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WHAT IS PLANT PROPAGATION ?

Plant Propagation ;

U Isthe procesof creatingnew plantsfrom a varietyof
sourcessuchasseedscuttings andother plantparts

U ismuItip_Iyi_n%pIantsandpreservin heir unique
characteristic®y sexuabndasexuamethods

U isdefinedasmultiplicationof plantsby both sexuaknd
asexuameans

U canalsoreferto the naturalor artificialdispersabf plants

U Is an arandscienceof re-producingplants requires
knowledgeskill andpractice

U Propagationrmethodsarebroadlyclassifiecassexualseed
generativg andasexua(vegetative.



1. LEARNING FROM NATURE

REPRODUCTION FROM SEEDS

x Sexuafteproductionalwaysemainsthe mostimportantmethodof propagatiorfor
manyplants

x Sexuafeproductioncangiveriseto botaniacasubspeciesr varieties whose
characteristicgleviateto somedegreefrom their parents Thisis mostmarkedin
mountainousareaswheresomeplantsareisolatedon avalleyfloor or alpinepeak
from the morewidespreadspecies

x (Geographicabkolationcanalsoresultin endemisnmeansa speciedimitedto one
locality

% Inthe wild, plantsdispersehundredsor evenmillionsof seeddn orderthat afew
seedlingsnightsurviveto maturity.

x Humankinchasalsobenefitedfrom the geneticdiversityof seedsselectingorms
that mayhavediedout in the wild anddevelopingrom them new plantswith great
valuein cultivation
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VEGETATIVE REPRODUCTION

x Nature hasvercomethe limitationsof seedshy adopting
asexuateproductionalsq producingoffspring(cloneg that are
geneticallydenticalto the parent

x Plantshavemanywaysof increasing/egetativelyfrom
modifiedrootsor stems

x Someplantscanregenerateshootsor rootsfrom growthtissue
to producenew plants(runnersor Iagers, othersfrom
specializedrgansincludingstemtubers(potatoeg, corms
(crocusey, andpseudobulbgCymbidiunorchids).

x Vegetativaeproductionallowssomeplantsto colonizeanarea
morerapidlythan by seedge.g Bermudayrass; Cynodomactylor).

x Gardenerdiaveadaptednaturalvegetativeor clonal

reproductionto obtainplantsthat arealwaydrue to parent
x ClonapropagationsarriessomedangersGeneticallydentical /i
plantscarrythe samesusceptibilitto diseasesndpests(e.g Na
Dutchelmdiseasén Engliskelmsin 19661970).
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2.PROPAGATIAN THE PAST

ORIGINS OF PROPAGATION BY SEED

x Thecultivationandpropagatiorof plantsbegarwhenhumantribesabandonedheir
nomadic(migran), hunter-gathererwayof lifeto livein setttedcommunities

x Thischangds often referredascAgriculturalRevolutionp mainlythe resultof a
remarkableaccidenthat led to the developmenbf breadwheat

x Thisbiologicamiracletook placein about8.000BC irthe Middle Easthat wasthe
triggerfor the adventof farming

% Ancientcivilizationghroughoutthe World grewa wide rangeof food crops including
grainsfrom seeds

% |In GreekandRomartimes writersrecordedcurrentmethodsof propagationn
somedetails

x Olivesdate palms andcypressesvere grownfrom seedsaswell asotherfood
plantssuchascabbagesturnips lettuces andherbs

x Greeksoakedseedsn milkor honeyto situmulategermination
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ORIGINS OF VEGETATIVE PROPAGATION
x  Propagatiorfrom cuttingsbegamnwhenrooted shootsor suckeravere detachedandreplanted
x Middle Eastsettlersdiscoverechowto propagatesuperiorformsof grapesolives andfigs

x By2.000 BQgraftingfairlycommonin GreeceMiddle EastEgypt andChinaTheearliestform
of graftingwasprobablyapproachgrafting.

x TheRomansvereamongthe first to practicedetachedsciongrafting.

x QOthernaturalvegetativereproductionmethodswere exploitedby propagatingrom food-storage
organssuchasbulbs tubers andrhizomesPlantancreasedn this wayincludedonionandgarlic
(Mediterranear), sugarcane(TropicalAfricg), bananalfdiaand Indonesi), potato andpineapple(South
Americd, andbamboo(asig.

x Simpldayeringwasadaptedfrom naturallayeringof wild plants
x Romansverelayeringgrapedn the 1stcenturyBC.
x Airlayeringprobablybeganto be used4.000yearsagoin China
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VICTORIAN ERA (188901) INFLUENCES
x  Awealthof newandexcitingplantswerediscoveredandtradedin the 18thand19th centuriedn

the westernworld.

