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WHAT IS PLANT PROPAGATION ?

Plant Propagation ;
üis the processof creatingnewplantsfrom a varietyof 
sourcessuchas seeds, cuttings, andotherplantparts.

üis multiplyingplantsandpreservingtheir unique
characteristicsbysexualandasexualmethods.

üis definedas multiplicationof plantsbyboth sexualand
asexualmeans.

ücan alsorefer to the naturalor artificialdispersalof plants.

üis an art andscienceof re-producingplants; requires
knowledge, skill, andpractice.

üPropagationmethodsarebroadlyclassifiedas sexual(seed, 
generative) andasexual(vegetative).



1. LEARNING FROM NATURE
REPRODUCTION FROM SEEDS

×Sexualreproductionalwaysremainsthe mostimportantmethodof propagationfor
manyplants.

×Sexualreproductioncan giveriseto botaniacalsubspeciesor varieties, whose
characteristicsdeviateto somedegreefrom their parents. Thisis mostmarkedin 
mountainousareaswheresomeplantsareisolatedon a valleyfloor or alpinepeak
from the morewidespreadspecies.

×Geographicalisolationcan alsoresultin endemismmeansa specieslimitedto one
locality.

× In the wild, plantsdispersehundredsor evenmillionsof seedsin orderthat a few
seedlingsmightsurviveto maturity.

×Humankindhas alsobenefitedfrom the geneticdiversityof seeds, selectingforms
that mayhavediedout in the wild anddevelopingfrom themnewplantswith great
valuein cultivation.



Originsof CultivatedPlantsςN. Vavilov



EndemicSpecies
CryingTulip-¢ǸǊƪƛȅŜ Flowerof Love-¢ǸǊƪƛȅŜPlantsof Altai Mountains



/hb¢Lb¦95Χ
VEGETATIVE REPRODUCTION

×Nature has overcomethe limitationsof seedsbyadopting
asexualreproductionalso, producingoffspring(clones) that are
geneticallyidenticalto the parent.

×Plantshavemanywaysof increasingvegetativelyfrom
modifiedrootsor stems.

×Someplantscan regenerateshootsor rootsfrom growthtissue
to producenewplants(runnersor layers), othersfrom
specializedorgans, includingstemtubers(potatoes), corms
(crocuses), andpseudobulbs(Cymbidiumorchids).

×Vegetativereproductionallowssomeplantsto colonizean area
morerapidlythanbyseeds(e.g. Bermuda grassςCynodondactylon).

×Gardenershaveadaptednaturalvegetativeor clonal
reproductionto obtainplantsthat arealwaystrue to parent.

×Clonalpropagationscarriessomedangers. Geneticallyidentical
plantscarrythe samesusceptibilityto diseasesandpests(e.g. 
Dutchelmdiseasein English elmsin 1960-1970).

Natural Grafting



2.PROPAGATION IN THE PAST
ORIGINS OF PROPAGATION BY SEED

×Thecultivationandpropagationof plantsbeganwhenhumantribesabandonedtheir
nomadic(migrant), hunter-gathererwayof life to livein settledcommunities.

×Thischangeis often referredas o AgriculturalRevolution, mainlythe resultof a 
remarkableaccidentthat ledto the developmentof breadwheat.

×Thisbiologicalmiracletookplacein about8.000 BC in the MiddleEast that wasthe
triggerfor the adventof farming.

×Ancient civilizationsthroughoutthe World grewa widerangeof foodcrops, including
grainsfrom seeds.

× In GreekandRoman times, writersrecordedcurrentmethodsof propagationin 
somedetails.

×Olives, datepalms, andcypressesweregrownfrom seedsas wellas other food
plantssuchas cabbages, turnips, lettuces, andherbs.

×Greekssoakedseedsin milkor honeyto situmulategermination.
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ORIGINS OF VEGETATIVE PROPAGATION

×Propagationfrom cuttingsbeganwhenrootedshootsor suckersweredetachedandreplanted.

×MiddleEast settlersdiscoveredhow to propagatesuperiorformsof grapes, olives, andfigs.

×By2.000 BC, graftingfairlycommonin Greece, MiddleEast, Egypt, andChina. Theearliestform 
of graftingwasprobablyapproachgrafting.

×TheRomans wereamongthe first to practicedetachedsciongrafting.

×Othernaturalvegetativereproductionmethodswereexploitedbypropagatingfrom food-storage
organssuchas bulbs, tubers, andrhizomes. Plantsincreasedin thiswayincludedonionandgarlic
(Mediterranean), sugarcane(TropicalAfrica), banana (IndiaandIndonesia), potatoandpineapple(South 
America), andbamboo(Asia).

×Simple layeringwasadaptedfrom naturallayeringof wild plants.

×Romans werelayeringgrapesin the 1st centuryBC.

