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What is Plant Propagation?

Plant Propagation;

üis the processof creating newplants from a variety of 
sourcessuchas seeds, cuttings, and other plant parts.

üis multiplying plants and preserving their unique
characteristicsby sexualand asexualmethods.

ücan alsorefer to the natural or artificial dispersalof 
plants.

üis an art and scienceof re-producing plants; requires
knowledge, skill , and practice.

üSo, ñPropagationMethodsò are broadly classifiedas 
sexual(seed, generative) and asexual(vegetative).



1. Learning from Nature

REPRODUCTION FROM SEEDS

×ñSexualReproductionò alwaysremains the most important methodof 
propagation for many plants that can give rise to botanical subspeciesor
varieties, whosecharacteristicsdeviateto somedegreefrom their parents. 

×This is most marked in mountainousareaswhere someplants are isolatedon a 
valley floor or alpine peak from the more widespreadspecies.

×Geographicalisolation can alsoresult in ñendemismòmeansa specieslimited
to onelocality.

× In the wild , plants dispersehundreds or evenmillions of seedsin order that a 
few seedlingsmight survive to maturity .

×Humankind has alsobenefitedfrom the geneticdiversity of seeds, selecting
forms that may havedied out in the wild and developingfrom them newplants
with great value in cultivation.



Origins of Cultivated PlantsïN. Vavilov



EndemicSpecies
Crying Tulip -T¿rkiye Flower of Love-T¿rkiye Plantsof Altai Mountains



ContinuedΧ
VEGETATIVE REPRODUCTION

×Nature has overcomethe limitations of seedsby adopting
asexualreproduction also, producing offsprings (clones) 
that are geneticallyidentical to the parent.

×Plants havemany waysof increasingvegetativelyfrom
modified roots or stems.

×Someplants can regenerateshootsor roots from growth
tissueto produce newplants (runners or layers), others from
specializedorgans, including stemtubers (potatoes), corms
(crocuses), and pseudobulbs(Cymbidiumorchids).

×Vegetativereproduction allowssomeplants to colonizean 
areamore rapidly than by seeds(e.g. Bermuda grassïCynodon
dactylon).

×Gardenershaveadaptednatural vegetativeor clonal
reproduction to obtain plants that are alwaystrue to
parent.

×Clonal propagationscarries somedangers. Genetically
identical plants carry the samesusceptibility to diseasesand
pests(e.g. Dutch elmdiseasein English elmsin 1960-1970).

Natural Grafting



2. Propagationin thePast
ORIGINS OF PROPAGATION BY SEED

×Thecultivationandpropagationof plantsbeganwhenhumantribes
abandonedtheirnomadic(migrant), hunter-gathererwayof life tolivein settled
communities.

×Thischangeis oftenreferredas ᵒ AgriculturalRevolution ,o mainlytheresultof 
a remarkableaccidentthatledtothedevelopmentof ñBreadWheatò.

×Thisbiologicalmiracletookplacein about8.000 BC in theMiddleEast that
wasthetriggerfortheadventof farming.

×Ancient civilizationsthroughouttheWorld grewa widerangeof foodcrops, 
includinggrainsfromseeds.

×InGreekandRoman times, writersrecordedcurrentmethodsof propagation
in somedetails.

×Olives, datepalms, andcypressesweregrownfromseedsas wellas otherfood
plantssuchas cabbages, turnips, lettuces, andherbs.

×Greekssoakedseedsin milkorhoneytositumulategermination.



Continuedé
ORIGINS OF VEGETATIVE PROPAGATION

×Propagation from cuttings beganwhen rooted shootsor suckerswere detachedand
replanted.

×Middle East settlersdiscoveredhow to propagatesuperior forms of grapes, olives, and
figs.

×By 2.000 BC, grafting fairly commonin Greece, Middle East, Egypt, and China. The
earliest form of grafting wasprobably approachgrafting .

×The Romans were amongthe first to practice detachedsciongrafting .

×Other natural vegetativereproduction methodswere exploitedby propagating from
food-storageorganssuchas bulbs, tubers, and rhizomes. Plants increasedin this way
included onion and garlic (Mediterranean), sugarcane(Tropical Africa), banana (India and

Indonesia), potato and pineapple(South America), and bamboo (Asia).

