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1.
Introduction to PGRS In
Horticulture



What 1s Horticulture?

= The term Horticulture is derived from two latin words hortus (garden),
and cultura (cultivation).

= Horticulture Is a branch of Plant Agriculture and is both a Science and
an Art.

= As an Art, it incorporates the principles of design (as in landscaping).
= Horticulture deals with intensively cultured and high value crops.

= Horticultural Crops include the vegetables, fruits and nuts which are
directly used by man for food, the flowers and other ornamental plants for
aesthetic uses or visual enjoyment, and those used for medicinal purposes.

= A more precise definition of Horticulture is “The cultivation, processing,
and marketing of fruits, grapes, nuts, vegetables, ornamental plants, and
flowers and medicinal plants as well as many additional services”.




What is Plant Growth Regulator (PGR)

= Some organic chemicals which have regulatory effects, rather
than a nutritional role in plant growth & development, are
called ’Plant Growth Regulators’(PGRs).

* The term “’Plant Growth Regulators (PGRs) involves both
chemicals occuring naturally within plant tissues (i.e. :
endogenously), that are called “Plant Hormones”, and synthetic
(man-made) chemicals with similar physiological activities to
plant hormones, called ¢’Plant Growth Substances”’(PGSs).

= Plants do not have a circulatory system and therefore hormone
action in plants is fundamentally different from hormone
action of animals.

* Many plant_biologists/p,rysiologists use the term ’Plant Growth
Regulator” Instead of ‘’Hormone” to indicate this fact.

= PGRs can be classified into two categories as promoters
(biostimulants) and inhibitors (bioinhibitors).




General Characteristics of PGRs

= They are small organic molecules.
= They active at very low concentrations (generally less than 107 M).

*= They are not directly involved in metabolic or developmental
processes, but they act to modify those processes.

= They act inside plant cells to stimulate or inhibit specific enzymes
or enzyme systems and help regulate plant metabolism.

= They are readily absorbed and move rapidly through the tissues
when applied exogenously to different parts of the plants.




Main Physiological Processes Regulated by PGRs

1. Cell Division

2. Cell Enlargement

3. Cell Differentiation

4. Flowering & Fruit Set

5. Fruit Ripening

6. Seed Germination

7. Adventitious Root Formation

8. Dormancy (in seeds, buds or bulbs)
9. Senescence

10. Movement (Tropism)
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Major Planf Hormones
& Thelr Synthetic Forms



History of Plant Hormones

= German botanist Julius Sachs (ca. 1860) postulated specific organ (root)-forming
substances in plants that are produced in the leaves and migrating down the stem,
would account for the initiation of roots above the wound.

" The real beginning of plant hormone research, however, is found in a series of
simple but elegant experiments conducted by Charles Darwin. Following the
publication of Darwin's book, a number of scientists confirmed and extended their
observations.

" In 1910, Boysen-Jensen demonstrated that the stimulus would pass through an
agar block and was therefore chemical in nature.

= In 1918, Paal showed that if the apex were removed and replaced asymmetrically,
curvature would occur even in darkness.

= In 1928, K. W. Went, almost half a century later, described a hormonal-like
substance as the causative agent when plants grew toward the light.

= At about the same time, H. Fitting introduced the term hormone into the plant
physiology literature.



Discovery of Auxin
* The active substance was first successfully isolated in 1928 by F. W. Went.

* He removed the apex of oat (4vena sativa) coleoptiles and stood the apical pieces on
small blocks of agar. Allowing a period of time for the substance to diffuse from the
tissue into the agar block, he then placed each agar block asymmetrically on a freshly
decapitated coleoptile.

* The substance then diffused from the block into the coleoptile, preferentially stimulating
elongation of the cells on the side of the coleoptile below the agar block. Curvature of the
coleoptile was due to differential cell elongation on the two sides. Moreover, the
curvature proved to be proportional to the amount of active substance in the agar.

* Went's work was particularly significant in two respects: first, he confirmed the
existence of regulatory substances in the coleoptile apex, and second, he developed a
means for isolation and quantitative analysis of the active substance. Because Went used
coleoptiles from Avena seedlings, his quantitative test became known as the Avena
curvature test.

= Substances active in this test were called au.xin, from the Greek auxein (to increase).
Physiology of plant growth and development.
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Specific Characteristics of Plant Hormones

. They are produced naturally in higher plants.

. Hormones are signal molecules that individually or cooperatively direct
the development of individual cells or carry information between cells,
and thus coordinate growth and development.

. They regulate growth or other physiological functions of plants at a site
remote from their place of production, while ethylene is produced and
acts within the same tissue. Thus, the concept of transport as being an
essential property of a plant hormone has recently been expired.

. Each hormone can be synthesized in more than one location in a plant.
All living cells may produce all hormones, but some generates larger
quantities and others almost undetectable amounts.

. Many cell types respond to each hormone class.

. Plant hormones are very small molecules and so mobile, both over short
(diffusive) and long (mass-flow) distances.



Differences Between Plant & Animal Hormones

Characteristic  Plant hormones Animal hormones
Size, chemistry  Proteins, small organic Peptides, proteins, small molecules
molecules

Site of synthesis ~ Usually at many locations  Specialized glands or cells

Site of action Local or distant Usually distant, transportea
Effects Often diverse Often specific
Regulation By biochemical feedback By central nervous system, ions, or

feedback
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Classification of Plant Hormones
< The Big Five

AUXINS
Gibberellins
Cytokinins
Abscisic Acid
Ethylene

+* The Second Five

SIER i L

Florigen
Brassinosteroids
Jasmonates
Polyamines
Salicylic Acid

< Recently Introduced Compounds
Alpha-Tocopherol (Vitamin E)
Batasins

Fusicoccines

Nitric Oxide

Plant Peptide Hormones (Systemin)
Strigolactones

Triacontanol

Turgorins

R R I e

Melatonin

10 Citric Acid
11. Traumatic Acid (Wound Hormone)



OVERVIEW AND BIOCHEMICAL ORIGINS
In Plants ()

Peptide hormone:
- Systemin wound signalling

Isoprenoide-derived hormones

- Giberellic acid (GA): germination, internode elongation, flower and fruit development
- Abscisic acid (ABA): growth reduction, stomata aperture, bud dormancy, abscision

- Cytokinins: cell division, germination and bud formation, prevents ageing

- Brassinosteroids (BR) cell expansion, cell elongation

- Strigolactone inhibition of shoot branching, stimulates mycorrhizae

Monoamine hormones

- Auxin (l1AA) cell elongation, root growth, differentiation, tropism

- Ethylene (C2H4) fruit ripening, ageing

- Salicylic acid (SA) pathogen defense, anesthtic Aspirin (F. Bayer, 1889)

- Polyamine stimulates DNA, RNA and protein synthesis, promotes growth

Lipid-derived hormones
- Jasmonic acid pathogen defense, essential oil (Jasmin)

Some with agonistic or synergisitc effects: BR & |AA: elongation

Some with antagonistic effects: ABA & GA: growth

00-104 Grundlagen der Biologie B
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Description & Discovery

= An auxin is a plant hormone or
growth regulator that
promotes cell elongation In
tissue segments when applied
at low concentrations.

* The general term auxins Is
used to refer to the group of
substances which have auxin-
like properties when applied to
growing plants.