×Air layeringprobablybeganto be used4.000 yearsagoin China.
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VICTORIAN ERA (1837-1901) INFLUENCES

×A wealthof newandexcitingplantswerediscoveredandtradedin the 18th and19th centuriesin 
the western world.

×Victorianswereveryintentivein both the constructionanddesign. Theirmethodsof controlling
temperatureandlevelsof lightandhumidityin the growingenvironmentof the glasshousewere
impressivelycomplex.

×Thepropagationequipmentthat wasavailableto Victoriangardenerswasfairlyprimitive
comparedto modern advances, but their ideasstill form the basisof ǘƻŘŀȅΩǎtechnology.

×Theyusedcoldframesandhot bedsto controltemperatureandhumidity.

×Belljarswereeffectivefor raisingsmallquantitiesof plantsfrom seeds, stemor root cuttings, 
andevengraftedplants.

×Towardsthe endof 19th century, gardenerssplit the baseof a cuttingandplaceda wheatgrain
inside the splitbeforeinsertingthe cuttingin soilmix. As the wheatseedabsorbedwaterand
beganto germinate, releasedgrowth-promotingsubstanceshelpedthe cuttingroot moreeasily.

×Thispracticebecameobsolete(old-fashioned) after1940 with the introductionof synthetic
rootinghormones, auxins.



3.MODERN PROPAGATION
MIST PROPAGATION

ÁTheintermittent mistpropagationsystemwas
designedin 1950s for rootingstemcuttings.

ÁTheunit providesbottom heatingto promote
rooting, andconstantregulatedhumidityto
keepthe cuttingsmoistandcool.

ÁToday, insteadof a soilthermostat, digital
sensorsspacedevenlythroughthe bedand
linkedto a centralsystemareoften used.

ÁMist propagationis widelyusedin commercial
propagationandis usefulfor gardeners.
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PLASTIC FILM

ÁAnotherdevelopmentof the 1950s wasplasticfilm.

ÁCuttingsareprovidedwith bottom heatandthe plasticfilm 
(a sheetof clearplastic) is drapedoverthemin orderto
createa sealedenvironmentwhichmaintainhighhumidity
aroundthe top of cuttings.

ÁThissystemis easilyadoptedbygardeners, althoughrotting
can be a problem in cooltemperatures.

ÁPlasticfilm can alsobe usedwith coldframesto warmsoil
beforecuttingsor seedsareinsertedandthento covernew
plantsin the frame.

FOG PROPAGATION

ÁOneof the main developmentsin the mid-1980s wasfog
propagation, whichprovidesa muchsmallerwaterdroplets
thanmist-propagation, sothat the air remainsmoistfor a 
muchlongerperiod.

ÁThissystemalsoavoidswettingthe foliage, as in mist
propagation.

ÁIt is ideal for cuttingsor seedlingsthat areproneto rotting. 

PlasticFilm in the Greenhouse

Fogging
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SEED TREATMENTS

ÁSeedprimingexploitsthe naturalabilityof someseedsto
interrupt developmentif soilconditionsareunfavorable.

ÁIt improvesspeedanduniformityof germination.

ÁTimingof the treatmentis critical. True germinationdoesnot 
ocur until seedsowing.

ÁIn commerce, seedsaregerminatedor scarified, until the radicle
emerges, thenpacked, andsent out for immediatesowing.

ÁScarificationis veryuseful for hard-coatedseeds, especiallyfor
vegetables.

ÁPelletedseedsarecoatedwith an inert material, suchas 
polymer, that splitsor softenson contactwith water. Coatingmay
containfungicides, nutrients, anda fluorescentdye.

ÁThepelletmakessowingeasier, particularlysmallseeds, thus
reducinglosses.

SeedScarification

SeedPelleting
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MICROPROPAGATION

ÁThistechnique, developedin the 1960s, is usedto propagatehugenumberof plantsfrom a 
smallamountof material.

ÁIt enablesplantsthat aredifficult-to-propagatebytraditionalmethods, newcultivars, andvirus-
freestocksof horticulturalcrops.

ÁMicropropagationusuallyinvolvesgrowingpiecesof planttissuein vitro in sterile laboratory
conditionswhichis possiblebecauseof the abilityof mostplantsto regeneratefrom a singlecell.

ÁTissuefrom the shoot-tip meristem is mostoftenused. But root tips, calluses(form on wounds), 
anthers, flowerbuds, leaves, seeds, or fruitsmayalsoprovidesuitabletissue.

ÁTemperature, light, nutrients, andhormonesareregulatedin specificallydesignedgrowing
rooms.

ÁTheresulting(acclimated) plantsaregrownin greenhouseconditions.

