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WHAT IS PLANT PROPAGATION ?
Plant Propagation;
 is the process of creating new plants from a variety of
sources such as seeds, cuttings, and other plant parts.
 is multiplying plants and preserving their unique
characteristics by sexual and asexual methods.
 is defined as multiplication of plants by both sexual and
asexual means.
 can also refer to the natural or artificial dispersal of plants.
 is an art and science of re-producing plants; requires
knowledge, skill, and practice.
 Propagation methods are broadly classified as sexual (seed,
generative) and asexual (vegetative).

1. LEARNING FROM NATURE
REPRODUCTION FROM SEEDS
 Sexual reproduction always remains the most important method of propagation for
many plants.
 Sexual reproduction can give rise to botaniacal subspecies or varieties, whose
characteristics deviate to some degree from their parents. This is most marked in
mountainous areas where some plants are isolated on a valley floor or alpine peak
from the more widespread species.
 Geographical isolation can also result in endemism means a species limited to one
locality.
 In the wild, plants disperse hundreds or even millions of seeds in order that a few
seedlings might survive to maturity.

 Humankind has also benefited from the genetic diversity of seeds, selecting forms
that may have died out in the wild and developing from them new plants with great
value in cultivation.

Origins of Cultivated Plants – N. Vavilov

Endemic Species
Crying Tulip-Türkiye

Flower of Love-Türkiye

Plants of Altai Mountains

CONTINUED…
VEGETATIVE REPRODUCTION
 Nature has overcome the limitations of seeds by adopting
asexual reproduction also, producing offspring (clones) that are
genetically identical to the parent.
 Plants have many ways of increasing vegetatively from
modified roots or stems.
 Some plants can regenerate shoots or roots from growth tissue
to produce new plants (runners or layers), others from
specialized organs, including stem tubers (potatoes), corms
(crocuses), and pseudobulbs (Cymbidium orchids).
 Vegetative reproduction allows some plants to colonize an area
more rapidly than by seeds (e.g. Bermuda grass – Cynodon dactylon).
 Gardeners have adapted natural vegetative or clonal
reproduction to obtain plants that are always true to parent.
 Clonal propagations carries some dangers. Genetically identical
plants carry the same susceptibility to diseases and pests (e.g.
Dutch elm disease in English elms in 1960-1970).

Natural Grafting

2.PROPAGATION IN THE PAST
ORIGINS OF PROPAGATION BY SEED
 The cultivation and propagation of plants began when human tribes abandoned their
nomadic (migrant), hunter-gatherer way of life to live in settled communities.

 This change is often referred as ̎ Agricultural Revolution ̎, mainly the result of a
remarkable accident that led to the development of bread wheat.
 This biological miracle took place in about 8.000 BC in the Middle East that was the
trigger for the advent of farming.
 Ancient civilizations throughout the World grew a wide range of food crops, including
grains from seeds.
 In Greek and Roman times, writers recorded current methods of propagation in
some details.
 Olives, date palms, and cypresses were grown from seeds as well as other food
plants such as cabbages, turnips, lettuces, and herbs.

 Greeks soaked seeds in milk or honey to situmulate germination.

CONTINUED…
ORIGINS OF VEGETATIVE PROPAGATION
 Propagation from cuttings began when rooted shoots or suckers were detached and replanted.
 Middle East settlers discovered how to propagate superior forms of grapes, olives, and figs.
 By 2.000 BC, grafting fairly common in Greece, Middle East, Egypt, and China. The earliest form
of grafting was probably approach grafting.

 The Romans were among the first to practice detached scion grafting.
 Other natural vegetative reproduction methods were exploited by propagating from food-storage
organs such as bulbs, tubers, and rhizomes. Plants increased in this way included onion and garlic
(Mediterranean), sugar cane (Tropical Africa), banana (India and Indonesia), potato and pineapple (South
America), and bamboo (Asia).
 Simple layering was adapted from natural layering of wild plants.

 Romans were layering grapes in the 1st century BC.
 Air layering probably began to be used 4.000 years ago in China.

CONTINUED…
VICTORIAN ERA (1837-1901) INFLUENCES
 A wealth of new and exciting plants were discovered and traded in the 18th and 19th centuries in
the western world.
 Victorians were very intentive in both the construction and design. Their methods of controlling
temperature and levels of light and humidity in the growing environment of the glasshouse were
impressively complex.
 The propagation equipment that was available to Victorian gardeners was fairly primitive
compared to modern advances, but their ideas still form the basis of today’s technology.
 They used cold frames and hot beds to control temperature and humidity.
 Bell jars were effective for raising small quantities of plants from seeds, stem or root cuttings,
and even grafted plants.
 Towards the end of 19th century, gardeners split the base of a cutting and placed a wheat grain
inside the split before inserting the cutting in soil mix. As the wheat seed absorbed water and
began to germinate, released growth-promoting substances helped the cutting root more easily.
 This practice became obsolete (old-fashioned) after 1940 with the introduction of synthetic
rooting hormones, auxins.

3.MODERN PROPAGATION
MIST PROPAGATION
 The intermittent mist propagation system was
designed in 1950s for rooting stem cuttings.
 The unit provides bottom heating to promote
rooting, and constant regulated humidity to
keep the cuttings moist and cool.
 Today, instead of a soil thermostat, digital
sensors spaced evenly through the bed and
linked to a central system are often used.
 Mist propagation is widely used in commercial
propagation and is useful for gardeners.

CONTINUED…

Plastic Film in the Greenhouse

PLASTIC FILM
 Another development of the 1950s was plastic film.
 Cuttings are provided with bottom heat and the plastic film
(a sheet of clear plastic) is draped over them in order to
create a sealed environment which maintain high humidity
around the top of cuttings.
 This system is easily adopted by gardeners, although rotting
can be a problem in cool temperatures.
 Plastic film can also be used with cold frames to warm soil
before cuttings or seeds are inserted and then to cover new Fogging
plants in the frame.

FOG PROPAGATION
 One of the main developments in the mid-1980s was fog
propagation, which provides a much smaller water droplets
than mist-propagation, so that the air remains moist for a
much longer period.
 This system also avoids wetting the foliage, as in mist
propagation.
 It is ideal for cuttings or seedlings that are prone to rotting.

CONTINUED…
SEED TREATMENTS

 Seed priming exploits the natural ability of some seeds to
interrupt development if soil conditions are unfavorable.
 It improves speed and uniformity of germination.

 Timing of the treatment is critical. True germination does not
ocur until seed sowing.
 In commerce, seeds are germinated or scarified, until the radicle
emerges, then packed, and sent out for immediate sowing.

Seed Scarification

 Scarification is very useful for hard-coated seeds, especially for
vegetables.
 Pelleted seeds are coated with an inert material, such as
polymer, that splits or softens on contact with water. Coating may
contain fungicides, nutrients, and a fluorescent dye.
 The pellet makes sowing easier, particularly small seeds, thus
reducing losses.