(b)

In 1926, Went showed that the active growth
substance can diffuse into gelatin block and can
cause the bending of coleoptile in absence of a
unilateral light source

Because the substance promoted the elongation

of the coleoptile sections it was eventually named
auxin from the Greek auxein, meaning “to increase”
or “to grow”

In mid 1930°s Kogl and Haagen-Smit isolated several
active substances from human urine and the most
potent one Indole-3-acetic acid turned out to be tl
one synthesized and used by the plants



Classification

Naturally Occuring Auxins Synthetic Auxins

1. Indole-3-Acetic Acid 1. Indole-3-Butyric Acid (IBA)
(IAA)(C1oHoNO2) 2. Naphtalene Acetic Acid

2. Indole-3-Butyric Acid (NAA)(Ci2H100>)
(IBA)(C:2H::NO:) 3. 2,4-Dichlorophenoxy Acetic Acid

3. Phenyl Acetic Acid (2,4-D)(CsHsCl2053)
(PAA) 4. 2,4,5 Trichlorophenoxy Acetic

4. 4-Chloro Indole-3- Acid (2,4,5T)
Acetic Acid (4-CI-1AA) S. 2-Methyl-4-Chlorophenoxy

Acetic Acid (MCPA)



Production

= Auxin synthesis occurs in young meristematic tissues;
1. Apical meristems of shoot and root,

2. Developing embryos,

3. Young fruit,

4. Young, rapidly growing leaves.



Transport

" Auxin transport is generally described as basipetal that occurs
from either shoot or root apices towards the juncture of the root
and the stem.

" Auxin transport in cells and tissues is strongly polar that there is
a very perceived gradient in auxin concentration. This gradient
gives the signal generated by the auxin direction.

" There are two modes of auxin transport in plants:

1. Mass flow that occurs via phloem from leaves to fruits, roots
and meristematic regions.

2. Polar transport which is moved from cell to cell, and from
shoot tip to the root tip. Movement is mediated by membrane-
associated protein carriers and require metabolic energy.



Developmental Effects-1

* 1. Cell and Stem Elongation:

= Auxin Induces cell elongation associated within 10 min. of application to
stem or coleoptile segments resulting in a five to ten fold increase In
length.

= While auxin stimulates stem elongation, it inhibits the elongation of root
cells, particularly in the central zone of elongation.

2. Tropic Responses:

= Auxin iIs responsible for two very important plant tropic responses;
a) Phototropism,

b) Gravitropism

3. Cell Division and Vascular Differentiation:

= Auxin stimulates cell division in the cambium and also regulates the
differentiation of phloem and xylem tissue.



Developmental Effects-2

e 4. Root Initiation:

* Auxin stimulates root initiation on stem cuttings and used extensively for
propagating hard-to-root woody plants.

* While auxin stimulates root formation, it inhibits root elongation via
stimulation of ethylene production.

S. Lateral Shoot Inhibition (Apical Dominance):

= Auxin inhibits lateral shoot formation in many species by inhibiting
lateral bud growth which is known as apical dominance.

= Lateral shoot formation is stimulated by removal of apical region of the
shoots. Growers often remove the apical meristem by piching or tipping
to encourage lateral branching.

= Auxin also inhibits adventitious bud growth.



Developmental Effects-3

* 6. Stimulation of Ethylene Production:

* Auxin promotes flowering in bromeliads (e.g. pineapple) by inducing
ethylene production.

= Auxin-stimulated ethylene stimulates the formation of the female tlowers
in cucurbits and other dioecious plants.

7. Fruit Set and Growth:

= Auxin promotes fruit set in tomato, pepper, eggplant, holly, okra, figs
and cucurbits.

= Auxin also promotes fruit growth.
8. Fruit and Leaf Abscission:

" Auxin can have com{)letely opposite effects depending on the stage of
lant development at the time of application. For example, auxin applied
0 ap(fle trees in spring, promotes abscission of many tlowers which is
called as thinning.

* While leaving all fruits on trees results small-sized fruit production,
excessive thinning would result unexpectably low yields.

= Auxin helps to regulate the formation of leaf abscission zones as well.



Horticultural Utilization of Auxins

The naturally occuring auxin IAA is;
v'Very expensive to extract from plant tissue.
v'Subject to degradation by enzymez.
v Extremely sensitive to degradation by light.

Therefore, horticultural uses of auxins involve the synthetic
auxins, primarily IBA, NAA, and 2.4-D.



Examples of Horticultural Utilization of Auxins

1. Use of 2,4-D as Herbicide: One of the most prevalent uses of synthetic auxins is
the use of 2,4-D, as a selective broadleaf herbicide. It Kills weeds by inducing
uncontrolled growth, resulting in severe stem twisting and leaf malformations.
Death of the plant is slow. Many grape varieties are extremel){\sensr[_lve to drift
from 2,Aa-D applications, thus extreme care should be spent when using it around
vineyards.

2. Root Promotion: Root formation from stem cuttings is enhanced using auxins.
Dipping the basal end of a stem cutting to a talc powder or auxin solution
containing IBA, enhances root initiation.The length for d[?plng and the
c?ncgt?_tra lon of IBA needed to promote rooting varies with species and the type
of cutting.

3. Fruit Thinningz Foliar application of NAA at 10 ppm is often used for
thinning apples. Later in the season, foliar auxin is again utilized to prevent the
pre-harvest drop.

4. Floral Induction: Foliar application of NAA induces ethylene production
which induces floral induction in pineapple.

5. Fruit Set: Fruit set of tomato, eggplant, pepper and cucumber in the absence
of adequate pollination and fertilization can be enhanced with auxin application.



Fruit Thinning Chemicals in Apple and Stone Fruits
(Khalil, et al,, 2010) ™!

Crop | Dosage (ppm) Time of application

Apple ‘
NAA 1015 Full bloom to i :IIleeks after Petal
24-D 2-10

Full bloom to Petal Fall

il o Full bloom to Petal Fall
Stone Fruits
NAA 10-50 Petal Fall to Pit Hardening
24-D 2-15 Full bloom to Petal Fall
245-T 225 Full bloom to Petal Fall
Ethephon |  100-500 Petal Fall to Pit Hardening
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2.2
Cytokinins



Description & Nomenclature

= Cytokinins are plant hormones which promote
cyto]a;ceszs (cell division) in tissue culture (in presence of
auxin).

= The first plant-based cytokinin was frans-
zeatin 6 - (4-Hydroxy-3-methylbut-2-phenylamino) purine
(C10H1:N50) which was isolated from corn (maize)
endosperm in 1960s. Since then, a number of cytokinins
have been isolated from plant tissue.

* The naturally occuring cytokinins are mostly based on
zeatin.

= They are often classified as active, storage and
translocated formes.

* The two major synthetic cytokinins are
6-Benzyladenine (BA), also called
6-Benzylaminopurine (BAP) and Kinetin
(6-Furfurylaminopurine).

= Both compounds are stable as they are not subject to
degradation caused by zeatin-metabolizing enzymes.

Cis—trans isomerism;

also known as geometric

isomerism or configurational
iIsomerism, is a term used in organic
chemistry. The prefixes "cis" and "trans"

are from Latin: "this side of" and "the
other side of", respectively. In the context
of chemistry, cis indicates that

the functional groups are on the same
side of the carbon

chain™ while trans conveys that
functional groups are on opposing sides
of the carbon chain.



https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Functional_groups
https://en.wikipedia.org/wiki/Cis%E2%80%93trans_isomerism#cite_note-1

Production & Transport

= Cytokinins are produced primarily in root tips
and developing seeds.