ÁVirusesandothersystemicdiseasesrarelypenetrategrowingtips, somicropropagatedplants
arenormallydisease-free.
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THE FUTURE OF PROPAGATION - GENETIC ENGINEERING

ÁForeigngeneswith known, desirablecharacteristicsaretranferredinto anotherplantcell.

ÁThistechnologyinvolvesmolecularbiology, andverycomplex.

ÁAn averageplanthas 20.000 differentgenes, of whichtheremaybe fivemillioncopiesin a single
cell, sodeterminingwhichgene is responsiblefor whichcharacteristicscan be difficult.

ÁGene transfer operationdemandsspecialtechniques.

ÁThefinished(GeneticallyModified) cellis micropropagatedto producea stockplantfor
propagation.

ÁGeneticengineeringhas a greatpotentialto enhancethe usefulnessof existingplantsandto
createnewones.

ÁCurrentworksareaimedat improvingresistanceof cropsto diseases, pests, andabiotic
stressorssuchas cold, drought, salinityas wellas cropyieldandquality.

ÁGMOsarestill bannedin manycountriesof EU, Asia, Africa, evenin America.
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THE FUTURE OF PROPAGATION - ARTIFICIAL SEEDS (SOMATIC EMBRYOGENESIS)

ÁNaturallyfertilizedseedscontaingenesfrom two parents, but the two seedsarenot identical.

ÁNowadays, it is possibleto createartificialseeds(somaticembryos) from vegetativetissue.

ÁThistechnologyinvolvesisolatingembryosandgivingthema syntheticcoating.

ÁBythisway, vastnumbersof geneticallyuniformseedscan be producedwhichgiveriseto geneticallyidenticalplants.

ÁNo endosperm or seed coat is formed around asomatic embryo.
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THE FUTURE OF PROPAGATION - MICROGRAFTING

ÁIn micrografting, verysmallpiecesof differentplant
tissuesareusedto producedisease, andvirus-freeplants, 
or motherplantsespeciallyfor fruit trees& grapevines.

ÁAs a first step, seedlingrootstocksareraisedin sterile 
conditions.

ÁWhena seedlingreachesthe first true leafstage, it is 
micrograftedwith the tiny, virus-freemeristem tip of 
desiredplant.

ÁAfteraboutsix-monthgrowingin controlledconditions, 
micro-graftedplantsarereadyfor normal planting.

ÁVirus-free, micropropagatedclonalrootstocksmayalso
be usedto avoidthe geneticvariabilitythat can ocur with
seedlingrootstocksin fruit tree andgrapevinemicrografts.



PROPAGATION METHODS



4.
SEXUAL REPRODUCTION
(PROPAGATION BY SEED)



What is Sexual(Seed) Propagation?
üSexualpropagationis the raisingof plantsbymeansof seedwhichis formeddueto the
fusionof maleandfemalegameteswithin the ovuleof a flower. Plantsthat areproduced
from seedsarecalledseedlings.

üProducingplantsfrom seedsis the mostimportantpropagationmethodfor agronomic, 
forestry, vegetable, andfloweringbeddingplants. 

üThesemethodsvaryfrom fieldseedingoperationsto verysophisticatedgreenhouse
tansplantproductionsystems. 

üVegetablesmaybe startedbydirectfieldseedingor from transplants. 

üFloweringbeddingplantsandherbaceousperennialsarestartedprimarilyas transplants
grownin smalltransplantcontainerscalledplugs. 

üWoodyseedlingsareusuallystartedfrom field transplantbedsat closespacingto
producebare-root linersfor nurseryproductionor understocksfor grafting.

üSeedlingpropagationinvolvescarefulmanagementof germinationconditionsand
knowledgeof the requirementsof individualkindsof seeds.



PollinationςFertilizationςSeedFormation



What is aSeed?

Seed : A matured ovule 
containing an embryothat is 
usually the result ofsexual 
fertilization.

Every dicot seed consists of :

×An embryo

×Storage tissue (cotyledons & 
endosperm)

×Outer covering (seed coat & 
pericarp)



SeedGermination



TwoTypesof SeedGermination





Monocot & Dicot  Examples

ÁMonocots: asparagus, bamboos, bananas, barley, 
coconuts, ginger (zencefil), grasses, leeks, lilies, maize, millet , 
oat, onions, orchids, palm trees, pineapples, rice, rye, 
sorghum, sugarcane, tulips, wheat (bread)

ÁDicots: apples, asters, banyan, beans, cacti, daisies, 
grapevines, lemon, lentils, magnolias, mango, maples, oak, 
papaya, peanuts, peas, potato, roses, soybean, strawberry, 
sunflower, tomatoes



Sourcesof Woody Plant Seeds
1. Seed Exchanges 

Arboreta and plant societies have seed changes or provide   
small amounts of specialty seeds.

