AND PRODUCTIONEDALEINESA x B-2

4. The following year, in a spatial
Isolation of at least3 km, 4-10 rows
of A form and2-4 rowsof B form are
sown alternately This i1s how the
femaleline pre-basicseeds obtained

5. The next year, it iIs multiplied again
accordingto the sameprinciple and
the basic seedof the femaleline is
produced The A form will serveasa
motherin the productionof hybrids
andthe B form for the repeatecycle
of basicseedproduction Sterileanalogueflower
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MAINTENANCE AND PRODUCTION OF RF LINE

For the practicaluse of CMS-basedheterosisin the past,inbredlines
with goodgeneralandspecialcombinationabilities werealsotranslated
Into the Rf-form, i.e. the form that possesseshe gene for fertility

restoration However,in modernsunflower breeding,breedersstarted
creating restorer populations that already have this gene in a
homozygousstate The main reasonfor this is thatit turnedout to be
extremely important that these lines, in addition to desirablegood
agronomic characteristicsand good combining abilities, are also
recessivebranched Namely, recessivebranchingallows us to obtain
unbranchedhybrid plants,and the flowering period of the maleline is

extendedo 3-4 weeks

After selectinga suitablerestorerline asa componeniof the hybrid, a
single typical plant is selectedand placedin the seedmultiplication
process The obtained250 plantsof the restorerline are isolatedwith
Isolatorsbeforeflowering andsubjectedo self-fertilization.

Parent(breeder'speedis sownthe following yearin spatialisolationin
orderto obtainpre-basicseed

Thepre-basicseeds sownthefollowing yearin spatialisolation
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SEED PRODUCTION TECHNOLOGY OF PAREN
LINES AND HYBRID SUNFLOWER

Features of the production area
1. -fertile lands
2. - sufficient amount and good distribution of precipitation
3. - moderate climate without extreme temperatures in vegetati
4. -avoid areas at risk due to disease
5. - avoid concentration of production due to risk (1)

Choice ofproducers
1. -choose the best manufacturers
2. -equipped with machinery

3. -the manufacturer must be registered to perfeesd
production
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PROVISION OF SPATIAL ISOLATION

A Sunfloweri anopenpollinatedentomophilouplant
A Spatial isolation enables controlled fertilization
A The problem of small plots and wild sunflowers

A The number of pollen grains per plant can exceed
100 million

A Ineffectiveness of herbicides on wild sunflower

A The size of the requireédolationis also influenced
by the structure of the pollinators present

A In Serbia theminimumisolationis 1.5 km for C1,
and 2 km for productionf basicseedlines)
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| syrfidae
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If spatial isolation is ndibllowed, uncontrolled
fertilization occurs, which is observed in the
following season.
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PLOT SELECTION

A Favorable wateair regime

A Flat plots without depressions

A Plots close to hard roads

A Avoid heavy, cold and acidic soils
A Avoid weedy and infected soils

A Choose a plot where sunflowers have not been grown for
at least 6 years and soybeans and rapeseed for at least 3
years

A Pay attention to herbicides applied to the-qnap (atrazine
on corn...)

A Small grainthe bestpreviouscrop (with soil pest control)
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Characteristics of parental lines that should be
known in order to determine the method of
sowing, row ratio, sowing time, sowing rate,

required number of hives, etc.
A The influence of sowing time and latitude on the length of
vegetation
A Number of days from emergence to flowering
A Flowering length ofemaleandmalelines
A Compatibility of parent components
A Attractiveness to pollinators
A Germination and germination energy
A 1000 seedw/eight
A Percentage of atypical plantsritaleandfemalelines
A Percentage of fertile planits femaleline
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FERTILIZATION AND SOIL CULTIVATION

Lkl
A Basicand presowing soil cultivation, as in e mm—
mercantile production '

A For a yield of 1000 kg/ha of sunflower, it is
40-50 kg N, 1520 kg P205, and 8000 kg
K20. At the same time, through crop = |
residues, sunflower returns-80% N, 30~ Plowingor...
40% P205, and 800% K20 to the soill.