×Simple layering wasadaptedfrom natural layering of wild plants.

×Romans were layering grapesin the 1st century BC.

×Air layering probably beganto be used4.000 yearsagoin China.



Continuedé
VICTORIAN ERA (1837 -1901) INFLUENCES

×A wealth of new and exciting plants werediscoveredand traded in the 18th and 19th centuriesin 
the western world .

×Victorianswerevery intentive (creative) in both the construction and design. Their methodsof 
controlling temperature and levelsof light and humidity in the growing environment of the
glasshousewere impressivelycomplex.

×The propagation equipment that wasavailable to Victorian gardenerswasfairly primitive
comparedto modern advances, but their ideasstill form the basisof todayôstechnology.

×They usedcold frames and hot bedsto control temperature and humidity .

×Bell jars were effectivefor raising small quantities of plants from seeds, stemor root cuttings, 
and evengrafted plants.

×Towards the endof 19th century, gardenerssplit the baseof a cutting and placeda wheat grain
inside the split before inserting the cutting in soil mix. As the wheat seedabsorbedwater and
beganto germinate, releasedgrowth-promoting substanceshelpedthe cutting root more easily.

×This practice becameobsolete(old-fashioned) after 1940 with the introduction of synthetic
rooting hormones, auxins.



3. Modern Propagation

MIST PROPAGATION

ÁThe intermittent mist propagation system
wasdesignedin 1950s for rooting stem
cuttings.

ÁThe unit providesbottom heating to
promote rooting, and constantregulated
humidity to keepthe cuttings moist and cool.

ÁToday, insteadof a soil thermostat, digital
sensorsspacedevenlythrough the bed and
linked to a central systemare often used.

ÁMist propagation is widely usedin 
commercial propagation and is useful for
gardeners.



Continuedé
PLASTIC FILM

ÁAnotherdevelopmentof the1950s wasplasticfilm.

ÁCuttingsareprovidedwithbottomheatandtheplastic
film (a sheetof clearplastic) is coveredthemin orderto
createa sealedenvironmentwhichmaintainhigh
humidityaroundthetop of cuttings.

ÁThissystemis easilyadoptedbygardeners, although
rottingcan be a problem in cooltemperatures.

ÁPlasticfilm can alsobe usedwithcoldframestowarm
soilbeforecuttingsorseedsareinsertedandthento
covernewplantsin theframe.

FOG PROPAGATION

ÁOneof themain developmentsin themid-1980s wasfog
propagation, whichprovidesa muchsmallerwater
dropletsthanmist-propagation, sothattheairremains
moistfora muchlongerperiod.

ÁThissystemalsoavoidswettingthefoliage, as in mist
propagation.

ÁItis ideal forcuttingsorseedlingsthatareprone(yatkēn) 
torotting. 



Continuedé
SEED TREATMENTS

ÁSeedpriming usethe natural ability of someseedsto
interrupt developmentif soil conditions are unfavorable.

ÁIt improvesspeedand uniformity of germination.

ÁTiming of the treatment is critical . True germination does
not ocur until seedsowing.

ÁIn commerce, seedsare germinated or scarified, until the
radicle emerges, then packed, and sent out for immediate
sowing.

ÁScarification is very useful for hard-coatedseeds, especially
for vegetables.

ÁPelletedseedsare coatedwith an inert material, suchas 
polymer, that splits or softenson contact with water. Coating
may contain fungicides, nutrients, and a fluorescentdye.

ÁThe pellet makessowingeasier, particularly small seeds, 
thus reducing losses.

SeedScarification

SeedPelleting

ŶSandPaper



Continuedé
MICROPROPAGATION

ÁThis technique, developedin the 1960s, is usedto propagatehugenumber of plants from
a small amount of material.

ÁIt enablesto obtain newplants from genotypesthat are difficult -to-propagateby
traditional methods, new cultivars, and virus-free stocksof horticultural crops.

ÁMicropropagation usually involvesgrowing piecesof plant tissuein vitro in sterile 
laboratory conditionswhich is possiblebecauseof the ability of mostplants to regenerate
from a singlecell.