= However, any tissue with a high rate of cell division
may produce cytokinins.

= Cytokinins are transported generally in the xylem.

» Phloem sap also contains cytokinins, but at much
lower levels than xylem sap.



Developmental Effects-1

e 1. Cell Division:

= Cytokinins stimulate cell division in callus culture, but growth is limited if auxins
are absent.

= If the balance of auxin to cytokinin in tissue culture is shifted towards cytokinin,
shoot formation is favoured, if it is shifted towards auxin, root formation is
favoured.

= Stimulation of cell division also occurs in crown gall tumors as a result of infection
by the bacteria Agrobacterium tumafaciens (Agrobacterium vitis or Rhizobium vitis in

grapevines) 2 gram negative bacteria (a group of bacteria that does not retain the crystal violet dye
in the gram stain protocol).

= Control of cell division by cytokinins is through their control of movement of the
cells out of the G-2 phase of mitosis ( G-2 or M interphase), regulated by cyclin-

dependent protein-kinases (CDKSs) and cyclins (CDKs are enzymes responsible for adding a
phosphate to a protein. Cyclins are proteins which regulate the CDK enzymes).
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Crown Gall (Agrobacterium vitis oxr Rhizobium vitis)
in Grapevine Trunk




Developmental Eftects-2

* 2. Overcoming Apical Dominance:

= Cytokinins stimulate the release of lateral buds from apical dominance
imposed by auxin from the apical bud.

= Cytokinin application also promotes the development of dormant buds.

3. Stimulation of Leaf Blade Growth:

» Cytokinins stimulate leat blade growth via cell enlargement.

= Balance with leaf area and root volume is regulated by this mechanism.
= Cytokinins promote chloroplast and chlorophyll development.

= Cytokinins delay leaf senescence.

= Cytokinin application to a leaf will induce sink-like activity in the leaf,
thereby promoting leaf longevity by directing nutrients to the leaf.

4. Cell Expansion:

= Cytokinins can also stimulate cell expansion by increasing the plasticity
of cell wall.



Horticultural Use of Cytokinins

v" Use of cytokinins in horticultural production is widespread.

v' Commercial formulations of BA are available from a number of manufacturers, and are often a
mixture with gibberellins.

1. Fruit Thinning: Fruit size and weight can be increased via fruit thinning with the application of
BA in apple and pear at the period from full-bloom to the fruits reached 10-12 mm in size. Thinning
also promotes annual bearing in normally biennial bearing cultivars.

2. Lateral Branching: In nurser%/ production of apple, Bear and cherry, lateral branching can be
Induced with BA that accelerates the formation of a well-branched tree. Increased branch angles are
also induced with nursery application of BA. Lateral branching of terminal growth in the orchards
can be enhanced as well.

3. Delay of Senescence: Application of a mixture of BA and GA to lilly bulbs, delays senescence of
lower leaves and open flowers.

4. Induction of Growth in Poinsettia: If a similar BA/GA combination apply to Poinsettia
(Euphorbia ulcherrimaz (also called Gazi Atatiirk Flower which name is given by Prof.Dr. Kirk Landin
who is the breeder of the flower at Wanderbit Univ. in Chicago), before short-day induction of
flowering, overall vegetative growth is induced. A late season spray can be used to promote bract
expansion.

5. Increase of Berry Quality: AsKnthetic_: cytokinin Forchlorfenuron(4-CPPU) increases berry size
and uniformity in table grapes and kiwifruit leading the increased yield. This application increased
the fruit firmness and delayed ambering of green table grapes.



Fruit Thinning Effect of Benzyladenine (BA)

* 6-BA as a synthetic cytokinin is an active fruit thinner that can also enhance
cell division. Therefore, an advantage of 6-BA is an increase in fruit size above
that achieved by thinning alone.

* There are several formulations of 6-BA labeled for thinning apple
(e.g., 6-BA, MaxCel, RiteWay, Exilis 9.55C), each with slightly different concentrations
and different label restrictions.

* 6-BA is an effective thinner at a concentration of 75 to 150 ppm, and many
varieties are thinned satisfactorily at about 100 ppm.

* Varieties, such as Fuji and spurtype Delicious, that are considered difficult to
thin with NAA may thin more easily with 6-BA.

* Regardless of the formulation used, 6-BA thins best when daytime high
temFeratures reach 21 to 24°C for several days during and following the
application.

* The efficacy of 6-BA is enhanced when used in combination with or
(Oxamyl-insecticide/nematicide).

* Never mix 6-BA and NAA products in the same season on Delicious or Fuji, as
severe pygmy fruit may result.



Poinsettia (Gazi Atatiirk Cicegi
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2.3
Gibberellins



Description

= Gibberellins are growth regulating substances while promote stem,
root and fruit growth.

" They are structurely diterpenes (20-C).

" They are over 110 different moleculer forms of gibberellin, and they
are identified as Gibberellic Acid (GA1, GAz, GA.......... GAni).

" Although they are similar in structure, they are all very different in
their biological activity.

= Only about 30% of the known gibberellins are physiologically
active.

" GA. is most biologically active, and GAs (c..H..0,) is the easiest and
least expensive GA to extract from fungal cultures for commercial
use.
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Discovery & Production

Discovery:

* The first gibberellin (GAs) was isolated from cultures of Gibberella
fujikuro fungus which is responsible for “foolish seedling disease’ of rice
and given the name gibberellin.

= Since Its discovery, over 110 forms of GA have been isolated from plant
tissues.

Production:

= Growing meristematic tissue including root and shoot apical cells, young
leaves, young fruits, and developing seeds (especially the endosperm)
produce GAs.

= Gibberellins are produced by fungal cultures and purified to obtain GAs
for use iIn commercial horticulture.

= GAs Is the only gibberellin obtainable in commercial quantities.

= A more expensive mixture of GAs and GA- Is now available for specific
uses.



Transport

" (GAs are often synthesized in the tissue where they
reveal their effect.

* Transport occurs primarily in the phloem, but may also
occur in the xylem and from cell to cell.

* Shoot apex has always a high level of GAs.
" GA levels are often high in the root tips as well.

= It appears that GAS are transported from shoots to
roots via phloem.



Developmental Effects-1

1. Stem Elongation:

* GA induces extensive stem growth in many rosette plants and dwarf
mutants.

" Stem elongation is a combination of enhanced cell elongation
followed by increased cell division in the sub-apical meristem.

= (GAs first enhances cell elongation via an increase in cell wall
elasticity by a mechanism that is unknown and different than that
caused by auxin.

* When cells are large enough, they transition from GA1 phase
(growth) to the S phase (DNA replication) of the cell cycle.



The Cell Cycle

Defined: Repeating set of events in the life of a cell

1) Interphase s
= 51,5, G2

2) Prophase
3) Metaphase
4) Anaphase

5) Telophase

Gap 1(Gi)
. Cells grow, carry out normal functions,
and replicate their organelles.

Synthesis (S)
DNA synthesis

" Gap2(G)
\  Additional |
« &owth

Remember: The cell won’t continue on to the next stage unless the

cell is large enough and everything has been copied properly.