Seed Pelleting

CONTINUED…
MICROPROPAGATION

 This technique, developed in the 1960s, is used to propagate huge number of plants from a
small amount of material.
 It enables plants that are difficult-to-propagate by traditional methods, new cultivars, and virusfree stocks of horticultural crops.
 Micropropagation usually involves growing pieces of plant tissue in vitro in sterile laboratory
conditions which is possible because of the ability of most plants to regenerate from a single cell.
 Tissue from the shoot-tip meristem is most often used. But root tips, calluses (form on wounds),
anthers, flower buds, leaves, seeds, or fruits may also provide suitable tissue.
 Temperature, light, nutrients, and hormones are regulated in specifically designed growing
rooms.

 The resulting (acclimated) plants are grown in greenhouse conditions.
 Viruses and other systemic diseases rarely penetrate growing tips, so micropropagated plants
are normally disease-free.

CONTINUED…
THE FUTURE OF PROPAGATION - GENETIC ENGINEERING

 Foreign genes with known, desirable characteristics are tranferred into another plant cell.
 This technology involves molecular biology, and very complex.
 An average plant has 20.000 different genes, of which there may be five million copies in a single
cell, so determining which gene is responsible for which characteristics can be difficult.
 Gene transfer operation demands special techniques.
 The finished (Genetically Modified) cell is micropropagated to produce a stock plant for
propagation.
 Genetic engineering has a great potential to enhance the usefulness of existing plants and to
create new ones.
 Current works are aimed at improving resistance of crops to diseases, pests, and abiotic
stressors such as cold, drought, salinity as well as crop yield and quality.
 GMOs are still banned in many countries of EU, Asia, Africa, even in America.

CONTINUED…
THE FUTURE OF PROPAGATION - ARTIFICIAL SEEDS (SOMATIC EMBRYOGENESIS)
 Naturally fertilized seeds contain genes from two parents, but the two seeds are not identical.
 Nowadays, it is possible to create artificial seeds (somatic embryos) from vegetative tissue.
 This technology involves isolating embryos and giving them a synthetic coating.

 By this way, vast numbers of genetically uniform seeds can be produced which give rise to genetically identical plants.
No endosperm or seed coat is formed around a somatic embryo.

CONTINUED…
THE FUTURE OF PROPAGATION - MICROGRAFTING
 In micrografting, very small pieces of different plant
tissues are used to produce disease, and virus-free plants,
or mother plants especially for fruit trees & grapevines.
 As a first step, seedling rootstocks are raised in sterile
conditions.
 When a seedling reaches the first true leaf stage, it is
micrografted with the tiny, virus-free meristem tip of
desired plant.
 After about six-month growing in controlled conditions,
micro-grafted plants are ready for normal planting.
 Virus-free, micropropagated clonal rootstocks may also
be used to avoid the genetic variability that can ocur with
seedling rootstocks in fruit tree and grapevine micrografts.

PROPAGATION METHODS

4.
SEXUAL REPRODUCTION
(PROPAGATION BY SEED)

What is Sexual (Seed) Propagation ?
 Sexual propagation is the raising of plants by means of seed which is formed due to the
fusion of male and female gametes within the ovule of a flower. Plants that are produced
from seeds are called seedlings.
 Producing plants from seeds is the most important propagation method for agronomic,
forestry, vegetable, and flowering bedding plants.
 These methods vary from field seeding operations to very sophisticated greenhouse
tansplant production systems.

 Vegetables may be started by direct field seeding or from transplants.
 Flowering bedding plants and herbaceous perennials are started primarily as transplants
grown in small transplant containers called plugs.

 Woody seedlings are usually started from field transplant beds at close spacing to
produce bare-root liners for nursery production or understocks for grafting.
 Seedling propagation involves careful management of germination conditions and
knowledge of the requirements of individual kinds of seeds.

Pollination – Fertilization – Seed Formation

What is a Seed?
Seed : A matured ovule
containing an embryo that is
usually the result of sexual
fertilization.
Every dicot seed consists of :
 An embryo
 Storage tissue (cotyledons &
endosperm)
Outer covering (seed coat &
pericarp)

Seed Germination

Two Types of Seed Germination

Monocot & Dicot Examples
Monocots: 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)

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

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

Handling Procedures of Seeds
Dry Fruits (Nut Fruits)

Fleshy Fruits

Drying

Maceration (softening of seed coat by soaking)

Extraction (removing the hard shell)

Fermentation or acid treatments
Flotation
Drying

Seed conditioning (cleaning)

Seed Longevity
Short-Lived Seeds
Certain Spring
Ripening TemperateZone Fruits

PoplarˈPopulusˈ
MapleˈAcerˈ
WillowˈSalixˈ
ElmˈUlmusˈ

Many Tropical Plants

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

Many Tree Nut &
Similar Species with
Large Cotyledons

BeechˈFagusˈ
BirchˈBetulaˈ
BuckeyeˈAesculusˈ
ChestnutˈCastaneaˈ, Hazel
ˈCorylusˈ, PecanˈKaryaˈ,
OakˈQuercusˈ,
WalnutˈJuglansˈ

Orthodox (Conventional) Seeds
Fruit Trees, Conifers

Medium-Lived Seeds

(Remain viable 2-3, perhaps
15 years when stored at low
humidity, low temperature)

Legumes, Geranium,
Morning Glory

Long-Lived Seeds

(Have hard seed coats that
impermeable to water.
Maximum life is 75-100
years, perhaps more).

Viability Determination for Seeds
1. Standard Germination Test of
viability

Tree and shrub seeds often require
special pre-germination treatments

2. Excised Embryo Test

Used for 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.
•Seeds of many tree & shrub species require specific
treatments to overcome dormancy.

Types of Seed Dormancy
Primary Dormancy

Secondary Dormancy

Exogenous Dormancy: Hard seed

•If seeds fail to germinate after
primary dormancy is broken, this is
called Secondary Dormancy.

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.

•Endogenous Dormancy: Controlled

by interactive effects of hormones such
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 °Ϲ for the seeds
of trees & shrubs.

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

Seed Treatments to Improve Germination
1. Seed Protectants
Chemical treatments
Thermotherapy (hot water or hot air treatments to eliminate diseases)
Biocontrol by beneficial microorganisms

2. Seed Coating
Pelleting
Polymer film coating

3. Germination Enhancement
Seed sizing
Seed priming (a low-cost technique of soaking seeds in a solution containing Zn (or other
micronutrients) for a specified time)

Pre-germination

Advantages & Disadvantages of Propagation by Seed
Advantages
1. Easiest and least expensive method.
2. Seedling plants (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

Field Nurseries For
Transplant Production

• Relatively low density in the location •Seeds are planted closely in beds
where plants are to remain during
for growing transplants of conifers,
the production cycle.
decidious plants for forestry,
ornamentals, and to provide
•Examples are agronomic (field) crops,
rootstock seedlings for some fruit &
lawn grasses, many vegetable crops,
nut tree species.
some woody perennials.