ÁTissuefrom the shoot-tip meristem is mostoften used. But root tips, calluses(form on 

wounds), anthers, flower buds, leaves, seeds, or fruits may alsoprovide suitable tissue.

ÁTemperature, light , nutrients, and hormonesare regulated in specificallydesigned
growing rooms.

ÁThe resulting (acclimated) plants are grown in greenhouseconditions.

ÁViruses and other systemicdiseasesrarely penetrategrowing tips, somicropropagated
plants are normally disease-free.



Stagesof InVitroMeristem Culture
Establishmentwith GA Shootformation-BA Shootproliferation with BA

Rooting medium with Auxin Tissuecultured plantlets Acclimatization



Continuedé

THE FUTURE OF PROPAGATION -GENETIC ENGINEERING

ÁForeigngeneswithknown, desirablecharacteristicsaretransferredintoanotherplant
cell.

ÁThistechnologyinvolvesmolecularbiology, andverycomplex.

ÁAn averageplanthas 20.000 differentgenes, of whichtheremaybe fivemillioncopiesin 
a singlecell, sodeterminingwhichgene is responsibleforwhichcharacteristicscan be 
difficult.

ÁGene transfer operationdemandsspecialtechniques.

ÁThefinished(GeneticallyModified) cellis micropropagatedtoproducea stockplantfor
propagation.

ÁGeneticengineeringhas a greatpotentialtoenhancetheusefulnessof existingplantsand
tocreatenewones.

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

ÁGMOsarestillbannedin manycountriesof EU, Asia, Africa, evenin America.







Continuedé
THE FUTURE OF PROPAGATION                                                                      
(ARTIFICIAL SEEDS -SOMATIC EMBRYOGENESIS )

ÁNaturally fertilized seedscontain genesfrom two parents, but the two seedsare not identical.

ÁNowadays, it is possibleto createartificial seeds(somaticembryos) from vegetativetissue.

ÁThis technologyinvolvesisolating embryosand giving them a synthetic coating.

ÁBy this way, vastnumbers of geneticallyuniform seedscan be produced which give rise to
geneticallyidentical plants.



ContinuedΧ
THE FUTURE OF PROPAGATION 
(MICROGRAFTING )

ÁIn micrografting , very small piecesof different
plant tissuesare usedto producedisease, and virus-
free plants, or mother plants especiallyfor fruit trees
& grapevines.

ÁAs a first step, seedlingrootstocksare raised in 
sterile conditions.

ÁWhen a seedlingreachesthe first true leaf stage, it 
is micrografted with the tiny, virus-free meristem tip 
of desiredplant (a).

ÁAfter about six-month growing in controlled
conditions (b-c), micro-grafted plants are ready for
normal planting (d).

ÁVirus-free, micropropagatedclonal rootstocksmay
alsobe usedto avoid the geneticvariability that can 
occur with seedlingrootstocksin fruit tree
micrografts.

a c

b d



4.
SexualReproduction
(Propagationby Seed)



What is Seed?
üThe term óseedô is often looselyusedto describeplanting
material for vegetativelypropagatedcrops, including stemand
root cuttings of cassavaand sweetpotato, and suckersof bananas, 
as well as true seed. 

üSeedis usedin the narrower sense, to meana propagating organ 
formed in the sexualreproductive cycleof flowering plants, called
true seeds.

Dandelion seedshavetiny parachutes. Maple seedshave wings that act like little

gliders. Burdock seedsare coveredwith tiny hooks that cling to animal fur.



PollinationŸFertilizationŸSeedFormation

(Zygote)



SeedPlants

ÁSeedplantsarecalledspermatophytes. 

ÁTheevolutionof seedsbyvascularplantswas
a verybigdeal. 

ÁInfact, it wasarguablyas importantas the
evolutionof vasculartissues.

ÁSeeds solvedtheproblem of releasing
offspringintoa dryWorld,                        
calledas seeddispersing. 

ÁOnceseedsevolved, vascularseedplantsand
theirdescendantsdiversified(­eĸitlendirme) to
fillterrestrialnicheseverywhere. 