Developmental Effects-2

2. Flowering , Pollination and Fruit-Set:

" In some long-day plants such as celery and sugar beet
requiring vernalization where flowering is preceded (den énce) by
stem elongation, the long day /or cold treatment can be replaced with GA treatment.

= GA enhances flower bud formation in cherries.

" GA treatment can also substitute for chilling in artichoke resulting in
earlier flower production.

= GA can also affect the floral sex expression. GA treatment promotes the formation of
male flowers in papaya cucumber and some melons

= Contrarily, female flower formation is promoted in begonia chinese chestnut
and castor bean

" GA generally stimulates pollen germination and subsequent pollen tube growth down
the style leading to fertilization.

* GA enhances fruit-set above the normal such as tomato grape
stone fruits apples and pears

* Improvement of fruit-set in apples and pears is particularly important under the etfects
of adverse weather conditions during pollination which results in poor fruit-set.



Developmental Effects-3

» Parthenocarph In grapes, apples, pumpkin and
eggplant it may also be stimulatgd vI\[/)ith ('JPX B

= GA treatment to plants of apple, grape and peach in the fall, inhibits the normal flowering
or budding.

* This phenomenon has been investigated for its potential to avoid frost damage to flowers
or shoots in the spring by delaying bloom.

3. Seed Germination:

= Certain seeds have a specific long-day photoperiodic requirement for germination. GA
treatment can substitute for the long-day requirement.

= GA controls the formation and activity of hydrolases _ ;
which metabolize starch into maltose, a key sugar in the brewing process of barley

also improves the nutrient supply to the embryo during germination.

4. Growth Inhibition:

= Gibberellins inhibit both leaf senescence and root growth.

= GA treatments also reduces rind senescence In oranges which permits
longer ‘on-tree’ storage. This helps to extend the marketing season.



Horticultural Utilization

1. GA sprays elongates the stalks of celery and rhubarb
2. GAs sprays at full-bloom and/or in a week after berry-set increase the

size of clusters and berries of s such
as 3 , Flame, Crimson.
3. have also been sprayed on some citrus fruit trees (such as naval-

orange) at a time when the fruits have lost most of their green colour, to
prevent many post-harvest rind (fiuit coar) disorders which appear during
storage.

4. GA treatments significantly enhance seed germination of many
herbaceous or perennial horticultural plants.

S. GAs increase the yield of parsley elongate the stem in
roses, increase the yield and sugar ratio in sugarcane

6. There are a number of chemicals which inhibit the gibberellin synthesis
that are used extensively in ornamental horticulture including Phospan D,

CCC Amo 1618, Ancymidol, Paclobutrazol, and Alar called
srowth retardants to control vegetative growth.



2.4
Ethylene



Description

" Ethylene (C2H4) is the single hormonal
substance which exists in nature as a gas.

=" [t is also only hydrocarbon with a pronounced
etfect on plant growth & development.

= Ethylene is an illuminating gas used to light
street lamps in the late 1880s, was identified
as the substance responsible for premature
defoliation and stunted growth observed in
plants located around street gas lights.



Production & Transport

Production:

= Ethylene is produced in all plant tissue, often as a response to stress such as
drought, flooding, mechanical pressure, injury or infection.

» Ethylene production is often stimulated by auxin.

= Meristematic regions and senescing tissues, especially fruits are rich sources of
ethylene gas.

* Nodes generally produce more ethylene than internodes.

= Ethylene is produced from methionine, a sulphur containing, lipotropic amino
acid (Lipotropic compounds are those that help catalyse the breakdown
of fat during metabolism in the body).

Transport:
= Ethylene travels through the plant via diffusion from cell to cell.

= Since It Is produced in all tissues, its transport is not normally necessary for an
effect to be realized.



https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Metabolism




Developmental Effects of Ethylene

= Much of our knowledge on ethylene activity comes from exposing plant
tissues and organs with ethylene in enclosed containers.

= Since the development of ethephon ethylene
application is greatly simplified.

= Because ethephon is applied as an agueous spray and iIs absorbed into
plant tissues.

= |t decomposes there to release ethylene gas, chloride and phosphate ions.



Continued...

1. Fruit Ripening, Senescence and Abscission:
= Ethylene promotes fruit ripening, senescence, and abscission.
2. Leaf Abscission:

* Even though ethylene i1s generally present in plant tissues, auxins
produced by the leaf or fruit reduce the sensitivity to ethylene of
abscission zone cells in leaves and fruits.

= As auxin levels decline, abscission zone cells become more sensitive
to ethylene and the production of cellulases (an enzyme break down
cellulose) INCreases.

» So, cellulases weaken wall connections and the weight of the leaf or
fruit is enough to allow the leaf or fruit to fall off the plant.



Continued...

3. Flowering:

= Ethylene promotes the flowering in pineapple but can delay
flowering in some prunus species.

= Ethephon application to peach or cherry in the fall
at approx., 50% of leaf fall, flowering is delayed in the following spring by as
much as 14 days. This fall application of ethephon also increases the cold
tolerance of peach flower buds by reducing the size and water content and
increasing the sugar content of the pistil.

= Ethephon promotes female flower formation in many crops.
4. Epinasty:

= Excessive watering of houseplants is a common malady leads to ethylene
production by the plants that induce epinasty,

= Caretakers often see this drooping as a sign of water stress and proceed to
water the plant even more.



Continued...
5. Ethylene Triple Response:

" Pea seedlings treated with ethylene show a triple response to the gas
proportional to the level of exposure,
a) greatly shortened internodes,
0) Increased stem diameter,
¢) a lack of normal gravitropic response.

6. Thigmotropism:

= Responses of plants to touch known as thigmotropism, are usually attributable to ethylene
action.

/. Root Growth:

= Ethylene stimulates auxin biosynthesis and transport towards the root elongation zone
where It leads to the inhibition of cell elongation, thus resulting in reduced root growth.

8. Seed Germination and Bud Sprouting:

= Stimulation of germination in cereals and peanuts, sprouting in potatoes and bulb crops is
also attributed to ethylene action.



Continued...
9. Fruit Ripening:

= Controlling the level of ethylene iIs crucial In regulating the post-
harvest physiology of horticultural crops.
= Ethylene enhances ripening of climacteric fruits that

are harvested mature but not ripe, such as banana, apple, pear, quince,
Kiwifruit, avocado, persimmon.

10. Latex Flow:

» Ethephon enhances latex flow In rubber trees (Hevea brasiliensis) by delaying the
healing of tapping wounds.

11. Stem Elongation and Thickening:

» Ethylene Inhibits stem elongation in terrestrial plants with a concomitant
(associative) INCrease In stem thickness.
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Abscisic Acid



Description, Discovery & Nomenclature

1. Description:

= Abscisic acid (ABA) (CisHi1sN203) is often described as an inhibitor which is
unfortunate as ABA promotes several physiological components of plant growth
and development.

2. Discovery:
= ABA was recognised in 1967 as a new plant hormone with this name ABA.
= Naturally, it is a sesquiterpene (15-C).

3. Nomenclature:

= ABA is a single substance, rather than a group of related substances as in auxins,
GAs, and cytokinins.

" There are a number of the molecule, the most prevalent form in plants is (+) 2 -
Cis and (-) 4 - trans
isomers of abscisic acid, more simply known as abscisic acid or ABA.
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Production & Transport

Production

" ABA is primarily synthesized in mature leaves and roots in response to
water stress, or in all other plant tissues.