Seedling (Transplant) Production Systems

Field Seeding for
Reforestation or
Naturalizing
• Field seeding of forest trees is
accomplished in reforestation
either natural seed dissemination
or sowing.
• Major problem is very heavy
losses of seeds and young plants
resulted from predation by
insects, birds, and animals,
drying, hot weather, and diseases.
• Seeds should be coated with a bird
and rodent repellent.

5.
ASEXUAL (VEGETATIVE) PROPAGATION

What is Asexual (Vegetative) Propagation ?
 is the creation and development of a plant by asexual means. This development
occurs as a result of fragmentation and regeneration of a plant part or by growth
from specialized vegetative plant parts.
 refers to the process of plant reproduction whereby a fragment of a parent plant
is taken in order to produce more plants (clones). These fragments, known as
cuttings, are able to form root and grow into full plants.
 is a form of asexual reproduction of a plant. Only one plant is involved and the
offspring is the result of one parent. The new plant is genetically identical to the
parent.
 is a method creating new plants from the roots, stems, leaves, specialized
organs of a gardener's healthiest, highest-yielding plant, commonly referred to as
the mother plant.
 can reproduce new plants naturally, or artificially induced.
 is referred to simply as cloning or clonal propagation.

Types of Asexual (Vegetative) Propagation
NATURAL ARTIFICIAL

Bulbs

Cutting

Corms

Grafting

Rhizomes Layering
Runners

Suckering

Tubers

Tissue
Culture

Reasons for Using Vegetative Propagation
1. Convenience and Ease of Propagation
Some species of woody perennials can be propagated more easily,
conveniently, economically by vegetative methods than by seed.

2. Selection and Maintenance of Cultivars/Clones
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
Most 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 Reproductive Maturity (Juvenility)
Vegetatively propagated fruit & nut cultivars will flower at a younger age than
seedlings.

Propagation by Cutting

Anatomical and Physiological Basis of
Propagation by Cutting
•Totipotency
Each living cell contains the genetic information necessary
for reconstitution of all plant parts and functions.

•Dedifferentiation
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 always form shoots at the distal end (nearest the shoot tip), form
roots at the proximal end (nearest the crown),

Root cuttings always 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
Mostly prepared from matured previous season’s
hardwood in dormant season from decidious woody
perennials.
Many ornamental shrubs such as Ligustrum, Forsythia,
Wisteria, Honey Suckle, Salix, Populus, Cornus, Spirea,
Rose Rootstocks,
Some fruit species such as Olive, Fig, Quince, Mulberry,
Pomegranate, Currant, Some Plums and Grapes can easily
be propagated by hardwood stem cuttings.

1. Stem Cuttings
1.2 Semi-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 (Çay), Rose,
Pittosporum (YıldızÇalısı), Azalea
(Açelya), Euonymus (Taflan), Holly (Çoban
Püskülü), Rhododendron (Ormangülü),
Fuchsia (Küpe), Gardenia and a few
fruit species such as Olive & Citrus
can be propagated by semihardwood 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 (Altın
Çanağı), Magnolia (Manolya),
Weigelia (Gelin Tacı), Spireae (Keçi
Sakalı), Myrtus (Mersin),
Pyracantha (Ateş 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 (Paşa kılıcı),
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
Rhododendron are 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.

Propagation by Grafting & Budding

Terminology
Grafting (Aşılama) 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 (Göz aşısı) 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)(Anaç) is the lower portion of the graft, which develops into the root
system.

Interstock (intermediate, interstem)(Ara anaç) 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 winterhardy trunk or to take advantage of its growth-controlling properties.

Vascular Cambium (İletim 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).

Benefits of Topworking
1. An undesirable cultivar can be changed by grafting a preferred cultivar
to the branches.
2. Cultivars that lack hardiness or have poor crotches (narrow angled) can be
made more durable by topworking them on hardy, strong-crotched apple
cultivars such as Hibernal, Virginia, or Columbia Crab.
3. Pollinator cultivars can be grown much sooner by topworking than by
planting young trees or vines.
4. New cultivars can be brought into bearing in 2 or 3 years if topworked
on stock of bearing age.
5. Interesting novelties can be developed by grafting several cultivars on
one tree or vine.

Genetic Limits of Grafting & Budding in Woody Perennials
Within a Clone/Cultivar→Successful
Between Clones & Cultivars Within a Species→Successful
Between Species Within a Genus→Successful in some cases
•Most species in genus Vitis, Citrus, and Prunus 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.

Between Genera within a Family→A 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.

Between Families→Definetely 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 blossom time
providing that the use of 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
 One of the simplest and most popular forms of
grafting for top working fruit trees, grapevines,
woody ornamentals.
 Rootstocks should range from 2,5-10 cm in diameter,
scion should be about 6 mm in diameter.
 Scions should have 1-2 buds in grapevines, at least 3
buds in fruit trees and woody ornamentals.

How to Make Cleft Grafting?
(Preparing the Rootstock)
The stock should be sawed off with a clean,
smooth cut perpendicular (vertical) to the main
axis of the stem to be grafted.

Using a clefting tool wedge and a mallet, make
a split or "cleft" through the center of the
stock and down 5-7 cm.
Remove the clefting tool wedge and drive the
pick end of the tool into the center of the
newly made cleft so that the stock can be held
open while inserting the scion.

How to Make Cleft Grafting?
(Preparing and Inserting the Scion, Securing the Graft)
Preparing the Scion: One scion is usually inserted at each
end of the cleft, so prepare two scions for each graft. Select
scions that have one to four good buds depending on the
species. Using a sharp, clean grafting knife, start near the
base of the lowest bud and make two opposing smoothtapered cuts 2,5-5 cm long toward the basal end of the scion.
Cut the side with the lowest bud slightly thicker than the
opposite side. Be sure the basal end of the scion gradually
tapers off (sivriltme) along both sides.

Inserting the Scion: Insert a scion on each end of the cleft,
with the wider side of the wedge facing outward. The
cambium of each scion should contact the cambium of the
rootstock.

Securing the Graft: Remove the clefting tool from the

cleft so that the rootstock can close. Pressure from the
rootstock will hold the scions in place. Thoroughly seal all cut
surfaces with grafting wax or grafting paint to keep out
water and prevent drying. If both scions in the cleft "take,"
one will usually grow more rapidly than the other. After the
first growing season, choose the stronger scion and 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 wedgeshaped 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 Make Bark Grafting?

How to Make Splice Grafting?
Preparing the Stock and Scion:
Cut off the rootstock using a
diagonal cut 2-2,5 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 (boğulma) the
scion. Be sure to remove the
twine (ip) or strip as soon as the
graft has healed.

Splice Grafting in Avocado

Whip Grafting

3. Splice Grafting

•This method is used to join a scion onto the stem of a rootstock or onto an

intact rootpiece.
•This simple method is usually applied to herbaceous materials that callus or
heal easily, or it is used on plants with a stem diameter of 1,25 cm or less.
•In 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 cut 22,5 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 (boğulma) 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 periods 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 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 woodout. 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 currentseason’s vegetative shoots. 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)
Widely used by nurserymen in propagating nursery plants of most fruit
tree species, many ornamental trees, roses and some ornamental shrubs.
Used to stocks that are about 6 to 25 mm in diameter.
Bud is inserted into the stock 5 to 25 cm above the soil level in a smooth
bark surface.
There are two methods of preparing the shield “wood in” or “wood out”.
In june budding of fruit trees, the shield is usually prepared with the
“wood out”.