xVictorianawvereveryintentivein both the constructionanddesign Theirmethodsof controlling
temperatureandlevelsof lightandhumidityin the growingenvironmentof the glasshousaere

impressivelgomplex

x Thepropagatiorequipmentthat wasavailabldo Victoriangardenersvasfairly primitive
comparedo modernadvancesbuttheir ideasstill form the basisof i 2 R teéhtbiogy

x Theyusedcoldframesandhot bedsto controltemperatureand humidity.
x Belljarswere effectivefor raisingsmallquantitiesof plantsfrom seedsstemor root cuttings

andevengraftedplants

x Towardghe endof 19thcentury gardenerssplitthe baseof acuttingandplacedawheatgrain
insidethe splitbeforeinsertingthe cuttingin soilmix. Aghe wheatseedabsorbedvaterand

beganto germinate releasec

growth-promotingsubstancefelpedthe cuttingroot more easily

% Thispracticebecameobsolete(old-fashioned after 1940with the introductionof synthetic

rootinghormonesauxins



3.MODERN PROPAGATION

MIST PROPAGATION

ATheintermittent mistpropagatiorsystemwas
designedn 1950dor rooting stemcuttings

ATheunit providesbottom heatingto promote
rooting, andconstantregulatedhumidityto
keepthe cuttingsmoistandcool

ATodayinsteadof asoilthermostat digital
sensorspacedevenlythroughthe bedand
linkedto a centralsystemareoften used

AMist propagatioriswidelyusedin commercial
propagationandis usefulfor gardeners
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PLASTIC FILM =1 T

AAnotherdevelopmenbf the 1950s wasplasticfilm.

ACuttingsare grovidedwith bottom heatandthe plasticfilm T
(asheetof clearplastig isdrapedovertheminorderto . = o
createa sealecenvironmentwhichmaintainhighhumidity

aroundthe top of cuttings

AThissystenis easilyadoptedby gardenersalthoughrottin
can be a problem %%olt%mpe};gtures > 9 9

APlastidilm canalsobe usedwith coldframesto warmsoil e
beforecutti nigsor seedsareinsertedandthento covernew E=lss[s[/glo
plantsin the frame. - \

FOG PROPAGATION

AOneof the maindevelopmentsn the m|d-198CBwasfog
Propagatlor,lwhlchprowdesa muchsmalleiwaterdropléets
han mistpropagationsothat the air remainsmoistfor a
muchlongerperiod

AThissystemalsoavoidswettingthe foliage as irmist
propagation

Alt is ideafor cuttingsor seedlingghat areproneto rotting.
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SEED TREATMENTS

ASeedprimingexploitsthe naturalabilityof someseeddo
interrupt developmentf soilconditionsare unfavorable

Alt improvesspeedanduniformity of germination

ATimingof the treatmentis critical Truegerminationdoesnot
ocuruntil seedsowing

Aln commerceseedsaregerminatedor scarified until the radicle
emergesthen packed andsentout for immediatesowing

AScarificatioris veryuseful for hard-coatedseedsespeciallyor
vegetables

APelletedseedsare coatedwith aninert material suchas
polymer that splitsor softenson contactwith water Coatingmay
containfungicidesnutrients andafluorescenidye

AThep_eIIetmakessowingeasierparticularlysmalIseedsthus —
reducingosses SeedPelleting
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MICROPROPAGATION

AThistechnique developedn the 1960, isusedto propagatehugenumberof plantsfrom a
smallamountof material

Alt enablelantsthat aredifficult-to-propagateby traditionalmethods new cultivars andvirus
free stocksof horticulturalcrops

AMicropropagatiorusuallyinvolvesgrowingpiecesof planttissuein vitro in sterilelaboratory
conditionswhichis possiblebecausef the ability of mostplantsto regeneratefrom a singlecell

ATissudrom the shoottip meristem isnostoften used Butroot tips, callusesform onwounds,
anthers flowerbuds leavesseedsor fruits mayalsoprovidesuitabletissue

ATemperaturelight, nutrients andhormonesareregulatedin specificallydesignedyrowing
rooms

ATheresulting(acclimated plantsare grownin greenhousesonditions

AVirusesandother systemialiseasesarelypenetrategrowingtips, somicropropagateglants
arenormallydiseasefree.
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THE FUTURE OF PROPAGATGHNETIC ENGINEERING
AForeigngeneswith known desirablecharacteristicaretranferredinto anotherplantcell
AThistechnologyinvolvesmolecularbiology andverycomplex

AAnaverageplanthas 20.00@lifferentgenes of whichthere maybe five million copiesin asingle
cell sodeterminingwhichgene igesponsibldor whichcharacteristicean bedifficult.