ÁToday, vascularseedplantsdominateEarth.

https://www.ck12.org/c/biology/vascular-plants
https://www.ck12.org/c/biology/terrestrial


Classificationof SeedPlants

. ÁThe two major typesof seedplants are; 

VGymnosperms(seedsin cones)-Ginkgoes, Conifers, Cycads, Gnetales

VAngiosperms(seedsin ovariesof flowers)-Flowering Plants that makeup

almost90% of all plant specieson Earth. 



Typesof AngiospermPlants(Monocots& Dicots)



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.



Structure of a Dicot Seed?

A dicotseedisa matured ovule containing
an embryothat is usually the result of
óDoubleFertilizationô.

Everydicot seedconsistsof;

üAn embryo(rudimentaryplantinside theseed)

üStorage tissue (cotyledons & endosperm). 

üOuter covering(seed coat & pericarp).



Main Aspectsof Sexual(Seed) Propagation
üSexualpropagation is the raising of plants by meansof seedwhich is formed due
to the fusion of maleand femalegameteswithin the ovuleof a flower. 

üPlants that are produced from seedsare calledseedlings.

üProducing plants from seedsis the most important propagation method for
agronomic, forestry, vegetable, and flowering beddingplants. 

üThesemethodsvary from field seedingoperationsto very sophisticated
greenhousetransplant production systems. 

üVegetablesmay be started by direct field seedingor from transplants. 

üFlowering beddingplants and herbaceousperennialsas ornamental plants are
started primarily as transplants grown in small transplant containerscalledplugs. 

üWoody seedlingsas fruit treesand forest treesare usually started from field
transplant bedsat closespacingto producebare-root liners for nursery production
or understocksfor grafting.

üSeedling production involvescareful managementof germination conditionsand
knowledgeof the requirementsof individual kinds of seeds.



SeedGermination



Two Typesof SeedGermination



Sources of 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 seedswere obtained as by products of canneries, 
cider presses &  dry yards.



Handling Procedures of Seeds

Dry Fruits (Nut Fruits)

×Drying

×Extraction (removingthehard shell)

×SeedConditioning (cleaning) 

FleshyFruits

×Maceration (softening of seedcoat)

×Fermentation or Acid Treatments

×Flotation

×Drying



Seed Longevity

Short-Lived Seeds

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

BeechԋFagusB̈͂irch 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

(Sardunya), Morning Glory
(G¿nd¿z Sefasē)

(Have hard seed coats that 

impermeable to water.

Maximum life is 75-100 years, 

perhapsmore).



Viability Determination for Seeds

1. Standard Germination Test

Tree and shrub seedsoften require special 

pre-germination treatments

2. Excised Embryo Test

Usedfor woody shrubs and trees whose 

dormant embryos require long cold-

treatment periods to break dormancy

3. Tetrazolium Test   

A biochemical method of viability 

determined by the red color appearence 

when seedsare soaked in a 2,3,5 

triphenyltetrazolium chloride solution

4. X-ray Analysis

X-ray photographs of seedscan be used as a 

rapid test for seed soundness



Seed Dormancy

üDormancy is a condition where seedswill not 
germinate even when the environmental conditions 
(water, temperature and aeration) are permissive for germination.

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



Types of Seed Dormancy

Primary Dormancy

ÅExogenousDormancy: 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 factors 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 seedsof trees & shrubs.

SecondaryDormancy

ÅIf seedsfail to germinate after 
primary dormancy is broken, this is 
called Secondary Dormancy.

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



Methodsto Break Dormancy
(Breaking Seed-CoatóExogenousô Dormancy)

Puncturing or scarifying the seed coat by piercing(oyma), nicking (­entiklemek), chipping (yontma)or 
filing (tºrp¿leme)with a knife, needle or sandpaper are preferred procedures to overcome seed-coat 
dormancy. 

1. Manual Scarification is effective at any point on the seed coat, but the micropylar region should 
be avoided as it is the most sensitive part of the seed where the radicle is located.

2. Acid Scarification-ISTA also recommends using concentrated sulphuric acid for 2-45 minutes 
depending on the species to scarify the seed coat. This method is expensive and dangerous, 
however, and should be followed with caution. 

3. Removingthe SeedCoat-If seed-covering structures prevent growth of the embryo, these
structures can be removed to allow germination. 