How to Make T-Budding?

2. Chip-Budding
 Seems to be more useful in areas with cool, short growing seasons.
 Can be performed at times when the bark is not splitting early spring
before growth starts or during the summer when active growth has
stopped.
 Genarally used with small material, 13-25 mm in diameter.
 For many years, chip-budding in the fall has given excellent results in
budding grape cultivars on phylloxera or nematode resistant rootstocks.
 Also used on a large scale on fruit and ornamental trees.
 Chip-budding is also widely used with bench or hand grafting machines or
devices for grafting grapevines, clonal apple and pear rootstocks, walnuts
and roses.
 In 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.
 The stock is not cut back above the bud until the union is complete.

Chip-Budding in Grapevines

3. Patch-Budding
 Patch budding is somewhat slower and more difficult than T-budding, but widely and
succesfully used on thick-barked species, such as walnuts and pecans.

 Requires that the bark of stock and bud stick be slipping easily.
 Usually done as fall-budding.
 As a nursery operation, diameter of rootstock and budstick should preferably the same,
about 13-26 mm, but patch can be inserted successfuly into stocks as large as 10 cm.
 Special knives have been devised to remove the bark pieces from the stock and
budstick.
 Some type of double-bladed knife that makes two tranverse parallel cuts 25-35 mm.
 There is a small core of wood, the bud trace, must remain inside the bud if a successful
take is to be obtain.
 By sliding the bark patch to one side, this core is broken off, and it stays in the bud, bud
patch is lifted off, this core wood will remain attached to the wood of the budstick.
 After the bud patch is removed from budstick, it must be inserted immediately on stock.

How to Make Patch-Budding?

Patch-Budded Rubber Trees

Grafting/Budding Machines
Recently, different types of machines or devices have been developed
to prepare graft or bud unions, or unite them.
Grafting machines or devices which are widely used for grafting or
budding of grapevines, some fruit trees, and woody ornamentals can
be classified as follows;
1. Bench grafters or hand grafters,
2. Hand or foot-operated, electrically or electro-mechanically powered,
3. Omega, whip, wedge (V), saddle or chip-shaped cut surfaces,
4. Manual, semi or full automatic for uniting the graft components.

Osman Nuri Ses

Layering

Trench-Layered Apple Rootstocks

Air-Layering
One-year-old, healthy and straight shoot is selected and ring of bark measuring about 2.5 to 4.0 cm just below a
swollen bud is removed.
The cut is then surrounded by sphagnum moss or any other material which can retain moisture for long period of
time, can be used for this purpose and is wrapped with a polyethylene strip (200–400 gauge).
Both ends are tied with fine rope or rubber bands to make it practically air-tight and after 30 to 45 days, roots
are formed in the aerial part of the plant. Ideal time is February–March and July–August.
Litchi, Lime, Papaya, Fig, Mango, Roses, Magnolia and Sweet Lime can be propagated by air layering.
Application of root promoting hormones at the time of layering helps to get profuse rooting within a short time.
Root promoting substances may be applied as powder or in lanolin or as a solution.
Papaya
Citrus
Mango

Trench (Continuous) Layering
Mother plants are planted at the base of a trench at an angle of 45° in rows.

The long and flexible stems of these plants are pegged down on the ground to form a
continuous line of layered plants.
The young shoots then arise from these plants are gradually mounded up to a depth of 1520 cm. Apple rootstocks, cherry, plum etc., can be propagated by this method.

Serpentine (Compound) Layering
Serpentine layering involves looping the stems of climbers in and out of the soil to
encourage roots to form at several points along the same stem.
This technique for each buried section is very similar to simple layering. Thin-stemmed
climbers need not be wounded.
Suitable for climbers with long flexible stems, such as Clematis, honeysuckle, Humulus
lupulus (şerbetçi otu), Parthenocissus, Vitis, Wisteria and Hydrangea anomala subsp. petiolaris.

Tip Layering
It can be achieved by bending of a plant stem (shoot) to the ground and covering
the tip with soil so that roots and new shoots may develop.
In tip layering, the tip of shoots are bend to the ground and the rooting takes
place near the tip of current season’s shoot.

Mound (Stool) Layering
Plants are headed back to 15-20 cm above the ground level during dormant season.

The new shoots come out within two months after heading back.
These sprouts are then girdled near base and rooting hormone (IBA), made in lanolin paste ,
and mounded with sawdust or moist soil.
The rooting of shoots is observed within 25–35 days.
The stooling is used in the commercial production of clonal rootstocks of temperate fruit
crops like apple, pear, cherry etc., and sometimes in guava also.

Mound-Layered Apple Rootstocks

Propagation By Specialized Organs

Bulbs
In botany, a bulb is structurally a short stem with fleshy leaves or leaf bases that function as food storage
organs during dormancy e.g. onion, lily, tulips, garlic, oxalis, amaryllis (nergis zambağı), narcissus, some orchids.
 Nearly all plants that form true bulbs are monocotyledons, excepting oxalis which is dicot.

True bulbs, such as onions, tulips, hyacinths (sümbül), and snowdrops, often have a papery skin or tunic on the
outside, much like an onion. Bulbs with a papery covering are called tunicate bulbs that protect the bulb from
drying out when it’s resting or waiting to be planted.

Corms

Corm, vertical, fleshy, underground stem that acts as a food-storage
structure in certain seed plants. Gladiolus, crocus, and crocosmia are classic
examples of corms.
It bears membranous or scaly leaves and buds, and, unlike in bulbs. Corms
have a fibrous covering known as a tunic, and the roots emerge from a
smooth area at the base known as the basal plate.

Corms are sometimes called solid bulbs, or bulbo-tubers, but they are
distinguished from true bulbs and tubers.

Runners (Stolons)
Runner (Stolon): It is a specialized stem which is produced from the leaf axil at the crown of
plant and prostrate horizontally. The roots appear at one of the nodes having contact with
soil.

After root formation in the new plant, the contact with the mother plant is automatically
detached and new plant can be separated and planted.
Strawberry is the typical example which is commercially propagated through runners.
Other examples are Mint (Mentha piperita) and Bermuda grass (Cynodon dactylon).
Strawberry

Bermuda Grass

Rhizomes
A rhizome is a modified stem structure in which the main axis of the plant grows
horizontally just below or on the surface of the ground.
Well-known examples are bamboo, iris, ginger.