2. Seed Collecting 

Individual nurseries may collect and use tree & shrub seeds.

3. Seed Orchards 

Established and used by nurseries in obtaining rootstock seeds.

4. Fruit -Processing Industries

ÅRootstock seeds were obtained as by products of canneries, 
cider presses &  dry yards (kiler).



Handling Procedures of Seeds

DryFruits(Nut Fruits)
VDrying

VExtraction (removingthehard shell) 

VSeedconditioning (cleaning) 

FleshyFruits

VMaceration (softening of seed coat by soaking)

VFermentation or acid treatments

VFlotation

VDrying



SeedLongevity

Short-LivedSeeds

Certain Spring 

Ripening Temperate-

Zone Fruits

Poplar P̈͂opulusԋ 

Maple Ä͂cer̈͂

Willow S̈͂alixԋ

Elm Ü͂lmus̈͂

Many Tropical Plants

Avocado, Citrus, Cocoa, 

Coffee, Loquat, Mango, 

Palms, Tea

Many Tree Nut & 

Similar Species with 

Large Cotyledons

BeechԋFagus῁

Birch B̈͂etulä͂

Buckeyë͂Aesculus̈͂

Chestnuẗ͂ Castaneä͂, Hazel 

C̈͂orylusԋ, Pecan̈͂Karyä͂ , 

Oak Q̈͂uercusԋ,

WalnutԋJuglans῁

Orthodox (Conventional) Seeds

Medium-Lived Seeds

Fruit Trees, Conifers
(Remain viable 2-3, perhaps   

15 years when stored at low 

humidity, low temperature)

Long-LivedSeeds

Legumes, Geranium, 

Morning Glory
(Have hard seed coats that 

impermeable to water.

Maximum life is 75-100 

years, perhapsmore).



Viability Determination for Seeds
1. Standard Germination Test of 

viability

Tree and shrub seeds often require 

special pre-germination treatments

2. Excised Embryo Test Usedfor woody shrubs and trees 

whose dormant embryos require long 

treatment periods to break dormancy

3. Tetrazolium Test   A biochemical method of viability 

determined by the red color 

appearence when seeds are soaked in a 

2,3,5 triphenyltetrazolium chloride 

solution

4. X-ray Analysis X-ray photographs of seeds can be 

used as a rapid test for seed soundness



Seed Dormancy

Dormancy is a condition where seeds will not 
germinate even when the environmental conditions 
(water, temperature, light and aeration) are permissive for 
germination.

ÅSeeds of many tree & shrub species require specific 
treatments to overcome dormancy.



Types of Seed Dormancy
PrimaryDormancy
Exogenous Dormancy: Hard seed 
coat of many  woody legumes becomes 
impervious to water, or chemicals that 
accumulate in fruit & seed covering 
tissues of fleshy fruits of citrus, nuts, 
stone fruits, apples, pears, grapes can 
strongly inhibit seed germination.

ÅEndogenous Dormancy: Controlled
by interactive effectsof hormonessuch
as GAs and ABA with in the embryo 
mainly called as Physiological 
Dormancy that is characterized by a  
requirement for one to three months (or 
more) of chilling at 1-7 Á for the seeds 
of trees & shrubs.

SecondaryDormancy
ÅIf seeds fail to germinate after 
primary dormancy is broken, this is 

called Secondary Dormancy.

ÅThis type of dormancy may be 
concluded by the reasons of low or
high temperatures, prolonged light & 
darkness, water stress or anoxia.



SeedTreatments to Improve Germination

1. Seed Protectants
VChemical treatments

VThermotherapy (hot wateror hot air treatmentsto eliminatediseases)

VBiocontrol by beneficial microorganisms

2. Seed Coating
VPelleting

VPolymer film coating

3. Germination Enhancement
VSeed sizing

VSeedpriming (a low-cost technique of soaking seeds in a solution containing Zn (or other 
micronutrients) for a specified time)

VPre-germination



Advantages& Disadvantagesof PropagationbySeed
Advantages

1. Easiest and least expensive method.

2. Seedlingplants (seedlings) are hardier and 
have longer life span.

3. Plants which are difficult to propagate by 
vegetative methods can only be propagated 
by seed (e.g. papaya, coconut, phalsa-a beverage fruit of 
India).

4. Fruit rootstocks are usually obtained by 
means of seed propagation.

5. Seedlings are more resistant to pests & 
diseases.

6. Large number of plants can be produced 
at a certain time by this method.

7. Polyembryonic varieties can be 
propagated by seed (e.g.nucellar embryonic 
oranges).

Disadvantages

1. Seedlings will take more time to bear 
fruits ( late bearing).

2. Fruit quality of existing plants can not 
be improved by sexual propagation.

3. Plants propagated by seed are usually 
large in size, thus the cost of manuring, 
pruning and spraying increases.

4. There is no assurance about genetic 
purity of the offsprings or seedlings.



Seedling Production Systems

Field Seeding

ÅRelatively low density in the location 
where plants  are to remain during 
the production cycle. 