4. Leaching or Soaking-If the seed coat contains inhibitors that prevent or delay germination, they 
can be leached out by placing the seed under running water for several hours or soaking the seed 
in a large volume of water that is changed every 6 to 12 hours. 

5. Hot Water Treatment-To remove the waxy covering and allow imbibition, place the seeds in 
water at 75ÁC for three to six minutes. Care must be taken not to use high temperatures for long 
periods or boil the seeds. 



Methodsto Break Dormancy
(Breaking EndogenousóPhysiologicalô Dormancy)

1. Pre-Chilling (ColdStratification)-Seeds are placed in containers on a moistened germination substrate and 
kept at 3Á-5ÁC in a refrigerator for seven days. For more dormant seeds, the treatment may be extended to 
14 days. Once the stratification is complete, the containers are removed to incubators.

2. Pre-Heating-Seeds are treated at a temperature not exceeding 40ÁC for up to seven days with free air 
circulation before germination. 

3. Gibberellic acid-Germination test paper is moistened with a 0.05%(500 ppm) solution of Gibberellic 
acid (GA), prepared by dissolving 500 mg of GAin 1 l water. 

4. PotassiumNitrate-A 0.2% solution of potassium nitrate (KNO) ïprepared by dissolving 2 g KNO  in 1 
l water ïis used to moisten the germination paper at the beginning of the test. 

5. Light -Light may or may not be required for germination, depending on the species. When using constant 
temperatures for germination of species where light is required, the tests should be illuminated for at least 
eight hours of every 24-hour cycle. When alternating temperatures are used, any necessary application of 
light should coincide with the high-temperature cycle. Light intensity should be 750-1250 lux from cool, 
white lamps. 

6. Sodium Hypochloride- NaOCl is effectiveto overcomeseeddormancy by decomposinggermination
inhibitors , scarifying the seedcoatand increasingalpha-amylaseactivity. 

7. Gamma Radiation-Low dosesof gamma radiation havebeenreported to increaseseedgermination.



SeedTreatments to Improve Germination
1. SeedProtectants

1.1 Chemical treatments to control soil-born fungal, bacterialdiseasesand peststhat arecompatiblewith
beneficialsoil microorganisms.

1.2 Thermotherapy-Hot watertreatmentand other seed-disinfectants(chlorine bleach, HCl, trisodium phosphate).

1.3 Biocontrol by beneficialmicroorganisms-Bacillus thuringiensis, Rhizobiumssp., Fluorescent
pseudomonads, Beauveriabassina, Caudovirales.

2. SeedCoating

2.1 Pelleting is enclosingof seedin a filler ( inert) material using an adhesivewith bioactivechemicalsto ensure
singling of seedand size increasesfor easyhandling.

2.2 Polymer film coating is a processinvolving the applicationof a thin waterpermeablepolymerbasedcoating
layeronto theseed.

3. Germination Enhancement

3.1 Seedsizing is fractionation or sorting of matureseedsinto small, mediumor largesize.

3.2 Seedpriming is a process of regulating the germination process by managing the temperature and seed 
moisture content.

3.3 Pre-germination is sprouting the seeds in the absence of soil, and then transplanting the óliveô seed with a bit of 
root to soil, compost, or vermiculite. The two most common methods of pre-germination are moist paper towel and gel.



Advanced SeedTreatments
1. Sound and Ultra -Sound Treatments-White noise-refers tosoundsthat mask othersoundsthat might 

occur naturally in an environment- and bass sounds (300Hz) had a positive effect on the germination rate. Only 3h 
treatment produced an increase of about 8%, and 5h increased germination in about 10%.Acoustic waves with 
higher frequencies are known as ultrasounds(>20kHz). Ultrasounds have been successfully used as a priming 
technique in seeds of different species.

2. Electrical Field Treatments-Electric and magneticfieldsaffectbiologicalprocessesincluding free radicals, 
excitetheprotein andenzymeactivity to increasein seedvigor.

3. Irradiation -Gamma, UV, X-Ray, Laser.

4. Endophyte -A fungus that liveswithin plant without causingdiseasesuchas Epichloeand Piriformospora
indica.

5. Chitosan-A linear polysaccarideproducedby deacetylationof Chitin.

6. Intelligent Coating-A patentedtemperatureactivatedpolymerthat regulatesthe permeabilityof waterinto the
seed.

7. Nano Priming-Nanoparticlesusedfor priming to increasethegerminationrate, seedlinggrowthand vigor.



Advantages& Disadvantagesof Propagationby Seed

Advantages
1. Easiest and least expensive method.