Rhizomes of some species including ginger, turmeric (zerdeçal), and lotus are edible and valued
for their culinary applications.
Most species that make rhizomes are monocots.
Bamboo

Iris

Ginger

Tubers
Stem tuber: A tuber is specialized swollen underground stem which possesses eyes in regular
order over the surface. The eyes represent the nodes of the tuber. The arrangement of the nodes is
spiral, beginning with the terminal bud on the stolon to produce a new plant, the tuber is divided
into sections so that each section has a good amount of stored food and a bud or eye. Propagation
by tubers can be done either by planting the tubers whole or by cutting them into section, each
containing a bud or eye, e.g. Potato.
Tuberous roots: These are thickened tuberous growth that functions as storage organs. These
differ from the true stem tuber, in that they lack nodes and internodes, e.g. Sweet Potato, Cassava
and Dahlia.
Sweet Potato
Cassava
Dahlia

Micropropagation
1. Micropropagation is a technique of tissue culture used
to propagate plants using small fragments of the growing
tip, stem, leaves, auxillary buds, callus, embryo, anther,
pollen and even individual cells of parent plant which are
cultured in aseptic conditions and in artificial growth
medium (e.g. MS) supplemented with PGRs and vitamins.
2. Micropropagtion is widely used for propagation of some
fruit tree (apple, cherry, peach & nectarine, plum) clonal
rootstocks, also rapid and/or disease-free propagation of
banana, strawberry, blackberry, grapevine, mango,
coconut, papaya, litchi, recently.
3. Most common method is shoot-tip (meristem) culture
(explant size is about 0,25-1,00 mm).

Benefits & Limitations
BENEFITS
Large-scale multiplication in lesser time and space.
Production of disease-free plants.
Year-round production of plants.
Highly beneficial for difficult-to-propagate woody perennials.

Enables the production of female plants in dioecious fruit species (e.g. Papaya).

LIMITATIONS
The facilities and labor are high costly.

Requires trained personnel and specialized techniques.
Contamination can cause high losses in a short time.
Genetic variability can be a risk.

Developmental Stages in In Vitro Micropropagation
1: ESTABLISHMENT
Placing tissue (explant) into culture and initiation of microshoots. (GA₃)
2: MULTIPLICATION (SHOOT PROLIFERATION)
Inducing multiple shoot formation. (Cytokinin)
3: ROOT FORMATION (PLANTLET)
Initiating roots on microcuttings. (Auxin)
4: ACCLIMATIZATION
Gradually moving plants to open-air conditions.

Micropropagation of Apple Rootstocks

Meristem Culture in Grapevines

Disease-Free Avocado Rootstocks

Propagation by Apomictic Seed
Apomixis defines the ability to develop seed without fertilization, so it can be referred as
asexual seed production.

Apomictic Embryo is genetically identical to their parents. So, Apomictic Seeds are the
clones of mother plant that is found 10% of 400 plant families (e.g. Gramineae,
Compositae, Rosaceae, Asteraceae) and 1% of 40.000 species ( e.g. Citrus, Mango,
Blackberries, Dandelions (karahindiba), Garlic, Perennial forage grasses).

6.
PROPAGATION STRUCTURES & CONTAINERS

Propagation Structures
These are structures with temperature control, ample light and
humidity, where;
Seeds are germinated, and grown as seedlings,
Cuttings and grafted cuttings are rooted or grafted, and raised as
rootlings, or grafted-plants,
Plant propagules are micro-propagated or micro-grafted, and
grown as disease-free plants,
Young tender plants are hardened to transplanting outdoors.

1. Greenhouses and High Tunnels
 They can be used for all purposes of propagation.
 Covering materials for these structures are glass (expensive, fragile, superior light
transmittance) and plastic (lightweight, relatively inexpensive, short lived).
Plastic materials are classifed as flexible (polyethylene, polyvinyl flouride, polyvinyl
chloride) and rigid (fiberglass, acrylic 'plexyglass', polycarbonate).
 There are several types of greenhouses which can be fabricated. Frame work
of a greenhouses can be fabricated with wooden poles and flats, tubular steel
or aluminum frames.
 Greenhouses can be cooled mechanically in the summer by use of exhaust
fans at one end and cooling pads on the other end.
 Inside the greenhouse benches may be erected, beds may be laid as such in
greenhouse, mist irrigation system/ drip irrigation system, and bottom-heating
system are desirable.

Glass

Polycarbonate

Pollyhouses

Pollyhouses

Polycarbonate

Pollyhouses

Modern

Modern

Mist & Bottom Heating

High Tunnel

High Tunnel

2. Propagation Frames
 Small light weight frames of reed (kamış), metal even
bamboos etc. are fabricated and covered with
polythene sheets.
 These can be easily shifted from one place to
another.
 Frames should be of any size varying 2-5 meter in
length 2-3 meter wide and 1-3 m high at center of any
other convenient size.
 In these frames, generally propagation is done in
containers/ propagation pans (tava).
 Humidity is created by manual spraying of water.
 These are best suited for the small nurseries.

3. Nursery Beds
 Ideal

size of the bed is 1m to 1.2m wide. It should not be
wider than 1.2m for reaching the centre when weeding,
watering or manuring. Seedbeds which are narrower than
1m are a waste of land.
 The length of the bed is relatively less important, though
5m to 10m may be convenient for drainage purposes.
 If possible, the beds should be oriented from east to west to
provide better shade against the mid-day sun.
Paths should be 50cm to 60cm wide to provide adequate
working space. When the area for the beds has been
levelled, protect the corners and the edges.

4. Disinfection & Heat Therapy Unit
They are used for disinfection or HWT of propagating materials such as seeds,
rootstocks and scions at 50°Ϲ for 30 min. against fungal and bacterial pathogens.
HWT for Grapevine Rootstock & Scion Cuttings
Hot Water Therapy
for Grape Cuttings

5. Bench-Grafting Unit
It is used for bench-grafting by hand or machine especially for
grafted-grapevine, apple and walnut-tree production.
Grapevine Bench-Grafting Unit

6. Hotbeds

7. Cold Frames & Low Tunnels
They are used for growing of seedlings and rootlings
or young grafted plants without heating.

8. Lathhouses, Shadehouses & Screenhouses
 They are used for acclimatization of greenhouse-grown young plants
to outdoor conditions, and also growing or selling the plants.
 These structures are valuable asset (varlık) in raising seedlings, rooted
cuttings, and young grafted plants prior to setting them out in the
orchard or in the vineyard.
 Properly used, it will modify the environment in which they are
growing by offering protection from hot, drying summer winds &
insects, reducing the intensity of the sunlight, lowering temperatures,
and by maintaining a higher humidity.

Lathhouses

Shadehouses

Screenhouses

Propagation Containers
1. Flats
These are shallow, earthen (clay), wooden, reed, plastic, RCC
(Reinforced Concrete Cement) PVC or metal trays, with drainage holes
in the bottom.

2. Clay Pots
These are available in different shapes and sizes.

3. Plastic Pots
 Plastic pots, round and square have numerous advantages.
 They are non-porous, reusable, light weighted and require little
storage place and have long life.

4. Polythene Bags & Other Containers
 Polythene bags of different sizes (generally 15 to 30 cm
size) are widely used for propagation and growing of
plants.
 They are available in black and white colour.
Other containers are;
 Fibre pots (cocopeat, sytrofoam),
 Peat pots,
 Fibre blocks (rockwool blocks, cocopeat blocks, peat blocks
and pellets) etc.