= [t is mostly synthesized from carotenoids.
Transport

" Long-distance transport is mostly in phloem, and to a lesser degree in
the xylem.

= At the cellular level, ABA exists in different forms depending on pH, at a
neutral pH in a dissociated state at a mild acidic pH
(5,5-6,5) In an undissociated state at more acidic
pH in a protonated form

" The undissociated and protonated forms diffuse freely across cell

membranes, but the anionic form requires active uptake via
carriers.



Developmental Effects

e 1. Plant Stress and Cross-Protection:

= ABA Increases during times of plant stress, providing protection
from the stress via various mechanisms. Thereby, ABA acts a
promoter, promoting plant survival.

= During drought stress, ABA levels in leaves rise dramatically,
causing closure of stomata and the production of proteins that are
protective membranes and other cellular structures during
dehydration.

= General response of increased synthesis of specific proteins during
many different types of stresses such as salt, heat and pathogen
attack, led to define ABA as a stress hormone in plants.

* This is known as cross-protection



Continued...

2. Water Stress Responses:

Independent of the mode of stress induction leading to cellular dehydration, water stress induces a rapid
increase in ABA synthesis.

Increase in tissue ABA content is transient, with removal of stress, ABA synthesis decreases even if the stress
is removed.

So, ABA must be a signal for cellular stress-coping mechanism.

ABA application can mimic drought stress responces by plants, and causes reduced bud and shoot growth,
stomatal closure, and reduced photosynthesis.

Dehydration stress induces ABA synthesis which induces the formation of specific stress proteins. The initial
stimulus of dehydration is perceived (hissedilen) first by the roots, and the signal, in the form of ABA, is sent
to the leaves to induce stomatal closure. Stomatal closure is more closely associated with the soil-water

potential.

Lowered soil-water potential causes a significant increase in xylem sap ABA concentration.

Wherever the ABA originates, it eventually accumulates in the apoplast (space outside the plasma
membrane) of leaf epidermal guard cells.

3. Seed Maturation and Dormancy:

Second major function of ABA is its involvement in seed maturation and dormancy.
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Horticultural Utilization

* Although some promising attempts recently,
there is no practical use of ABA in horticulture.

» Because it is very expensive to synthesize.
" Additionally, it degrades rapidly in the light.

" Increases in cold hardiness have been associated
with ABA and ABA analog application,
but consistent positive results are still lacking.



3.
Other Plant Hormones



3.1. Florigen

= Many plant scientists have also sought a single substance, florigen that is
responsible for the transition from the vegetative to the sexually
reproductive state in plants.

* Florigen Is a systemic sig%nal for the transition to flowering in plants. It is
generated in leaves and transported to the shoot apical meristem to
promote floral transition.

* The molecular nature of florigen has long been a key question in the field of
flowering research.

. Recent_,_y, florigen was identified as the protein product of the Flowering
Locus T (FT) gene.

= While all other hormones are extractable substances which can be applied
to plants and induce specific responses, the proteinaceous nature of florigen
prevents such extraction and application.

= Elorigen iIs required for flowering in all plants and it Is not species specific
that is produced In leaves of photoperiodically sensitive species under the

control of phytochrome ﬁan important pigment, red to far red photoreceptors that regulates
photomorphogenic aspects of plant growth and development).



Chemical Nature of Florigen

Recent studies reveal that plants produce the elusive (anis: zor) Substance named Florigen , which is
synthesized in leaves and translocated through sieve cell and reach the base of SAM (Shoot Apical Meristem).

The complex of substance now called the actual “Florigen”, is a “Molecule of the Century” has been
identified as FT (Flowering time protein, correctly Flowering Locus T), not the FT mRNA suspected earlier.

Actually FT is synthesized in response to Constans (CO) (a central regulator gene of phototrophic pathway,
triggering the production of the mobile florigen hormone FT (FLOWERING LOCUS T) that induces flower
differentiation.

It is now believed that it combines with another protein called FD (Basic-leucine zipper (bZIP) transcription factor

family protein; required for positive regulation of flowering), together activate AP1 (Activator protein 1 (AP-1) is

a transcription factor that regulates gene expression in response to a variety of stimuli, including cytokines, growth factors,
stress, and bacterial and viral infections), SOC1 ( The MADS-box flowering-time gene SOC1 is regulated by several
pathways and is proposed to co-ordinate responses to environmental signals) in the Apical Meristem, they in turn

activate the expression of LFY (third flowering-time integrator that is more usually described as a Meristem Integrity
Gene).

Then AP1-LFY triggers the expression of Floral Homeotic Genes ((any of a group of genes that control the pattern
of body formation during early embryonic development of organisms).

This just explains light induced components, but the flower initiation is also due to GA, sucrose, vernalization
and in a large number of plants it is autonomous.

There is a kind of confluence (kesisme) Of the products of these effects ultimately responsible for triggering the
Floral Homeotic Genes.


https://en.wikipedia.org/wiki/Transcription_factor
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Cytokines
https://en.wikipedia.org/wiki/Growth_factor
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3.2. Brassinosteroids

= The term Brassinosteroids (BRs) refers to the naturally occuring steroids (triterpenes
with 30-C molecules) found in plants that elicit (cause) growth responses in nanomolar or
micromolar doses.

= The two most common steroids in plants are brassinolide and castasterone, a
brassinolide precursors (nci.

= BRs are produced Iin almost all plant tissues, but especially In seeds, pollens, and young
vegetative tissues.

= BRs promote stem, petiole and peduncle elongation in dicots and promote elongation
of coleoptiles and mesoctyls in monocots.

= BRs are also involved in plant responses to light.
= BRs also stimulate tracheid formation in differentiating xylem tissue.
= Pollen tube growth is promoted by BRs.

= Application of BRs enhance ethylene production and subsequently promotes epinasty,
senescence, and abscission.

= BRs can reverse an ABA-induced seed dormancy while stimulating germination.



3.3. Jasmonates

= Jasmonates are a group of oxylipins (oxygenated fatty acid derivatives)
which include Jasmonic Acid and Methyl Jasmonate.

= Jasmonates are found in many higher plants, green and red algae,
and in some fungi.

" They are produced in all plant tissues, especially upon wounding.

= Jasmonates can induce fendril coiling, much like that caused by
ethylene.

= Jasmonates induce the production of storage proteins in tubers,
bulbs, and seeds.

= Jasmonates have been identified as the major compounds
responsible for inducing plant defense responses to insect and
pathogen attack.

= Jasmonates also increase the production of secondary metabolites
that play a role in plant defenses.



DIFFERENT PHYSIOLOGICAL ROLES OF JA

S. No Process Putative Signals Alteration/Species
1 Root Growth JAJA-1le Inhibition
2 Seed Germination JA Inhibition
3 Tuber Formation JA-OH JA Induction/Potato
4 Tendril Coiling OPDA Stimulation/Bryonia
5 Nyctinasty JA Stimulation/Albizzia
6 Trichome formation JA Induction/Tomato
7 Senescence JA Stimulation
8 Flower Development JA
Anther Development and Induction/Arabidopsis
dehiscence
Induction/Tomato
Female Organ
Heveicpmiont Induction/Arabidopsis
Filament elongation
12 Biotic Stress JA, IME OPDA Resistance/Ubiqutitous

Source: Wasternack. C. (2007 ). Annals of Botany. 100:681-697




3.4. Polyamines

= Polyamines are strongly basic protein-based substances of low molecular weight that exist
either free or bound in all plant cells.