ÅExamples are agronomic (field) crops, 
lawn grasses, many vegetable crops, 
some woody perennials.

Field NurseriesFor
Transplant Production

ÅSeedsare planted closely in beds 
for growing transplants of conifers, 
decidious plants for forestry, 
ornamentals, and to provide 
rootstock seedlings for some fruit & 
nut tree species.



Seedling(Transplant) ProductionSystems



Field Seeding for    
Reforestation or 
Naturalizing

ÅField seeding of forest trees is 
accomplished in reforestation 
either natural seed dissemination 
or sowing.

ÅMajor problem is very heavy 
losses of seeds and young plants 
resulted from predation by 
insects, birds, and animals, 
drying, hot weather, and diseases.

ÅSeeds should be coated with a bird 
and rodent repellent.



5.
ASEXUAL (VEGETATIVE) PROPAGATION



What is Asexual(Vegetative) Propagation?

üis the creationanddevelopmentof aplantbyasexualmeans. Thisdevelopment
occursas a resultof fragmentationandregenerationof a plantpart or bygrowth
from specializedvegetativeplantparts.

ürefersto the processof plantreproductionwherebya fragmentof a parentplant
is takenin orderto producemoreplants(clones). Thesefragments, knownas 
cuttings, areableto form root andgrowinto full plants. 

üis a form of asexualreproductionof a plant. Onlyoneplantis involvedandthe
offspringis the resultof oneparent. Thenewplantisgeneticallyidenticalto the
parent.

üis a methodcreatingnewplantsfrom the roots, stems, leaves, specialized
organsof a gardener'shealthiest, highest-yieldingplant, commonlyreferredto as 
the motherplant.

ücan reproducenewplantsnaturally, or artificiallyinduced.

üis referredto simplyas cloningor clonalpropagation.

https://www.thoughtco.com/parts-of-a-flowering-plant-373607


Typesof Asexual(Vegetative) Propagation

NATURAL

Bulbs

Corms

Rhizomes

Runners

Tubers

ARTIFICIAL

Cutting

Grafting

Layering

Suckering

Tissue
Culture



Reasonsfor Using Vegetative Propagation
1. Convenience and Ease of Propagation

üSomespecies of woody perennials can be propagated more easily,  
conveniently, economically by vegetative methods than by seed.

2. Selection and Maintenance of Cultivars/Clones

üIt is important for most woody perennials that are highly heterozygous in 
fixing genetic variation.

3. Combination of More Than One Genotype into a Single Plant

üMost fruit orchards are combinations of a seedling or clonal rootstocks with 
cultivars, grape cultivars must also be grafted onto phylloxera-resistant 
rootstocks.

4. Shortening the Time of ReproductiveMaturity (Juvenility )

üVegetatively propagated fruit & nut cultivars will flower at a younger age than 
seedlings.





PropagationbyCutting



Anatomical and Physiological Basis of 
Propagation by Cutting

ÅTotipotency

Each living cell contains the genetic information necessary 
for  reconstitution of all plant parts and functions.

ÅDedifferentiation

Capability of previously developed, differentiated cells 
return to a meristematic condition and develop a new 
growing point.



Adventitious Root Formation

Origin Genera

Cambium & Rays Vitis, Ficus,Malus,

Camellia,Plum,

Pistacia

Buds & Leaf Gaps Malus, Rosa,

Pinus

External Callus Abies, Cedrus, 

Pinus, Citrus



Polarity
Stem cuttings alwaysform shoots at the distal end (nearest the shoot tip), form 
roots at the proximal end (nearest the crown), 

Root cuttingsalways form shoots at the proximal end, and form roots at the 
distal end.

Changing the position of cuttings (stem or root) does not alter this tendency.



Types of Cuttings

1. Stem Cuttings: Hardwood, Semi-Hardwood, Softwood

2. Herbaceous Cuttings: Leaf, Leaf-Bud

3. Root Cuttings



1. Stem Cuttings
1.1 Hardwood Cuttings

üMostly prepared from matured previous seasonôs 
hardwood in dormant season from decidious woody 
perennials.

üMany ornamental shrubs such as Ligustrum, Forsythia, 
Wisteria, Honey Suckle, Salix, Populus, Cornus, Spirea, 
Rose Rootstocks,

üSome fruit species such as Olive, Fig, Quince, Mulberry, 
Pomegranate, Currant, Some Plums and Grapes can easily 
be propagated by hardwood stemcuttings.





1. Stem Cuttings
1.2Semi-Hardwood  Cuttings

1. Taken from woody, broad-leaved 
evergreen, and leafy summer and 
early fall cuttings of decidious plants 
with partially matured wood.