AGene transfepperationdemandsspeciatechniques

AThefinished(GeneticaliModified) cellis micropropagatedo producea stockplantfor
propagation

AGeneticengineeringhas agreatpotentialto enhancethe usefulnes®f existingplantsandto
createnewones

ACurrentworksare aimedat improvingresistanceof cropsto diseasespests andabiotic
stressorsuchascold drought, salinityaswell ascropyieldandquality

AGMOsarestill bannedin manycountriesof EU Asig Africa evenin America



Genetic engineering

Researchers isolate a gene from an organism that has the trait they
want to impart to a plant.

1 Single gene : & Many copies of the gene : 3 Seeds from mature
is isolated and : are inserted into plant cells : plants are studied for
modified : and induced to grow : successful
: : transformation
Cell with :

desired ok
trait

new

trait

Isolated

) T &> //
,4 T4 > 5 ’ﬁ
~___Growth:-medium 5

Source: Colorado State University Sacramento Bee/Scott Flodin




S S h For more information go to
G M O F O O d S umme‘r quas olmag.co/gmo-foods

Tomato Rice

SWeet Corn Farm;r;‘don’t like CanOIa O|| YeaSt
5, GMO squash but some : T

experts say GM
squash have blended

Tomatoes have been with wild squash
genetically modified, but
they are not being grown GMO rice has
commerically at thia time been approved

but is not yet N .»
being used More than 70 percent of : b ;

Alfa Ifa commercially corn grown in the United ¥ \‘EZT' GMO yeast for wine has

Bt o States has been genetically : o 87% of canola grown been approved
B e engineered : commercially, and 80%
GMO salmon has not been of wild canlola is GMO
approved by the FDA, but it

K 14 will be very soon
GMO alfalfa is
contaminating non

GMO alfalfa crops at ; Sugar BeetS ) PeaS Hawa“an

a rapid rate {, “ v Papaya
Cotton 3 Y A, 2 NI -
More than 93% of Peas have been

b on B UV. Vi ] T L B — soybeane the United genetically modified
d napprove Lol pari States produces are but are not_ approved
GMO has make 50% of our sugar) are or availlable

contaminated
wheat fields, and
we don’t yet

n [ |
At least half of know the extent
cotton grown in the of it
world is GMO

MAGAZINE

genetically modified
Most Hawaiian papaya is

GMO, even many organic
crops are contaminated
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THE FUTURE OF PROPAGATABRNIFICIAL SEHB®MATIC EMBRYOGENESIS)
ANaturallyfertilizedseedscontaingenesfrom two parents butthe two seedsarenot identical
ANowadaysit ispossibleo createartificialseeds'somaticembryo3 from vegetativetissue
AThistechnologyinvolvesisolatingembryosandgivingthem a syntheticcoating
ABythisway, vastnumbersof geneticallyuniformseedscan beproducedwhlchglverlseto genetlcal lydenticalplants

ANoendosperm or seed coat is formed arourgbanatic embryo

Cell clumps

B
-0 - 2
= somatic cell ) /0
\ multiplication =
apical - [S
84
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- division
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four-cail

ene cell two-call
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| callus o
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Linear Cotyleden Stage Conversion in tfemporary

immersion bioreactor
("Twin Flask")

Direct sowing and plant
acclimatization ex-vitro
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THE FUTURE BROPAGATIONMICROGRAFTING

Aln micrografting verysmallpiecesof different plant
tissuesare usedto producediseaseandvirusfreeplants =
or motherplantsespeciallyor fruit trees& grapevines |

AAs dfirst step,seedlingootstocksareraisedin sterile | |
conditions =

AWhena seedlingeacheshe first true leafstage it is
micrograftedwith the tiny, virusfree meristem tip of
desiredplant

AAfter aboutsixmonth growingin controlledconditions
micro-graftedplantsarereadyfor normalplanting

AVirusfree, micropropagatealonalrootstocksmayalso
be usedto avoidthe geneticvariabilitythat can ocumwith
seedlingootstockdan fruit tree andgrapevinanicrografts




PROPAGATION METHODS

Methods of Propagation Plant Propagation

« Sexual Propagation There are two methods of

- Asexual Propagation plant propagation:
 Sexual (seed) - entails the

recombination of genetic
material, resulting in progeny

5 4 that differ from each other
| = o _j\ and from their parents.
\/ F « Asexual (vegetative) -
) i Q .,
) ¢ //@\\ \ - }ﬂ progeny are genetic copies
G TR E / 7 T, of the parent plant (clones).
Y . D\ w—‘ e




4
SEXUAL REPRODUCTION
(PROPAGATION BY SEED)



What Is SexualSeed Propagation?