= All polyamines are positively charged and bind strongly to negatively charged enzymez.
= When polyamines bind to enzymez, the enzyme’s activity is altered.

* The main polyamines in plants include putrescine, spermidine, and spermine.

= Polyamines enhance cell division which is required for tuber formation in potatoes.

= Polyamine levels are very high in actively dividing cells.

= Polyamines prevent mitotic senescence.

= Exogenous polyamine application enhances cell division.

= Exogenous polyamine application delay leaf senescence by preventing chlorophyll loss,
membrane peroxidation, and inhibiting R-nase and protease activity.

= Polyamines are also implicated in regulation of the flowering process.
= GA are known to increase polyamine levels in plants.

» Ethylene and polyamines are antagonistic with respect to their effects on ripening and
senescence, while polyamines inhibit both processes.



Polyamines in Plants
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3.5. Salicylic Acid

Definition of Salicylic acid

Salicylic acid (SA): is a phenolic derivative, distributed in a wide range of
plant species. It is a natural product of phenylpropanoid metabolism.
Decarboxylation of transcinnamic acid to benzoic acid and its subsequent 2-
hydroxylation results to SA. It undergoes metabolism by conjugating with

glucose to SA glucoside and an ester.

Salicylic acid




Developmental Effects of Salicylic Acid

= Salicylic acid (SA) (C-HsOs) is a phenolic plant hormone with roles in photosynthesis,
transpiration, ion uptake and transport.

= Most widely known roles of SA for signaling plant defense against pathogens, thermogenicity
(ability in raising their temperature above environment) in plants and flowering in certain species.

= Active ingredient responsible for this pain-relieving attribute was Isolated and named salicylic acid
In the early 1800s. Commercial production of synthetic SA began in Germany in the late 1600s and
Aspirin was introduced by Bayer Company in 1898 which rapidly became one of the world’s best-

selling drugs mainly as analgesic.

= Highest levels of SA or ortho-hydroxybenzoic acid are found in the florescence of thermogenic
plants and in plants infected with necrosis-inducing pathogens.

* Flower-inducing substance in honeydew (sais17a) Was 1dentified as SA. This flower-inducing effect
has been demonstrated in other short- and long-day species of Lemnaceae family (these plants are very
simple, lacking an obvious stem or leaves as in ‘duckweed’-su mercimegi), In ornamental orchid .

= SA itself is not an endogenous flowering regulator, but rather a signaling molecule.

= SA s also the signaling hormone in plant resistance to pathogens and plays a key role in regulating
Systemic Acquired Resistance (SAR) and In disease-resistant plants.

* The intra-plant signal for the development of SAR is SA.
IS a response to a pathogen attack seen in some disease-resistant plants.
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3.6. a-Tocopherol

Tocopherols and Tocotrienols, which differ only in the degree of saturation of their hydrophobic prenyl side chains,
are lipid-soluble molecules that have a number of functions in plants.

Synthesized from homogentisic acid and isopentenyl diphosphate in the plastid envelope, tocopherols and tocotrienols
are essential to maintain membrane integrity.

a-Tocopherol is the major form found in green parts of plants, while tocotrienols are mostly found in seeds.

These compounds are antioxidants, thus they protect the plant from oxygen toxicity.

Tocopherols and Tocotrienols scavenge lipid peroxy radicals, thereby preventing the propagation of lipid peroxidation in membranes,
and the ensuing products tocopheroxyl and tocotrienoxyl radicals, respectively, are recycled back to tocopherols and tocotrienols by
the concerted action of other antioxidants.

Furthermore, tocopherols and tocotrienols protect lipids and other membrane components by physically quenching (sindiirme) and
reacting chemically with singlet oxygen (lowest excited state of the dioxygen molecule). The scavenging of singlet oxygen by a-tocopherol in
chloroplasts results in the formation of, among other products, o -tocopherol quinone, a known contributor to cyclic electron
transport in thylakoid membranes, therefore providing photoprotection for chloroplasts.

Moreover, given that a-tocopherol increases membrane rigidity, its concentration, together with that of the other membrane
components, might be regulated to afford adequate fluidity for membrane function. Furthermore, o-tocopherol may affect
intracellular signaling in plant cells. The effects of this compound in intracellular signaling may be either direct, by interacting with
key components of the signaling cascade, or indirect, through the prevention of lipid peroxidation or the scavenging of singlet oxygen.

In the latter case, a-tocopherol may regulate the concentration of Reactive Oxygen Species (ROS) and plant hormones,
such as jasmonic acid, within the cell, which control both the growth and development of plants, and also plant
response to stress.



3.7. Fusicoccin

Fusicoccin (FC) i1s a fungal toxin that activates the plant plasma membrane H1-ATPase by
binding with 14-3-3 proteins, causing membrane hyperpolarization.

Fusicoccin, like gibberellin, Is a terpenoid, and was discovered in a culture of a phytopathogenic
fungus, Fusicoccum amygdali DEL. (Ballio et al. 1964); it exhibitis a high and versatile (cok yintii)
physiological activity at concentrations typical of phytohormones.

Like cytokinin, fusicoccin is antagonistic to abscisic acid in opening the stomata and promoting
seed germination (Marre 1979).

Like auxin, fusicoccin evokes root formation in cuttings (Sultonov and Muromitsev 1985).
Of particular importance is the finding of specific protein receptors for fusicoccin in higher
plants (Pesci et al. 1979).

This toxin affects a number of physiological and biochemical processes of any higher plant, such
as breaking of seed-dormancy, cell growth, solute transport and control of transmembrane
electrical potential.

It is noteworthy that in plants fusicoccin is present in much lower amounts than other
pnhytohormones; this agrees nicely with its high physiological activity exceeding those of known
phytohormones by the same 1-2 orders of magnitude.

Most clearly, at higher concentrations fusicoccin would simply be toxic to plants.



3.8. Nitric Oxide

Nitric oxide (NO) is thought to be an ancient molecule in the history of life on Earth, and its involvement
In counteracting the rise of atmospheric levels of O: and increased levels of 0zone (Os) has been
hypothesized (Feelisch and Martin, 1995).

NO is one of the smallest diatomic molecules with a high diffusivity (4.8 x 10 5 em? s ' i H20) exhibiting
hydrophobic properties.

The biological consequences of such evolutionary steps must have been far reaching, as NO does not
require a carrier to cross membranes and reach intracellular targets, and diffuses very rapidly due to its
gaseous nature, it is possible that a cellular signaling system between cells could have evolved before the
existence of canonical (uralsaly cellular receptors.

Regarding the biological origin of NO, it is possible that the pathway for its production derived from
mechanisms of denitrification or nitrification. The fundamental nature of these facts is perhaps
suggestive that the ubiquity (her yerde olma) of NO function prokaryotic and eukaryotic life organization
might have been one of the first biological signaling mechanisms (Feelisch and Martin, 1995).

In plants it has been demonstrated that NO is a crucial regulator of development, acting as a signaling
molecule present at each step of the plant life cycle.