7.
PROPAGATION SOILS & SUBSTRATES

Propagation Substrates/Media
Various materials and mixture of
materials are used for
germinating seeds and rooting
cuttings, besides soil.
 leaf mould,
 compost,
 sand,
 peat-moss,
 coco-peat,
 wermi-compost,
 sphagnum moss,
 vermiculite,
 perlite,
 synthetic plastic aggregates

Characteristics of Propagating & Growing Substrates
(Hartmann et al. 2010)
1. Must be sufficiently firm and dense to hold the cuttings or seeds in place during
rooting or germination.
2. Must have fairly constant volume when either wet or dry; that is, excessive
shrinkage after drying is undesirable.
3. Must retain enough moisture so that watering does not have to be too frequent.
4. Must be sufficiently porous so that excess water drains away, permitting
adequate penetration of oxygen to the roots.
5. Must be free from weed seeds, nematodes, and various pathogens.
6. Must not have a high salinity level.
7. Should be capable of being pasteurized with steam or chemicals without harmful
effects.
8. Should provide adequate nutrients in situations where plants are to remain for a
long period, although supplementary slow-release fertilizers are frequently
recommended.

Classification of Soilless Substrates
Organic

Inorganic

Peat Moss

Perlite

Compost

Sand

Shredded bark

Vermiculite

Coconut Peat

Zeolite

Leonardite

Pumice

Sawdust

Gypsum

Rice Hulls

Rock Wool

1. Soil
(Field Soil)
1. The physical and chemical properties of a field soil vary with soil type and texture.
2. Most field soils have relatively high water-holding capacities and nutrient
retention characteristics (C.E.C).
3. They have a relatively high bulk density, and often have low air-filled pore space
and poor drainage when placed into a container.
4. Their price may vary with location and quality.
5. Field soils may be highly variable even when obtained from a common source, and
the potential for contamination with undesirable chemicals (i.e. salt, heavy metals, herbicides)
and weed seed exists.
6. Field soils are being used less today than in the past. However, some greenhouse
growers use up to 20% (by volume) field soil in their substrates to increase bulk density,
provide micronutrients and to increase the CEC, so the substrate is less susceptible to
pH changes.

Physical Properties of Soils
The physical properties of soils, in order of decreasing importance are;
1. Soil texture is determined by the relative proportion of the three kinds of soil
particles, called soil separates: sand, silt, and clay.
2. Soil structure refers to the arrangement of soil separates (sand, silt, clay) into units
called soil aggregates which are dominated by clay particles.
3. Soil density, particularly bulk density, is a measure of soil compaction.
4. Soil porosity is the void (hollow) part the soil volume and is occupied by gases or
water.
5. Soil consistency is the ability of soil to stick together.
6. Soil temperature and colour are self-defining.
7. Soil resistivity refers to the resistance to conduction of electric currents and affects
the rate of corrosion of metal and concrete structures.

Influence of Soil Texture on Some Properties of Soils
Property/Behavior

Sand

Silt

Clay

WaterHolding Capacity

Low

Medium to high

High

Aeration
Drainage Rate

Good
High

Medium
Slow to medium

Poor
Very slow

Soil Organic Matter Level

Low

Medium to high

High to medium

Decomposition of Organic
Matter

Rapid

Medium

Slow

Warm-Up in Spring

Rapid

Moderate

Slow

Low

Medium

High

Susceptibility to Wind Erosion

Moderate (High if fine sand)

High

Low

Susceptibility to Water Erosion

Low (unless fine sand)

High

Low if aggregated, otherwise
high

Very Low

Low

Moderate to very high

Sealing of Ponds, Dams, and
Landfills

Poor

Poor

Good

Suitability for Tillage After Rain

Good

Medium

Poor

Pollutant Leaching Potential

High

Medium

Low (unless cracked)

Ability to Store Plant Nutrients

Poor

Medium to High

High

Resistance to pH Change

Low

Medium

High

Compactability

Shrink/Swell Potential

Soil Texture
The mineral components of soil are sand, silt and clay, and their
relative proportions determine a soil's texture.
Soil texture can influence porosity, permeability, infiltration, shrinkswell rate, water-holding capacity, and susceptibility to erosion.
In the illustrated USDA 'Textural Classification Triangle', the only
soil in which neither sand, silt nor clay predominates is called
"loam". The mineral constituents of a loam soil might be 40% sand +
40% silt + 20% clay by weight.
Soil texture affects soil behaviour, in particular its retention capacity
for nutrients and water.

Soil
Textural
Classification
Triangle

Origins and Activities of Soil Mineral Components
Sand and Silt are the products of physical and chemical weathering of the parent rock;
Clay, on the other hand, is a product of the precipitation of the dissolved parent rock as a
secondary mineral.
Sand is least active, followed by silt; clay is the most active, considering their Cation
Exchange Capacity (CEC) which determine soil fertility.
Sand's greatest benefit to soil is that it resists compaction and increases soil's porosity.
Silt is mineralogically like sand but with its higher specific surface area it is more
chemically active than sand. But it is the clay content of soil, with its very high specific
surface area and generally large number of negative charges, that gives a soil its high
retention capacity for water (WHC) and nutrients (CEC).
Clay soils also resist wind and water erosion better than silty and sandy soils, as the
particles bond tightly to each other.

Sizes of Soil Mineral Components
Sand consists of rock fragments, primarily quartz
particles, ranging in size from 2.0 to 0.05 mm),
Silt ranges in size from 0.05 to 0.002 mm.
Clay particles are 0.002 mm or less in diameter.
Soil components larger than 2.0 mm are classed as
Rock and Gravel., (a sandy loam soil with 20% gravel would be
called gravelly sandy loam).

What is Organic Soil ?
A soil is called organic if mineral fraction;
 0% clay and organic matter is 20% or more,
 0% to 50% clay and organic matter is between 20% and 30%,
 50% or more clay and organic matter is 30% or more.

2. Sand
Sand is usually added to greenhouse
substrates to increase the bulk density
of the substrate.
Concrete-grade (sharp, course sand) sand
should be used. Washed sand is
preferred to insure that it is free of
other constituents and contaminants.
Sand has a negligible cation-exchange
capacity, a low water-holding capacity,
pH near 7.0, so has little effect on
substrate pH.

3. Peat Moss (Turf)
 Peat (Turf) is an accumulation of partially decayed vegetation or organic matter
that is unique to natural areas called peatlands or mires.

 Peat forms in wetland conditions.
 Soils that contain mostly peat are known as a histosol.
 One of the most common components is Sphagnum moss.
Sphagnum is a genus of approx. 120 species of mosses, known as peat moss.
Sphagnum can store water, since both living and dead plants can hold large
quantities of water inside their cells; plants may hold 16–26 times as much water as
their dry weight, depending on the species.

Benefits of Horticultural Peat
1. It improves mineral soil structure.
2. It is less dense and lighter than
mineral soil.
3. It improves soil buffering, since
decomposed peat moss is highly tolerant
to pH variations.
4. It improves the cation exchange
capacity (CEC), which helps to retain
minerals, releasing them over time
(prevents the leaching of fertilizers).