(Crnobaracet al., 1999)

A P and K are introduced in the falland N fgeeess
before sowing, part of it can also be fed infg A
the phase of-B pairs of leaves. Y

A Caution with nitrogen due to excessive
growth

A If necessary, add trace elements (Boron)

o & y’\:“'\ \i
! | {L '/\ N

direct sowind?
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PROTECTION AGAINST PESTS IN SOWING

A Special danger with twphase
sowing

A If there are more than 2
wirewormsper hectare,
treatment is mandatory

A It can be treated over the en
surface, In strips or seed
treatment

A Prevention of bird attacks:

repellents lesuro) or hiring Wi ; Elaterid
hunters iIrewormsdamagé€Elateridag

on sunflowerseedlings
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Weed protection in sowing
weeds problem in vegetation due to competition,
weed seeds must not be present in the seed

A Application of appropriate
herbicides in incorporation or
before emergence

A Due to the sensitivity of the  §
lines, reduce the doses by 20%&5

A Application of herbicides in
vegetation is mostly only for
narrowleaved weeds

A Clearfieldtechnology Pulsar 40
In thelMI crop

A Often necessary hoeing

A Resistancéo tribenuronmetyl
(Express/SUMO)

Weedysunflowercrop
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SOWING

A Time of sowing- when the temperature of the soil at the depth c
the sowing layer has reached @ degrees Celsius

A Sow adastas possible (2 days)

A The ratio offemaleandmalelines in the production of hybrid
seeds is from 8:2 to 14:2, depending on the branching ohale
and the attractiveness of the lines to pollinators. Plan the sowir
time so that thenaleline starts flowering 3 days before tleenale
line

A The ratio offemaleandmalerows in the production of basic seec
from 4:2 to 8:2, sowing both analogues simultaneotisshesown

A The direction of the rows is preferably negbuth

A Sowing depth % cm depending on seed size, sowing time and
guality of soil preparation

A Row spacing 70 cm (Argentina 50 cm), betweelerowsif
necessary morefor easier destruction after flowering

A Optimumcropdensitygenerally 5560000 plants/ha



% Student Training Course
.,-....p-..-: Classical and Modern Approaches in Crop Breeding
22-26 September 2025, IFVCNS, Novi Sad, Serbia

THE FIGHT AGAINST WEEDS

Narrowleaved weeds are no longer a problem
Broadleaf weeds are still a lpgoblem




|
ual Gold 960EC 1,4-1,5 Liha
4
Racer 25-EC 1,5-2 L/ha

Y

' “Forconventionalhybrids

R ap Afasrstecm=2ha
ili

After sowing
after sowing before

Incorporationbefore emeraence
sowing d

~




HYBRIDS TOLERANT TO HERBICIDES

IMAZAMOX | B TRIBENURGMETIL
(Pulsar® 4@nd Passat®) . (Express® 50 SX)
(PulsarPlus®) =

&y Clearfield

§ Production System

€@§ Clearfield Plus

S Production System
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SUNFLOWER DISEASES

i o
X

p 7e
P 3
gD

Sclerotinia
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DISEASE CONTROL MEASURES

A The most important measure is crop rotat

A 2-3 treatments in vegetation, the first in th
phase of % pairs of leaves, the secondin. =
budding, the third after flowering

A Best with tractor sprayers, it can also be ¢
by plane

A Combinations of systemic atbtricide® po not treat in floweringstage!
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OTHER CROP CARE MEASURES

A At least two intefrow cultivations, one at the
stage of 34 pairs of leaves, the other at the stage
of 6-7 pairs of leaves

A It is best to fight againgiroomrapeby growing
resistant hybrids or hybrids resistant to herbicides
from theimidazolinonegroup Clearfieldsysten).

A Irrigation in theemergencyhase (if necessary,
due to the coincidence in flowering), in the bud
phase (t@ethighernectamproductior). Do not
water too often in order to develop ttkeeproots
and not to provoke the development of diseases

A Hand hoeing
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POLLINATION AND FERTILIZATION

A Sunflower is arentomophilous
plant

A Sunflower pollen is heawy
only 4% of wind fertilization

A Bees are the main pollinator i
Europe

A Pollinators necessary for the
transfer of pollen fronmaleto
femalein both F1 andyasic
seed production

A Without pollinators, yields
decrease by over 90%
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SUNFLOWER POLLINATION

A Sunflower is ampenpollinated
entomophilousplant

A In the production of sunflowers
without pollinators, the yield can be
drastically reduced

more than30years ago, to provide
pollinators with financial
compensation

A Bees are brought no later than®days
before flowering

A At least2-3 odayeven4) hives/ha

A Bees should be protected, avoid all
treatments during the flowering
period!!
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8=/ |The attractiveness of sunflowers to bees

The color I
of the flower Aroma

sense of sight

sense of smell

Pollen Nectar

Pollination - Higher yields N




The color of the flower
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