2. Many broad-leaved evergreen 
shrubs such as Camellia (¢ay), Rose,
Pittosporum (Yēldēz¢alēsē), Azalea 
(A­elya), Euonymus (Taflan), Holly (¢oban 
P¿sk¿l¿), Rhododendron (Ormang¿l¿), 
Fuchsia(K¿pe), Gardeniaand a few 
fruit species such as Olive & Citrus
can be propagated by semi-
hardwood cuttings (7,5-15 cm long).



1. Stem Cuttings 
1.3 Softwood Cuttings

Prepared from soft, succulent, 
new spring growth of decidious 
or evergreen species.

Many ornamental shrubs such 
as Lilac (Leylak), Forsythia (Altēn 
¢anaĵē), Magnolia (Manolya), 
Weigelia (Gelin Tacē), Spireae (Ke­i 
Sakalē), Myrtus (Mersin), 
Pyracantha (Ateĸ Dikeni), Oleander 
(Zakkum) can be propagated by 
softwood cuttings.



2. Herbaceous Cuttings 
2.1. Leaf Cuttings

Leaf cuttings consist of 
leaf blade or leaf blade & 
petiole.

Sansevieria (Paĸa kēlēcē), 
Dieffenbachia, Begonia, 
African Violet can be 
started by leaf cuttings.



2. Herbaceous Cuttings 
2.2  Leaf-Bud Cuttings
Consist of a leaf blade, 
petiole and a short piece of 
the stem with the attached 
auxillary bud.

Black Raspberry, 
Blackberry, Lemon, 
Camellia, Maple and 
Rhododendronare readily 
started by leaf-bud 
cuttings.



Root Cuttings
1. Prepared from root pieces of 
young stock plants in late winter 
or early spring.

2. It is important with root 
cuttings to maintain the correct 
polarity when planting. 
Proximal end (nearest the crown of 

the plant) should always be up.

3. Kiwifruit, Silk Tree, Daphne, 
Fig, Forsythia, White Poplar, 
Sumac, Rose, Blackberry, 
Raspberry, Lilac, Ulmus can 
easily be propagated by root 
cuttings.



PropagationbyGrafting& Budding



Terminology
Grafting (Aĸēlama) is the art of connecting two pieces of living plant tissue together in such a manner that 
they will unite and subsequently grow and develop as one plant.

Budding (Gºz aĸēsē) is similar to grafting except that the scion is reduced in size to usually contain only 
one bud.

Scion (Kalem) is the short piece of detached shoot containing several dormant buds when united with the 
stock, comprises the upper portion of the graft.

Stock (rootstock, understock)(Ana­) is the lower portion of the graft, which develops into the root 
system.

Interstock (intermediate, interstem)(Ara ana­) is a piece of stem inserted by means of two graft 
unions between the scion and the rootstock used for avoiding an incompatibility to make use of a winter-
hardy trunk or to take advantage of its growth-controlling properties.

Vascular Cambium(Ķletim kambiyumu)is a thin tissue of the plant located between the bark (Floem) and 
the wood (xylem). Its cells are meristematic that are capable of dividing and forming new cells. For a 
successful graft union, it is essential that cambium of the scion should be in close contact with the 
cambium of the stock.

Callus (Yara dokusu) is mass of parenchyma cells that develops from and around wounded plant tissues.



Reasons for Grafting & Budding

1. Perpetuating cultivars/clones that can not be propagated (maintained) by 
cuttings, layers, division or other asexual methods.

2. Obtaining the benefits of certain rootstocks.

3. Changing cultivars of established plantations (topworking ).

4. Hastening the reproductive maturity of seedling selections in 
hybridization programs (breeding ).

5. Obtaining special forms of plant growth (tree roses, weeping cherries).

6. Repairing damaged parts of the trees (bridge grafting, inarching ).

7. Detecting virus diseases ( indexing ).



Benefitsof Topworking

1. An undesirablecultivar can be changedby grafting a preferred cultivar
to the branches.

2. Cultivars that lack hardinessor havepoor crotches(narrow angled) can be 
mademore durable by topworking them on hardy, strong-crotchedapple
cultivars suchas Hibernal, Virginia, or Columbia Crab.

3. Pollinator cultivars can be grown much soonerby topworking than by
planting young treesor vines.

4. New cultivars can be brought into bearing in 2 or 3 yearsif topworked
on stock of bearing age.

5. Interesting noveltiescan be developedby grafting severalcultivars on 
onetree or vine.



GeneticLimits of Grafting & Budding in Woody Perennials

Within a Clone/CultivarŸSuccessful

BetweenClones& CultivarsWithin a SpeciesŸSuccessful

BetweenSpecies Within a GenusŸSuccessfulin some cases

ÅMostspecies in genusVitis, Citrus, andPrunus in which Almond, Apricot, European 
Plum, Japanese Plum-all different species-are grafted onto Peach); but, on the other 
hand, Almond and Apricot, both in the same genus, can not be intergrafted successfully.