5. It is a source of organic matter; it
stimulates soil microbial activity by
contributing microorganisms beneficial
for plant growth.
6. It is a natural resource free of weeds
and contaminants.

4. Perlite
 Perlite

is an amorphous volcanic glass that has a relatively high water
content, typically formed by the hydration of obsidian (volkanik cam).

It is an industrial mineral and a commercial product useful for its light weight
after processing.
 Perlite softens when it reaches temperatures of 850–900 °C, and this causes the
expansion of the material to 7–16 times its original volume.
The expanded material is a brilliant white, due to the reflectivity of the trapped
bubbles.
Unexpanded (raw) perlite has a bulk density around 1100 kg/m3 (1.1 g/cm3), while
typical expanded perlite has a bulk density of about 30–150 kg/m3 (0.03-0.150 g/cm3).
 Perlite is a non-renewable resource. The world reserves of perlite are estimated
at 700 million tonnes.
In 2015, largest producers are China (1.800.000 t), Greece (1.000.000 t), and
Türkiye (925.000 t).

Perlite Boulders

Physical Properties of Perlite
Max. application temperature

800-900 °C

Softening temperature

870 °C

Melting temperature

1260 °C

Heat capacity (between 77 and 300 K) 0.50 J/g K
Cellular structure

open-cellular

Porosity

97 % by volume

Moisture content( in the open air)

Up to 0.5 % by weight

Max. moisture content

Up to 900 % by weight

Density of the perlite ore (cevher)

2200 to 2400 kg/m³

Density of the fine-ground perlite ore 1200 kg/m³
Bulk density

70-120 kg/m³

Chemical Analysis of Perlite
70–75% silicon dioxide: SiO2
12–15% aluminium oxide: Al2O3
3–4% sodium oxide: Na2O
3–5% potassium oxide: K2O
0,5-2% iron oxide: Fe2O3
0,2–0,7% magnesium oxide: MgO
0,5–1,5% calcium oxide: CaO
3–5% loss on ignition (chemical/combined water)

Advantages of Agricultural Perlite as a Substrate
 Improves soil aeration and drainage.
 Makes moisture and nutrients readily available to plants.
 Inorganic and does not deteriorate.
 Serves as an insulator to reduce extreme soil temperature fluctuations.
 Has essentially neutral pH of 6,5 to 7,5.
 It is sterile and free of weeds and diseases.
 It is clean, odorless, lightweight.

5. Pumice
Pumice is composed of highly microvesicular
(mikro kabarcıklı) glass pyroclastic (volkanic deterioration)
with very thin, translucent bubble walls (kabarcıklı)
of extrusive igneous rock (püskürük magmatik kaya).
Pumice is commonly pale in color, ranging from
white, cream, blue or grey, to green-brown or
black.
Pumice has an average porosity of 90%, and
initially floats on water.

Chemical Composition of Pumice

Advantages of Pumice as a Substrate
*Porous nature of pumice allows it to hold vital nutrients in the
microscopic surface pores, which helps regulate fertilizer feedings.
*Excellent conditioner for soils that need increased aeration and
drainage, as when growing cacti, bromeliads, succulents, or when
rooting cuttings.
*Loosens the density of heavy clay garden soils, letting in the air and
water plants need.
*Increases water retention in light and sandy soils.
*Pumice is inorganic, so it will not decompose or compact over time,
meaning it functions continuously and can be recycled and reused.
*Pumice is pH neutral.
*Pumice does not attract or host fungi, nematodes, or insects.
*These advantages can be realized with as little as a 10% addition of
pumice to the soil or growing medium.

6. Compost
 Compost is organic matter that has been decomposed and
recycled as a fertilizer and soil amendment.
 Compost is a key ingredient in organic farming.
 At the simplest level, the process of composting simply
requires making a heap of wetted organic matter known as
green waste (leaves, food waste) and waiting for the
materials to break down into humus after a period of weeks
or months.

Composting Materials
Almost any organic material can be used to make compost, including leaves, egg cartons,
egg shells, tea bags, urine, sawdust, all kinds of animal manure, cotton rags, paper, kitchen
waste, unprinted paper and cardboard (inks may be toxic), meat scraps, crushed snails, bones
(preferably burnt and crushed), chaff (kepek), straw, spoilt hay (çürümüş ot), spent hops (kullanılmış
şerbetçiotu), nut shells, coconut husk, fingernails, wool, feathers and hair, vacuum cleaner
dust, rotting canvas (çürümüş branda), old underfelt (keçe), seaweed (especially kelp), grass
clippings, weeds, and prunings.
For composting, the ideal ratio of carbon to nitrogen is 25:1
If there is too much carbon, bacteria will have insufficient nitrogen to complete the process
of decomposing the compost. If there is excessive nitrogen, decomposition will proceed to
rapidly producing a lot of gaseous ammonia, which will not only be smelly, but lead to loss
of nitrogen into the air.
In practice, this means you’ll need a mix of “brown”, high carbon materials (such as leaves,
straw and woody materials) with “green” high nitrogen materials (green grass, food scraps and
manures). The diet is completed with the admixture of good loam into the mix.
A good rule of thumb for a compost mix is 1 part “green” to 1 part “brown”, plus a
sprinkling between layers of good loam (anything from 1/20th up to one third of the mix).

Composting Process
Modern, methodical composting is a multi-step, closely monitored
process with measured inputs of water, air, and carbon-and
nitrogen-rich materials.
The decomposition process is aided by (1) shredding the plant
matter, (2) adding water and (3) ensuring proper aeration by
regularly turning the mixture.
Worms and fungi further break up the material.
Aerobic bacteria and fungi manage the chemical process by
converting the inputs into heat, carbon dioxide and ammonium.
Nitrogen is the form of ammonium (NH4) used by plants. When
available ammonium is not used by plants it is further converted by
bacteria into nitrates (NO3) through the process of nitrification.

7. Rock Wool (Mineral Wool)
 Rock wool are formed by spinning (bükülme) or drawing (çekme)
molten (ergimiş) minerals (or "synthetic minerals" such as slag
(curuf) and ceramics).
 Completely man-made fibers include glass wool and
ceramic fiber.
 Applications of mineral wool include thermal insulation (as
both structural insulation and pipe insulation), filtration,
soundproofing, and hydroponic growth medium.

Properties of Mineral Wool
HEAT RESISTANCE

Material

Temperature

Glass wool

230 - 260 °C

Rock wool

700 - 850 °C

Ceramic fiber
wool

1200 °C

GROWTH MEDIUM IN HYDROPONICS

 Hydroponics is a subset of hydroculture and
is a method of growing plants using mineral
nutrient solutions, in water, without soil.
 Mineral wool products can hold large
quantities of water and air that aid root
growth and nutrient uptake in hydroponics;
 Their fibrous nature also provides a good
mechanical structure to hold the plant stable.
 The naturally high pH of mineral wool
requires "conditioning" to produce a wool
with an appropriate, stable pH for plant
growth.