2. Seedling plants 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. Apomictic 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.



Apomictic SeedFormation
In flowering plants, the term Apomixis  is commonly used for clonal reproduction through seeds.

1. Nonrecurrent Apomixis: In this type the megaspore mother cell undergoes the usual meiotic 
divisions and a haploid embryo sac [megagametophyte] is formed. The new embryo may then arise 
either from the egg (haploid parthenogenesis) or from some other cell of the gametophyte (haploid apogamy).
The haploid plants have half as manychromosomesas the mother plant, and the process is not 
repeated from one generation to another (which is why it is called nonrecurrent). 

2. Recurrent Apomixis (more often calledGametophyticApomixis): In this type, the 
megagametophytehas the same number of chromosomes as the mother plant because meiosis was 
not completed. It generally arises either from anarchesporial cell (part of a megasporangiumand dividesto
giverise to a megasporocyte) or from some other part of thenucellus.

3. Adventive Embryony, (Sporophytic Apomixis, Sporophytic Budding, or Nucellar Embryony): 
Here there may be a megagametophytein the ovule, but the embryos do not arise from the cells of 
the gametophyte; they arise from cells of nucellusor the integument. Adventive embryony is 
important in several species ofCitrus, in Mangosteen(Garcinia mangostana), SweetSpurge Tatlē
S¿tleĵen(Euphorbiadulcis), Mango (Mangifera indica) etc.

4. Vegetative Apomixis: In this type, the flowers are replaced bybulbils or other vegetative 
propagules which frequently germinate while still on the plant. Vegetative apomixis is important 
in Allium , Fragaria, Agave, and some grasses, among others.

https://en.wikipedia.org/wiki/Cloning
https://en.wikipedia.org/wiki/Megagametophyte
https://en.wikipedia.org/wiki/Chromosomes
https://en.wikipedia.org/w/index.php?title=Archesporium&action=edit&redlink=1
https://en.wikipedia.org/wiki/Nucellus
https://en.wikipedia.org/wiki/Nucellar_embryony
https://en.wikipedia.org/wiki/Ovule
https://en.wikipedia.org/wiki/Citrus
https://en.wikipedia.org/wiki/Garcinia
https://en.wikipedia.org/wiki/Euphorbia
https://en.wikipedia.org/wiki/Mangifera_indica
https://en.wikipedia.org/wiki/Bulbils
https://en.wikipedia.org/wiki/Allium
https://en.wikipedia.org/wiki/Fragaria
https://en.wikipedia.org/wiki/Agave




Seedling Production Systems
(Field Seeding)

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

ÅExamplesare;

VField crops,

VLawn grasses, 

VVegetablecrops,

VWoody perennials.

Rice Lawn

Onion Conifers



Seedling Production Systems
(Field Seedingfor Reforestationor Naturalizing)

ÅField seedingof forest trees
is accomplishedin 
reforestation either natural
seeddisseminationor
sowing.

ÅMajor problem is very
heavylossesof seedsand
youngplants resulted from
predation by insects, birds, 
and animals, drying, hot 
weather, and diseases.

ÅSeeds shouldbe coatedwith
a bird and rodent repellent.



Seedling Production Systems
(Field Nurseriesfor Seedling Production)

ÁSeeds are planted
closelyin bedsfor
growing the seedlings
of;

VConifers,

VDecidiousplantsfor
forestry& ornamentals,

VRootstockseedlingsfor
somefruit & nut tree
species.

Seedbedsready for sowing Coverageof seedbedswith burlap

Weedcontrol betweenrows Five-row drill for transplanting



Seedling Production-Fruit Rootstocks
Apple Citrus Pear Citrus

Gisela-Cherry St.Julien-Plum

Apple Sour Cherry

Macademia Myrobalan-Plum



Seedling Production-Vegetables
Bean Broccoli Cabbage Cucumber Tomatoes

Garlic Kohlrabi Leek Lettuce

Pepper Pumpkin Radish Watermelon

Kale