BetweenGenera within a FamilyŸA successful union is remote.

Successful combinations: Trifoliate Orange (Poncirus trifoliate) is used commercially as a 
dwarfing and a cold-tolerant stock for Orange(Citrus sinensis); Quince(Cydonia 
oblonga) has long been used as a dwarfing rootstock for certain Pear(Pyrus communis) 
cultivars.

BetweenFamiliesŸDefinetely unsuccessful in woody perennials.



Grafting & Budding Tools





Grafting Techniques



When to Graft?
× It is best to graft in the spring when the buds of the 
rootstock are just starting to open, until blossomtime 
providing that the useof dormant scions.

×Grafts can also be performed during the winter or early 
spring while both scion and rootstock are still dormant.

× It would be best to have the scion wood still dormant at 
the time of grafting.

×To have dormant scion wood, they should be collected 
reasonably before grafting operation, and kept in 
refrigerator wrapped in a moist substrate such as perlite, 
peat moss or sawdust.



1. Cleft Grafting

×Oneof the simplest and most popular forms of 
grafting for top working fruit trees, grapevines, 
woody ornamentals.

×Rootstocksshould range from2,5-10 cm in diameter, 
scion should be about 6 mm in diameter.

×Scionsshould have 1-2 buds in grapevines, at least 3 
buds  in fruit trees and woody ornamentals.



How to Make Cleft Grafting?
(Preparing theRootstock)

The stock should be sawedoff with a clean, 
smoothcut perpendicular (vertical) to the main 
axisof the stemto be grafted. 

Using a clefting tool wedgeand a mallet, make
a split or " cleft" through the centerof the
stockand down 5-7 cm. 

Removethe clefting tool wedgeand drive the
pick endof the tool into the centerof the
newly madecleft sothat the stock can be held
openwhile inserting the scion.



How to Make Cleft Grafting?
(Preparing andInserting theScion, SecuringtheGraft )

Preparing the Scion: Onescionis usually insertedat each
endof the cleft, soprepare two scionsfor eachgraft . Select 
scionsthat haveoneto four goodbudsdependingon the
species. Using a sharp, cleangrafting knife, start near the
baseof the lowestbud and make two opposingsmooth-
taperedcuts2,5-5 cm long toward the basalendof the scion. 
Cut the sidewith the lowestbud slightly thicker than the
oppositeside. Be sure the basalendof the sciongradually
tapersoff (sivriltme) alongboth sides.

Inserting the Scion: Insert a scionon eachendof the cleft, 
with the wider sideof the wedgefacing outward. The
cambium of eachscionshouldcontact the cambium of the
rootstock.

Securingthe Graft : Removethe clefting tool from the
cleft sothat the rootstock can close. Pressurefrom the
rootstock will hold the scionsin place. Thoroughly sealall cut
surfaceswith grafting wax or grafting paint to keepout
water and prevent drying. If both scionsin the cleft " take," 
onewill usually grow more rapidly than the other. After the
first growing season, choosethe stronger scionand prune out
the weaker.







2. Bark Grafting
Bark grafting:  Used primarily to top work of flowering and fruiting trees. In contrast to 
cleft grafting, this technique can be applied to rootstock of larger diameter (10-15 cm) and is 
done during early spring when the bark slips easily from the wood but before major sap flow. 
The rootstock is severed with a sharp saw, leaving a clean cut as with cleft grafting.

Preparing the Stock: Start at the cut surface of the rootstock and make a vertical slit 
through the bark where each scion can be inserted (5 cm long and spaced 2,5 cm apart).

Preparing the Scion: Since multiple scions are usually inserted around the cut surface of 
the rootstock, prepare several scions for each graft. Cut the base of each scion to a 4-5 cm 
tapered wedge on one side only.

Inserting the Scion: Loosen the bark slightly and insert the scion so that the wedge-
shaped tapered surface of the scion is against the exposed wood under the flap of bark. Push 
the scion firmly down into place behind the flap of bark, replace the bark flap, and nail the 
scion in place by driving one or two wire brads through the bark and scion into the 
rootstock. Insert a scion every 7,5-10 cm around the cut perimeter of the rootstock 

Securing the Graft: Seal all exposed surfaces with grafting wax or grafting paint. Once 
the scions have begun to grow, leave only the most vigorous one on each stub; prune out all 
the others. Bark grafts tend to form weak unions and therefore usually require staking or 
support during the first few years.





How to MakeBark Grafting?



How to Make SpliceGrafting?