U Sexuapropagationsthe raisingof plantsby meansof seedwhichisformeddueto the
fusionof maleandfemalegameteswithin the ovuleof aflower. Plantsthat are produced
from seedsarecalledseedlings

U Producingplantsfrom seeddasthe mostimportantpropagatiormethodfor agronomic
forestry vegetableandfloweringbeddingplants

U Thesamethodsvaryfrom field seedingoperationsto verysophisticatedjyreenhouse
tansplantproductionsystems

U Vegetablemaybe startedbydirectfield seedingor from transplants

U Floweringoeddingplantsandherbaceouperennialsare startedprimarilyastransplants
grownin smalltransplantcontainerscalledplugs

U Woodyseedlingareusuallystartedfrom field transplantbedsat closespacingo
producebareroot linersfor nurseryproductionor understockdor grafting

U Seedlingoropagationinvolvescarefulmanagemenbf germinationconditionsand
knowledgeof the requirementsof individuakindsof seeds



Pollination ¢ Fertilization¢ Seed~ormation

(C) E.M. Collins 2001 flower
—  (bisexual) stamen
mature plant (male organ)
and leaves (female organ)
embryo ovule anther
(inside seed) (containing a (containing
megaspore microspore
zygote
sporophyte (2n) MEIOSIS
FERTILIZATION gametophyte (n) v ]
H1 + = ote (2n one functional microspore
Sperm 299 = Z¥g _{ ) megaspore (pollen grain)
sperm #2 + 2 polar nuclei = endosperm V (inside ovule) 1
- antipodal cells (3) )
integument . pollen grain '
(2 outer

layers of

endosperm mother cell
the owule)

(containing 2 polar nuclei) sperm nuclei

- stalk of ovule (funiculus)

pollen tube
synergid cell tube nucleus

synergid cell

‘; ': O

/ male

egg cell

micropyle



What isa Seed?

Seed A matured ovule
containing anembryothat is
usually the result ofsexual
fertilization.

Everydicot seeaconsists of :
X An embryo

X Storage tissue(cotyledons &
endosperm

X Quter covering (seed coat &
pericarp)




Table 8-1

SeedGermination

REQUIREMENTS FOR SEED GERMINATION DURING PLUG PROPAGATION
OF THREE PoPULAR BEDDING PLANTS

Petunia Pansy Impatiens

Stage 1

Temperature 75-78°F (24-26°C) 62-68°F (17-20°C) 75-80°F (21-27°C)

Moisture 100% RH 100% RH 100% RH

Light 90 pmol - sec”! - m™2 80 pmol - sec’-m? 90 pmol - sec - m™2

Fertilizer 25-75 ppm KNO; 25-50 ppm KNO4 None

1 application (1-3 days) (1-7 days)

Stage 2

Temperature 75°F (24°C) 66°F (18°C) 72-75°F (22-24°C)

Moisture 85% RH 75% RH 75% RH

Light 90 pmol - sec ' - m™? 80 pmol - sec'-m? 90 pmol - sec ' - m?

Fertilizer 50 ppm 20-10-20 None None

(3-7 days)

Source: Ball, 1998.

AR

Tap root



Two Typesof SeedGermination

Epigeous

Foliage leaves H)’POS&OUS
minatio True leav o
Ger ‘ h n " s Gem‘\m&fth Foliage leaves
Cherfy [y }— Peach

; [
Plumule\‘ ‘\ L Cdf\/ Pdov\

A—

Plumule

)

Epicotyll Cotyledons enclosed
. by seed co0ls

" AL THypocoly!
"o+ | - Hypocotyl |

. Rodicle V :

i cotyledon



MoNnOoCcOoTS

B Z &
A )
/ 7 -3,
Veins Vascular Fibrous Floral
One usually bundles root parts
cotyledon parallel usually system usually in
complexly multiples
arranged of three
= LEAF s
MBRYOS VENATION TEMS FLOWERS
DicoTs
N A )
, - \ S <
- = “ \; o : -
- ) Vascular Taproot Floral
T Veins bundles usually parts i
cotyledons usually usually present usually in
netlike arranged multiples
in ring of four
or five

Copyngiht © Peoarson Education, Inc . pubishing as Bonjamin Cursmemengs




Monocot & Dicot Examples

AVlonocots asparagus bamboos bananas barley,
coconuts ginger encefily, grassesleeks lilies, maize, millet,
oal, onions orchids, palm trees pineapples ice, rye,
sorghum, sugarcangtulips, wheat (bread)

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




Sourcef 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

ARootstock seeds were obtained as by products of canneries,
cider presses & dry yardskiler).