NO has also been implicated as a signal in biotic and abiotic responses of plants to the environment.
Remarkably, despite this plethora (cokiuk) of effects and functional relationships, the fundamental
knowledge of NO production, sensing, and transduction in plants remains largely unknown or
Inadequately characterized.
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3.9. Plant Peptide Hormones (Systemin)

Plant genomes encode a variety of short (small) peptides acting as signaling molecules.

. Since the discovery of tomato systemin (an 18 amino acid peptide), @ myriad (sayisiz) of
peptide signals, ranging in size, structure and modifications, have been found in plants.

. They travel in the phloem from leaves under herbivore insect attack to increase the
content of Jasmonic Acid and proteinase inhibitors in distant s leaves, so protecting
them from attack.

Based on (i) mature peptide structures and (ii) modes of trafficking (giris-cikig) INt0 the
extracellular space, these peptide signals, or plant peptide hormones, are classified into
three groups: 1. Secreted small peptides, 2. Non-secreted small peptides, 3. Secreted
cysteine-rich peptides (CRPS).

. The first two are both approximately 5-20 amino acids in length and do not undergo
Intramolecular disulfide bonding, while the CRPs consist of 50-100 amino acids and
have a relatively fixed structure due to intracellular disulfide bridges (Ohki et al. 2011).

. Some relatively well known signaling peptides include: Systemin, Polaris, Phytosulfokine
(PSK), ENOD40, CLAVATAS3 and the CLE family genes, S-locus Cysteine Rich Proteins
(SCP), PEP1, Rapid Alkalization Factor (RALF) and Plant Natriuretic Peptide (PNP).



Physiological Functions of Plant Peptide Hormones

1. Systemin (an 18 amino acid pepride) is important in the induction of defense responses to
wounding in Solanaceae species and is intimately associated with jasmonic acid
signaling.

2. Polaris (PLS peptide has a predicted length of 36 amino acids) and PSKs (Phytosulfokine) Y€ required
for proper root growth and vascular development. The expression of polaris is
suppressed by e Iglene and induced by auxin. PSK promotes cell proliferation and
}2{15?Vi24z}n PSK-a appears to act in a cooperative manner with CLE41-44 gene
uncti a

/CL ons not only as a positive signal to promote the vascular stem cell division rate, but also as a negative signal to repress

xylem differentiation) t0 regulate VESSC development.
3. ENODA40 (is an early nodulin gene) is associated with legume nodule formation.

4. CLAVATASJ and other members of the CLE family genes regulate development
of shoot and root apical meristems.

5. SCP (Small Capsomere-interacting Protein) Z€NEC regulates pollen determination.

6. PEPI(Phosphoenolpyruvate, a 23—amino acid peptide) andRALF (RALF proteins are cysteine-ricl.z and
typically have a full length of 80120 amino acids) (and systemin) act as danger signals to stimulate
the innate immune response in plants in response to pathogen attack.

7. PNP (Purine Nucleoside Phosphorylase- is a Protein Coding gene) play.s a role in yvater and solute
balance. Hence peptide hormones are involved in various biological processes,
regulating growth, development, reproduction and defense responses of plants.
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3.10. Strigolactones

Strigolactones are newly discovered plant hormones that influence diverse aspects of plant growth.

Strigolactones are produced by plants in extensively low quantity and may be unstable during the
purification process. Therefore, the isolation, purification and structural elucidation (explanation) are very
difficult.

So far nine Strigolactones are characterized. Strigol(1), Strigyl acetate(2), 5-deoxystrigol(3), Orobanchol(4),
Orobanchyl acetae(5) Sorgolactone(6),2-epiorobanchol(7), Solanocol(8), Sorgomol(9). Strigolactones have
been isolated from root exudates of variety of plants.

Strigolactones are as sesquiterpene (having 15-carbon atoms) lactones. The structural core of the molecule is a
tricyclic lactones (A, B and C rings) connected via an enol ether bridge to an a, - un- saturated Furanone
moiety (half) (the D- ring).

Extensive studies on the structure—activity relationships of Strigolactones in stimulation of germination of
parasitic plant seeds have revealed that the C-D ring moiety is thought to be the essential structure for
exhibiting biological activity.

These are host-root produced chemical signals that induce hyphal branching in germinating spores of
Arbuscular (bush-like) Mycorrhizal (AM Fungi), a process that is probably essential for the host-root
colonization association with AM fungi.

In addition to these functions, they also inhibit shoot branching. Furthermore, Strigolactones are suggested
to have other biological functions in rhizosphere communications and in plant growth and development and
recently, they are also found to be potentially positive regulators of light harvesting in plants.
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3.11. Triacontanol

= Triacontanol (CseHe20) Is @ natural plant growth regulator
found in epicuticular waxes.

= |t Is used to enhance the crop production in millions of
hectares, particularly in Asia.

= Quite a number of researchers have reported the TRIA-
mediated improvement in growth, yield, photosynthesis,
protein synthesis, uptake of water and nutrients, nitrogen
fixation, enzyme activities and contents of free amino acids,
reducing sugars and soluble protein, and active constituents of
essential oil in various crops.

» Expectedly, TRIA enhances the physiological efficiency of the
cells and, thus, exploits @amiiri) the genetic potential of plant to
a large extent.



Triacontanol

-
*® Increases plant or crop yield.



Agronomic Uses of Triacontanol

Triacontanol (TRIA) enhances growth and yield of various crop species when applied exogenously as foliar
spray at various growth stages

Foliar-applied TRIA ameliorates the negative effects of various abiotic stresses on growth, physiological, and
biochemical processes of different plant species, e.g., Erythrina variegata L. (coral rree) seedlings
sweet basil (esiesen) common duckweed (s mercimesi) soybean
maize canola and sunflower

Under salt stress conditions, exogenous application of TRIA has been reported to up-regulate genes involved
in the photosynthetic process while down-regulating stress-related genes, modulating activities of different
metabolic and antioxidant enzymes, enhancing water and mineral nutrient uptake, and stimulating synthesis
of various organic compounds through increased nitrogen metabolism

Although the effect of TRIA as a seed treatment and foliar spray on wheat
under saline conditions has been observed, the effect of this potential plant growth regulator as a foliar spray
on physiological and biochemical attributes at various developmental stages is not known.

It was hypothesized that foliar application of TRIA at various growth stages (vegetative, vegetative + boot,
and boot growth stages (The boot stage is defined as the time when the seedhead is enclosed within the sheath of the flag leaf. It is
one part of the reproductive phase) could ameliorate the negative effects of salt stress on growth, physiological, and
biochemical attributes of wheat plants.



Horticultural Uses of Triacontanol

_ reported that the total number of leaves and growth of was maximum, when TRIA was applied
three times at the rate of 5 g / plant in vermiculture medium.
Similarly observed that application of TRIA at 10 and 20 ppm in significantly increased fruit size,

weight and TSS content of fruit.

_ ( found that spray of 0.5 per cent TRIA resulted in the highest value for vine length, number of leaves and 100 leaf
weights in (a climbing black pepper tree in India).

Similar beneficial effect of TRIA on vegetative growth of was also recorded by
Application of 3 ppm TRIA in tca plant increased leaf area, leaf : shoot ratio and dry matter content

grit found that spray with 0.5 per cent TRIA resulted in the highest value for vine length, number of leaves and 100 leaf
weights in

found that apFIication TRIAat 2.5, 5.0, 7.5 and 10.0 ppm thrice (three times), Viz. (that is), 7 days before full bloom, 15
days after full bloom and one month after second ap|i)_llcat|on in apple cv. Red Delicious and recorded that spray of 7.5 ppm TRIA
increased shoot extension growth, fruit set, fruit quality and fruit yield significantly in comparison to other TRIA treatments.