Preparing the Stock and Scion: 
Cut off the rootstock using a 
diagonal cut 2-2,5 cm long. 
Make the sametype of cut at the
baseof the scion.

Inserting the Scion: Fit the scion
to the stock. Wrap this junction
securelywith a rubber grafting
strip or any kind of proper
wrapping material.

Securingthe Graft : Sealthe
junction with grafting wax or
grafting paint. Water rootstock
sparingly (economically) until the
graft heals. Over watering may
causesap to drown (boĵulma) the
scion. Be sure to removethe
twine (ip) or strip as soonas the
graft has healed.

SpliceGraftingin Avocado WhipGrafting



3. SpliceGrafting
ÅThis method is usedto join a scion onto the stem of a rootstock or onto an 
intact rootpiece. 

ÅThis simple method is usually applied to herbaceous materials that callusor
heal easily, or it is used on plants with a stemdiameter of 1,25 cm or less. 

ÅIn splice grafting, both the stock and scion must be of the same diameter.

Preparing the Stock and Scion: Cut off the rootstock using a diagonal cut2-
2,5 cm long. Make the same type of cut at the base of the scion.

Inserting the Scion: Fit the scion to the stock. Wrap this junction securely 
with a rubber grafting strip or any kind of proper wrapping material.

Securing the Graft: Seal the junction with grafting wax or grafting paint. 
Water rootstock sparingly (economically) until the graft heals. Over watering may 
cause sap to drown (boĵulma) the scion. Be sure to remove the twine (ip) or strip 
as soon as the graft has healed.



Budding Techniques



Advantages of Budding with Regard to Grafting
1. Can be performed more rapidly.

2. Percentage of successful unions (especially in T-budding) is much higher.

3. Can be performed to young and thin stems or branches even at 3 mm in 
diameter.

4. Topworking young trees by top-budding (framework) is highly successful.

5. Budding techniques are simple and can be performed easily by the 
amateurs.

6. Budding makes more economical use of propagating wood than grafting.

7. Can be performed in three periodsof the year (spring, summer, fall ).



Time of Budding
Spring Budding: Ideal period is the beginning of active growth of rootstock when 
bark seperates easily from the wood. Bud wood must be collected while it is still 
dormant. Budding should be done just as soon as the bark of rootstock slips easily. 
About 2 weeks after budding, when the bud unions healed, top of the stock must be cut 
off above the bud to force the bud into active growth.

June (Summer) Budding : Used to obtain a one-year-old budded-tree in a single 
growing season. As a method of nursery propagation is confined to regions having long 
growing season. It is mostly used for stone fruits such as cherries, peaches & 
nectarines, apricots, almonds and plums. Budding is usually done T-Bud with wood-
out. 10-15 days after budding, rootstock can be cut back just above the bud. When the 
shoot from inserted bud has grown about 25 cm long, all other shoots and leaves can be 
removed.

Fall Budding: Most important time of budding for the production of fruit -tree 
nursery plants. Budding is mostly done in late summer using budsticks of the current-
seasonôs vegetativeshoots. After the buds have been inserted and tied, there is nothing 
to do until the following spring. If the leaf stalk drops off cleanly in 2-3 weeks, this is a 
good indication that the bud has united. In spring, just before new growth begins, 
rootstock is cut off above the bud making the sloping cut, slanting away from the bud.



1. T-Budding (Shield-Budding)

ÁWidely used by nurserymen in propagating nursery plants ofmost fruit 
tree species, many ornamental trees, roses and some ornamental shrubs.

ÁUsed to stocks that are about 6 to 25 mm in diameter.

ÁBud is inserted into the stock 5 to 25 cm above the soil level in a smooth 
bark surface.

ÁThere are two methods of preparing the shield ñwood inòor ñwood outò.

ÁIn june budding of fruit trees, the shield is usually prepared with the
ñwood outò.



How to Make T-Budding?





2. Chip-Budding
ÁSeemsto be more useful in areas with cool, short growing seasons.

ÁCan be performed at times when the bark is not splitting early spring 
before growth starts or during the summer when active growth has 
stopped.

ÁGenarally used with small material, 13-25 mm in diameter.

ÁFor many years, chip-budding in the fall has given excellent results in 
budding grape cultivars on phylloxera or nematode resistant rootstocks.

ÁAlso used on a large scale on fruit and ornamental trees.

ÁChip-budding is also widely used with bench or hand grafting machines or 
devices for grafting grapevines, clonal apple and pear rootstocks, walnuts 
and roses.

ÁIn grape propagation, if the bud is inserted in to the stock close to the 
ground level, drying can be prevented by wrapping the bud with budding 
rubber and covering the whole bud union immediately with about 5-7 cm 
of finely pulverized moist soil.

ÁThe stock is not cut back above the bud until the union is complete.