Handling Procedures of Seeds

Dry Fruits (Nut Fruits)
V Drying

V Extraction (removingthe hard shell)
V Seedconditioning (cleaning)

FleshyFruits

V Maceration

V
V
V

—ermentation or acid treatments
~lotation

Drying



Seed_ongevity

ShortLivedSeeds

Many Tropical Plant

Many Tree Nut &
Similar Species with
Large Cotyledons

“Populusy
“Acer’

“Salixru
“Ulmus’

Avocado, Citrus, Cocoa,
Coffee, Loquat, Mango,
Palms, Tea

BeechtFa g u s

Birch "Betula’

Buckeye Aesculus
Chestnut Castaned, Hazel
“Corylusi,PecanKarya,
Oak™Quercusi,
WalnuttbJ u gl an s

Orthodox (Conventiona) Seeds

LongLivedSeeds

(Remain viable 23, perhaps
15 years when stored at low

humidity, low temperature

Legumes,Geranium,

Morning Glory

(Have hard seed coats that
impermeableo water.
Maximum life is 75100
years,perhapsmore).



Viability Determination for Seeds

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 Ir
2,3,5 triphenyltetrazolium chloride
solution

4. X-ray Analysis X-ray photographs of seeds can be
used as a rapid test for seed soundne:



Seed Dormancy

Dormancy is a condition where seeds will not
germinate even when the environmental conditions
(water,temperaturelight and aeratior) alfé PErmissive for

germination.

ASeeds of many tree & shrub speciggquire specific
treatments to overcome dormancy.



Types of Seed Dormancy

PrimaryDormancy SecondaryDormancy

Exogenous DormancyHard seed Af seeds fail to germinate after
coat of many woody legumes becomes primary dormancy is broken, this is

imperViOUS tO Water, or Chemical_S that called Secondary Dormancy
accumulate in fruit & seed covering

tissues of fleshy fruits of citrus, nuts, AThis type of dormancy may be
stone fruits, apples, pears, grapes can  concluded by the reasons dbw or
strongly inhibit seed germination. high temperatures, prolonged light &

Endogenous DormancyControlled  darkness, water stress or anoxia
by interactive effectsof hormonessuch

as GAs and ABA with in the embryo

mainly called asPhysiological

Dormancy that is characterized by a

requirement for one to three monthgor

more) of chilling at 1-7 A for the seeds

of trees & shrubs.



SeedTlreatments to Improve Germination

1. Seed Protectants

V Chemicaltreatments

VThermotherapy (hot wateror hot air treatmentsgto eliminate diseasep
V Biocontrol by beneficial microorganisms

2. Seed Coating

V Pelleting
V Polymer film coating

3. Germination Enhancement
V Seed sizing

V_Seedpriming (aloyv_-co_st technique of soaking seeds in a solution containing Zn (or other
micronutriens) for a specifiedime)

V Pre-germination



Advantagest Disadvantagesf Propagationby Seed

Advantages Disadvantages

1. Easiest and least expensive method. 1. Seedlings will take more time to bear

2. Seedlingplants (seedlingg are hardier and fruits (late bearing.
have longer life span.

3. Plants which are difficult to propagate by 2. Fruit quality of existing plants can not

vegetative methods can only be propagated be improved by sexual propagation.

Ilgg/ia?eed(e.g.papaya, coconutphalsa-a beverage fruit of 3 Plants propagated by seed are usua”y

large in size, thus the cost of manuring,

4. Fruit rootstocks are usually obtained by

means of seed propagation. pruning and spraying increases.
5. Seedlings are more resistant to pests & 4. There Is no assurance about genetic
diseases. purity of the offsprings or seedlings

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

7. Polyembryonic varieties can be

propagated by seede.g.nucellar embryonic
orangeg.



Seedling Production Systems

Field NurseriesFor

Field Seeding Transplant Production

ARelatively low density in the location fSeedsare planted closely in beds
where plants are to remain during for growing transplants of conifers,
the production cycle. decidious plants for forestry,
Aevamol ' ornamentals, and to provide
ampies are rootstock seedlings for some fruit &

somewoody perennials nut tree species.






Field Seeding for
Reforestation or
Naturalizing

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

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

A Seeds should be coated with a bird
and rodent repellent.




D.
ASEXUAL (VEGETATIVE) PROPAGAT



What Is AsexualVegetativg Propagation?