Rockwool Examples

8. Vermiculite
Vermiculite is a hydrous, silicate mineral
that is classified as a phyllosilicate and that
expands greatly when heated.
Exfoliation (pul haline gelme) occurs when the
mineral is heated sufficiently, and the effect
is routinely produced in commercial
furnaces (fırın).
Vermiculite is formed by weathering
(atmosferik ayrışma) or hydrothermal alteration
of biotite (kara mika) or phlogopite (mağnezyum
mikası).

Large commercial vermiculite mines
currently exist in Russia, South Africa,
China and Brazil.
It can be used as soil conditioner, and
growing medium for seed germination,
soilless culture and hydroponics.

9. Coco Peat (Coir Pith)
Coco peat (cocopeat), also known as coir pith, coir fibre pith, coir dust, or
simply coir, is made from coconut husks, which are by products of other
industries that use coconuts.
Coir waste from coir fiber industries is washed, heat-treated, screened and
graded before being processed into coco peat products of various granularity
and denseness, which are then used for horticultural and agricultural
applications and as industrial absorbent.
Usually shipped in the form of compressed bales, briquettes, slabs or discs,
the end user usually expands and aerates the compressed coco peat by the
addition of water. A single kilogram of coco peat will expand to 15 litres of
moist coco peat.
Trichoderma is a naturally occurring fungus in coco peat; it works in
symbiosis with plant roots to protect them from pathogenic fungi such as
pythium. But, it is not present in sterilized coco peat. Trichoderma is also
destroyed by hydrogen peroxide.

Uses of Coco Peat in Nursery Production
1. As a substitute for peat, because it is free of bacteria and most
fungal spores, and is sustainably produced without the
environmental damage caused by peat mining.
2. Mixed with sand, compost and fertilizer to make good quality
potting soil. Coco peat generally has an acidity in the range of pH 5.5 to 6.5. It is a little on the acidic side for some plants, but many
popular plants can tolerate this pH range.
3. As substrate for growing mushrooms, which thrive on the
cellulose. Coco peat has high cellulose and lignin content.
4. Coco peat can be re-used up to three times with little loss of yield.
Coco peat from diseased plants should not be re-used.

10. Alternative Substrates-1. Leonardite
Leonardite is formed from pre-historic organic matter in salty water deposits . It is found
as a low rank coal outcome of lignite deposits and applied to products those which have a
high content of humic acid. It is separated from lignite by its high oxidation degree and the
higher carboxy groups.
It is usually very close to the surface. Being a highly decomposed compressed natural
organic humus and having a high humic acid content that processed by microbial activity
makes it one of the most bio-chemically active elements.
The composition of Leonardite will show on average organic matter 75-90%, aluminum,
nitrogen, phosphorus, potassium, sulfur, iron and calcium less than 1%.
It is a class of compounds with various structure, functionalities and reactivities.
Leonardite humic matter is characterized as three kind of organics; fulvic, humic, and
humus.
Leonardite ranges considerably in humic and fulvic acid content. For example, deposits
can have as low as 40% humic acid content and as high as 80%.
Leonardite is a 100% organic matter, that is easily soluble in alkaline solutions.

Leonardite as a Soil Conditioner
Leonardite is used as soil conditioner either by applying it directly to the land,
or by providing a source of humic acid or potassium humate for propagation
soil mixtures.
It has highest humic acids content of any natural source.
Leonardite adds organic matter to marginal soils improving texture, water
holding capacity and pH stability. Hence sodic and calcareous soils are
benefited from it highly.
It also supplies ideal conditions for beneficial bacteria to grow.
Leonardite also improves a crop’s ability to absorb nutrients, resulting in
faster growth, healthier and higher yields.
Although humic acids can be extracted from peat, composts or soils; none of
these sources are so concentrated and abundant as leonardite.
It is plentiful and inexpensive compared to other possible humic acid sources.

10. Alternative Substrates-2. Zeolite
Zeolites are hydrated aluminosilicate minerals made from
interlinked tetrahedra of alumina (AlO4) and silica (SiO4).
 There are about 40 naturally occurring zeolites, forming
in both volcanic and sedimentary (tortul) rocks; according to
the US Geological Survey, the most commonly mined
forms include chabazite, clinoptilolite, and mordenite.
Dozens more artificial, synthetic zeolites (around 150) have
been designed for specific purposes.

Uses of Zeolite in Agriculture and Landscaping
 Increases the water retention and nutrient holding capacity of the soil,
improves the structure, aeration and performance of the soil.
 Reduces the need for watering and irrigation by up to as much as 50%.
 Provides stronger and deeper root development, leads to faster and better
growth.
 Minimises uptake of hazardous heavy metals from the soil by crops and
plants.
 Furnishes the crops and plants with higher resistance to drought stress and
diseases.
 Ameliorates salinity stress and improves nutrient balance in sandy soils.
 Provides excellent drainage during periods of heavy rainfall, prevents the
formation of moss and other harmful algae in the soil.
 Its effects lasts for at least 2-3 years.

10. Alternative Substrates-3. Gypsum
Gypsum (CaSO4.2H2O) is a sedimentary mineral. It is found in layers that were formed
under highly saline water millions of years ago.
Gypsum is very similar to Anhydrite (CaSO4). Under geological conditions of high
temperature and pressure, gypsum (dihydrate) is converted to anhydrite (CaSO4).
Gypsum is found in both crystal and rock forms. It generally results from the
evaporation of saline water and is one of the more common minerals in sedimentary
conditions.

The white or gray-colored rocks are mined from open-pit or underground deposits,
then crushed, screened, and used for a variety of purposes without further processing.
Türkiye has the best quality plaster reserves in the world.

Gypsum is a natural insulator, feeling warm to the touch when compared to a more
ordinary rock or quartz crystal. Sheets of clear crystals can be easily peeled from a a
larger specimen.
Agricultural gypsum generally consists of CaSO4.2H2O (dihydrate).

Agricultural Benefits of Gypsum
 Gypsum-treated soil has a lower bulk density compared with untreated soil.
 It has an ability to decrease and prevent the crust formation on soil surfaces which result
from rain drops or from sprinkler irrigation on unstable soil.
 It decreases the swelling and cracking associated with high levels of exchangeable sodium
on the montmorillonite-type clays.
 The sulfate in gypsum that is taken up by plants and metabolized releases the associated
oxygen which is a source of oxygen to plant roots although a limited source.
 It is a source of calcium which is a major mechanism that binds soil organic matter to clay
in soil which gives stability to soil aggregates.
 It improves water infiltration rates into soils and also the hydraulic conductivity of the
soil.
 It quickly decreases the pH of sodic soils or near sodic soils from high values to the
acceptable values for growth of most crop plants and is resulted in a large increase in water
retention at a given tension compared with controls.
 Calcium in gypsum also acts as a regulator of the balance of particularly the
micronutrients, such as iron, zinc, manganese and copper in plants.

8.
PROPAGATION TOOLS & EQUIPMENTS

Paper Plug Machine