U isthe creationanddevelopmenbf aplantby asexuameans Thisdevelopment
occursas aresultof fragmentationandregeneratiorof aplantpart or by growth
from specializedegetativeplantparts

U refersto the procesf plantreproductionwherebya fragmentof aparentplant
Istakenin orderto producemore dplants_(clone . Thesdragments knownas
cuttings areableto form root andgrowinto full plants

U Isa form ofasexuateproductionof aplant Onlyoneplantisinvolvedandthe

offspringisthe resultof oneparent Thenewplantis geneticallydenticalto the
parent

U Is amethodcreatingnewplantsfrom the roots, stems leavesspecialized

organsof a gardener'shealthiest highestyieldingplant, commonlyreferredto as
the motherplant

U canreproducenewplantsnaturally or artificiallyinduced
U isreferredto simplyascloningor clonalpropagation



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

Typesof AsexualVVegetativg Propagation

NATURAL ARTIFICIAL
Bulbs Cutting

Corms  Grafting

e

Tubers Tissue
Culture



Reasongor Using Vegetative Propagation

1. Convenience and Ease of Propagation

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

2. Selection and Maintenance of Cultivars/Clones

U It 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

U Most fruit orchards are combinations of a seedling or clonal rootstocks with
cultlvarsl,( grape cultivars must also be grafted onto phylloxeraesistant
rootstocks.

4. Shortening the Time ofReproductive Maturity (Juvenility)

u Ve Ietatively propagated fruit & nut cultivars will flower at a younger age than
seedlings.



SPECIALIZED ONTHEOWN ROOT SYSTEM ONTHE ROOTSYSTEM OF OTHETR MICRO-
VEGETATIVE PLANTS PROPAGATION
Sfin el o CUTTING LAYERING GRAFTIING BUDDING
a. Bulb- a.Stem cutting a. Air layering/ LAScion attached u. Shicld budding a. Meristem culture
onion. i. Hardwood Goottee or aAppreach / Inarch Rose, b. Embryo colnrme
garlic cutting Marcotage- prafting Citrus Bey c. Callus culture
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Propagationby Cutting



Anatomical and Physiological Basis of
Propagation by Cutting

Alotipotency

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

Dedifferentiation

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



Adventitious Root Formation

Remnants of Epidermis

Cork

Cortex

Primary Phlogm
Secondary Phloem

Cambium & Rays Vitis, Ficus, Malus,
Camellia, Plum,
Pistacia

Vascular Cambium

Buds & Leaf Gaps Malus, Rosa,
Pinus

Late Wood
Annual Ring

Early Wood

Pith

External Callus  Abies, Cedrus,
Pinus, Citrus




Polarity

Stem cuttingsalwaysform shoots at the distal endnearest the shoot tipform
roots at the proximal end(nearest the crown),

Root cuttingsalwaysform shoots at the proximal end and form roots at the
distal end.

Changing the position of cuttinggstem or root)does not alter this tendency
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Types of Cuttings

1. Stem Cuttings Hardwood, SemiHardwood, Softwood
2. Herbaceous Cuttings Leaf, Leaf-Bud

3. Root Cuttings



1. Stem Cuttings
1.1Hardwood Cuttings

U Mostly prepared from maturedpr evi ous s eas

hardwood Iin dormant season from decidious woody
perennials.

U Many ornamental shrubs such ad.igustrum, Forsythia,
Wisteria, Honey Suckle, Salix, Populus, Cornus, Spirea,
RoseRootstocKs

U Some fruit species such aBlive, Fig, Quince, I\/Iulbenj?/,
Pomegranate, CurrantSome Plumsand Grapesan easily
be propagated byhardwood stemcuttings.
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1. Stem Cuttings
1.2SemiHardwood Cuttings

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

2. Many broad-leaved evergreen
shrubs such agCamellia(¢ a)y Rose,
Pittosporum( ye | d e,/Azalea s &) ,
( A- e,IE@nymus(taflan), Holly ( ¢ o b a &=
P¢: s k ;qRhoglodendron or man,g ¢l ¢
Fuchsia( K ¢ peardeniaand a few '
fruit species such a®©live & Citrus
can be propagated by semi
hardwood cuttings (7,515 cm long)
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1. Stem Cuttings
1.3 SoftwoodCuttings

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

Many ornamental shrubs such i
aslLilac (Leylak), Forsythia( A1 t e n.

¢ a n a Magnolia (Manolya), R0
Weigelia( Ge | i pSpireaeg Xe - i ’
S a k alVh\&tus (Mersin),
Pyracantha( At e k ,Mlaaader )
(zakkum) can be propagated by
softwood cuttings




2. Herbaceous Cuttings
2.1. Leaf Cuttings

Leaf cuttings consist of
leaf bladeor leaf blade &
petiole.

Sansevierig paka kél écé
Dieffenbachig Begonig
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
Rhododendrorare readily
started by leatbud
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, Uimugan
easily be propagated by root
cuttings.




Propagationby Grafting& Budding



Terminology

Grafting ( A k é lisameait 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 ( G° z isgingilarao)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 gratft.

Stock (rootstock, understock)A n & the lower portion of the graft, which develops into the root
system

Interstock (intermediate, interstem)Ar a ia & 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( K1 et i m kisanthin tissuenof the plant located between the bark (Floem) and
the wood (xylem). Its cells are meristematic that are capable of dividing and forming neeells. Fora
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 woundethnt 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 ).
/. Detecting virus diseases (indexing).



Benefitsof Topworking

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

2. Cultivars that lack hardinessor have poor crotches(narrowangled can be
made more durable by topworking them on hardy, strong-crotched apple
cultivars suchasHibernal, Virginia, or ColumbiaCrab.

3. Pollinator cultivars can begrown much soonerby topworking than by
planting youngtreesor vines

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

5. Interesting noveltiescan bedevelopedby grafting severalcultivars on
onetree or vine.



GeneticLimits of Grafting & Budding in Woody Perennials

Within a Clone/CultivarY Successful

BetweenClones& Cultivars Within a Specie¥ Successful

BetweenSpecies Within &GenusY Successfuin somecases

AV ost Sjoecies ingenusVitis, Citrus, and Prunusin which Almond, Apricot, European
Plum, Japanese Plurall different sPemesare grafted ontdPeacl); but, on the other
hand, AlmondandApricot, both in the same genus, can not bé intergrafted successfully

BetweenGenera within aFamilyY A successful union is remote

Successfucombinations Trifoliate Orange (Poncirus trifoliate) is used commercially as a
dwarfing and a cold-tolerant stock for Orange(Citrus sinensig; Quince (Cydonia

oblltc_)ng has long been used as a dwarfing rootstock for certalidear (Pyrus communi$
cultivars.

BetweenFamiliesY Definetelyunsuccessful in woody perennials.
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Cleft-grafting Tcols

Fig. TT1. Todl s and materials re quired for performing grafting and budding operations succe ssfinlly.



HOW TO SHARPEN A KNIFE PROPERLY

To sharpen the grafting knife, the initial
grinding may be done with a medium-grit
stone, but a hard, fine-grit stone should be

used for the final sharpening. The stone

should be wet with water or oil during
sharpening. Do not use a carborundum
stone, because it is too abrasive and will
grind off too much metal. Most prefer to use
knives beveled only on one side, the back
side being flat, whereas others prefer a knife

beveled on both sides. In sharpening the
knife, hold it so that only the edge of the
blade touches the stone in order that a stiff
edge for cutting can be obtained. Use the
whole width of the stone so that its surface
will remain flat. A correctly sharpened knife
of high-quality steel should retain a good
edge for several days’ work, with only occa-
sional stropping on a piece of leather.
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Grafting Techniques



When to Graft?

X It Is best to graft in the spring when the buds of the
rootstock are just starting to open, untilblossomtime
providing that the useof dormant scions

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

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

X To have dormant scion wood, they should be collected
reasonably before grafting operation, and kept in
refrigerator wrapped in a moist substrate such aperlite,
peat mos®r sawdust



1. Cleft Grafting

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

X Rootstocksshould range from2,510cm in diameter,
scion should be abou6 mm in diameter.

x Sclonsshould havel-2 buds in grapevinesat least3
buds In fruit trees and woody ornamentals



How to Make Cleft Grafting ?
(Preparing the RootstocK

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

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

Removethe clefting tool wedgeand drive the
pick end of the tool into the center of the
newly madecleft sothat the stock can beheld
openwhile inserting the scion




How to Make Cleft Grafting ?
(Preparing and Inserting the Scion Securingthe Graft)

Preparing the Scion Onescionis usually inserted at each
end of the cleft, soprepare two scionsfor eachgraft. Select
scionsthat haveoneto four goodbuds dependingon the
species Using asharp, cleangrafting knife, start near the
baseof the lowestbud and make two opposingsmooth-
taperedcuts 2,55 cmlong toward the basalend of the scion
Cut the sidewith the lowestbud slightly thicker than the
oppositeside Be surethe basalend of the sciongradually
tapersoff (sivriltme)alongboth sides

Inserting the Scion Insert a scionon eachend of the cleft,

with the wider sideof the wedgefacing outward. The
cambium of eachscionshould contactthe 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 seasonchoosethe stronger scionand prune out
the weaker.




Grafting individual vines at Port producer Graham’s Douro vineyards
(Photos courtesy Graham’s):

Cuthng the roots’ock at a [ i i The scion is trimmed to a
thickness to match the scion. wedge shape.
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A vertical cut blseds the trunk The scion is inserted into the The grafied vine is securely
of the rootstock. cut trunk. wrapped with raffia.







2. Bark Grafting

Bark grafting: Usedprimarily to top workof flowering and fruiting trees. In contrast to_
cleft grafting, this technique can be applied to rogtstock afarger diameter gl(}lS 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 baserted (5 cm longand spaced2,5 cm apari.

Preparing the Scion: Since multiple scions are usually inserted around the cut surface of
the rootstock, prepare several scions for each graft. Cut the baseeadch scion to a-5 cm
tapered wedgeon 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 nalil the
scion in place by driving one or two wire brads through the bark and scion into the

rootstock. Inserta scionevery 7,510 cmaround the cut perimeter of the rootstock

Securingthe Graft: Seal all exposed surfaces with grafting wax or grafting paint. Once
the scionsS 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.



Bark Grafting

Shaping the scion to fit the stock

Place scion so cambium layers match stock Scion is secured




How to Make Bark Grafting ?




How to Make Splice Grafting ?

Preparing the Stock and Sciomn

Cut off the rootstock using a
diagonal cut 2-2,5 cmlong.
Make the sametype of cut at the
baseof the scion

Inserting the Scion Fit the scion
to the stock. Wrap this junction
securelywith arubber 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
causesapto drown (b o] u)ithea
scion Be sureto removethe
twine (ip) or strip assoonasthe
graft hashealed




3. SpliceGratfting

AThis method is usedto join a scion onto the stem of a rootstock or onto an

Intact rootpiece.
AThis simple method is us

ually applied to herbaceous materials thatllus or

heal easily, or it is used on plants with stemdiameter of 1,25 cm or less.
An splice grafting, both the stock and scion must be d¢he same diameter.

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

Inserting the Scion: Fit t
with a rubber grafting stri

Securing theGraft: Sea

ne scion to the stock. Wrap this junction securely
0 or any kind of proper wrapping material.

the junction with grafting wax or grafting paint.

Water rootstock sparingly (economically until the graft heals Over watering may
cause sap tarown (b o j u)lthescion. Be sure to remove thévine (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. Percentageof successful unionsgspecially in Toudding) is much higher.

3. Can be performed to young and thin stems or branches even atmmi n
diameter.

4. Topworking young trees by topbudding (framework IS highly successful.

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

6. Budding makes more economical use of propagating wood than grafting.
/. Can be performed Iin threeperiods of 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 S|IES easn%/.
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 aone-year-old budded-tree in a single
growing season. As a method of nursery propagation is confined to regions having long
growing seasonlt is mostly used for stone fruits such as cherries, peaches &
nectarines, apricots, almonds and plumsBudding is usuallydone T-Bud with wood-

out. 10-15 days after budding, rootstock can be cut back just above the bud. When the
shoot frcc)lm Inserted bud has grown about 25 cm long, all other shoots and leaves can b
remove

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
S e a s\wegeiats/eshoots After the buds have been inserted and tied, there is nothing
to do until the following spring. If the leaf stalk drops off cleanlyin 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)

AVidely used by nurserymen in propagating nursery plants omost fruit
tree species, many ornamental trees, roses and some ornamental shrubs

AUsed to stocks that are aboub to 25 mmin diameter.

MABud is inserted into the stocks to 25 cm above the solevel in a smooth
bark surface.

AThere are two methods of preparing theshieldii wo o dod i wo o d o

An june budding of fruit trees, the shield is usually prepared with the
Awood out o.



How to Make T-Budding?




Flg T& T and wverted T methad's of budding: A B) removal of the bud C) preparation of therootstock by giving an ncisionlnthe form
of an kwerted T 1o facilitate Mting of the bark, D) insertion of the bud into the incislon made on the roatstock, E) T method of budding,
F) parafirm holding the bud in place. lnsets: Inser tion of buds into the cuts made on the scion. (Line drawing re produced fram PNW 455,

raras)




2. Chip-Budding

ASeemsto be more useful in areas with cool, short growing seasons.

ACan be performed at times when the bark is not splittingearly spring
btefore growth starts or during the summer when active growth has
stoppe

AGenarally used with small material,13-25 mmin diameter.

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

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

AChip-budding is also widely used with bench or hand grafting machines or
ge\élces for grafting grapevines, clonal apple and pear rootstocks, walnuts
nd roses.

Aln grape propagation, if the bud is inserted in to the stock clgose to the
ground level, drying can be prevented by wrapping the bud with budding
rubber and covering the whole bud union immediately with aboub-7 cm
of finely pulverized moist soill.

AThe stock is not cut back above the bud until the union is complete