_ _ observed that application of TRIA at 5 ppm in proved more effective in promoting tree growth, fruit
weight, volume and increased yield.

: reported that apﬁlication of TRIA at 300, 500, and 700 Ippm at flowering, pea and marble stage of fruit development
in _ and showed that sgra of 700 Fpm TRIA significantly given maximum length (10.9 cm), breath (8.9 cm), volume
(336.5 cm?®), weight (330.4 g), mesocarp (69.9%) and lowest proportion of endocarp (12.0%).

jowdh : found that spray with TRIA 0.05 per cent in two cultivars of and observed increased the volume
of individual fruit by 45.3 % in Haldipada green and 47.1% in Haldipada red cultivars and the fresh fruit yield also increased. In potted
plants treated with five different concentrations of TRIA.

Advanced flowering, flower bud number, and blooming rate increased significantly with 0.5 and 1.0 mg/L. TRIA treatments. Similarly,
?hotosynthetu_: rate, pigment content, quantum yield, and stomatal conductance increased significantly with 2.5, 1.0, and 5.0mg/L TRIA

reatments. Higher levels of N, P, and K, as wellas increased total soluble solids (TSS) and higher sugar and protein contents, were
recorded in treated plants ;

A cic:)mik:)ined spray of TRIA and GAs at 10°° M on coriander(kisnis) plant is highly effective for productivity with increased essential oil
conten



Table 1

Positive response of various plant species to foliar application of triacontanol.

Name of plant

Botanical name

Family name

Growth attributes

Yield attributes Biochemical attributes

Quality attributes

Reference citation

Opium poppy

Tomato

Hyacinth bean

Artemisia

Cornander

Coffee senna

Sweet basil

Japanese mint

Papaver
somniferum L.

Solanum
Iyvcopersicum L.

Lablab purpureus
L.

Artemisia annua
| &1

Coriandrum
sativum L.

Senna
occidentalis L.

Ocinmum
basilicun L.

Mentha arvensis
L.

Papaveraceae

Solanaceae

Fabaceae

Asteraceae

Umbelliferae

Fabaceae

Labiatae

Lamiaceae

Plant height. dry
weight and number
of branches

Height per plant.
number of leaves and
plant fresh and dry
weights

Plant fresh and dry
weights, leaf-area per
plant, number and dry
weights of nodules

Shoot and root lengths,
plant fresh and dry
weights

Shoot and root lengths,
plant fresh and dry
weights

Plant fresh and dry
weights

Shoot and root lengths,
number of spikes per
plant. total leaf area.
plant fresh and dry
weights

Plant height. leaf-area,
leaf-yield. and plant
fresh and dry weights

Number of capsules. Chl a. Chl b. and total content
seed yield per plant,
and crude opium

yield per plant
Number of fruits per
plant. weight per fruit
and fruit yield per
plant

Number of pods per
plant. number of seeds
per pod. 100-seed
weight and seed-yield
per plant

Total chl and carotenoids
content, leaf-N. -P. and -K
contents

Photosynthetic rate (Py),
stomatal conductance (gs)

and transpiration rate. total
chl and carotenoid content.
NR and CA activities, leaf-N, -
P. -K. and -Ca content,
nodule-N and leghemoglobin
contents

P,. gs and transpiration rate,
total chl and carotenoid
content, NR and CA activities,
leaf-N. -P. and -K content
Total chl and carotenoids
content. NR and CA activities.
leaf-N, -P. and -K content

Py. gs and transpiration rate,
total chl and carotenoid
content, NR and CA
activities. leaf-N. -P, -K,

and -Ca content

Chl @, Chl b. total Chl, and
carotenoid contents. activities
of NR and CA. leaf-N. -P,
and -K contents

Artemisinin yield

Number of pods per
plant. number of seeds
per pod. 100-seed
weight and seed yield

per plant
Essential oil vield

Total chl and carotenoid
contents. activities of NR
and CA. leaf-N, -P. and -K
contents. total phenol

Herbage yield.
essential oil yield

Morphine content and
morphine yield per plant

Fruit ascorbic acid and
lycopene contents

Seed-protein content,
total carbohydrate
content. and tyrosinase
activity

Essential oil content.
artemisinin content

Essential oil content

Total anthraquinone
and sennoside contents,
and seed-protein content

Leaf-protein and
carbohydrate contents,
essential oil content,
linalool. methyl eugenol.
and eugenol contents
Essential o1l content.
menthol. L-menthone.
isomenthone, and
menthyl aceteate
contents

Khan et al. (2007)

Khan et al. (2009)

Naeem and Khan
(2005). Naeem et
al. (2009)

Aftab et al. (2010)

Idrees et al. (2010)

Naeem et al.
(2010)

Hashmi et al.
(2011)

Naeem et al.
(2011)

suonovdY vy fo puinop

Abbreviation: Chl. Chlorophyll: NR. Nitrate reductase; CA. Carbonic anhydrase.

tel



3.12. Melatonin

IS @ hormone produced by the pineal Ig:lamd (epifiz) IN mammals which regulates
sleep/wake patterns in response to the bright light of daylight. It was discovered in 1958.

= In 2005, it was discovered that it also occurs In all parts of the plants; roots, stems, leaves,
flowers, fruits and seeds, in varying proportions.

= Some plant species have very high amounts of , varying from several ng/g to just
pico (107'?) g/g. Highest amounts are found in

= It Is synthesized in response to stress that could be a fungal infection, insect damage, water
deficiency, extreme temperatures, toxins, heavy metals, or soil salinity.

= |t performs so many diverse functions within the plants that is difficult to explain.
Researchers still do not fully explore within plants.

= |ts effects are fairly wides%read Including auxin-like effects. It is also capable of chelating
heavy metal elements, such as cadmium and many others.

IS involved during the following plant conditions: seed rlpenl_n%, fruit ripening,
flower buds and other develogment stages, leaf senescence, intense sunlight (especially
ultrav!oletl), heat, cold, drought, high salinity, bacterial pathogens, chemicals which cause
stress in plants. It is also involved in growth regulation and in photosynthesis, but so far no
one has been able to establish with certainty any hormonal activity. Only limited evidence
(in certain plants only) has any light-induced circadian rhythm generation been found.



3.13. Turgorins

= Turgorins (CisHis013S) which are involved in thigmonastic response of plants.
itself is one of Turgorins, being the Sulfate of the Glucoside of Gallic Acid.

* In Mimosa pudica the Glucoside of Gallic Acid is sulfated by the enzyme Sulfotransferase
(ST) which transfers a sulfate moiety from 3¢-Phospho-Adenoside-5’-Phospho-Sulfate
(PAPS) to Glucoside of Gallic Acid.

= Another Is Turgorin LMF1 (Turgorin Leaf Movement Factor !) which is the
double Glycoside of Gentisic Acid (rather than of Gallic Acid as for turgorin itself).

* One of the glycosides (the pentose) Is related to ’DeoxyRibose”.
= Both Turgorins are involved in the leaf movements in ¢’Sensitive Plant” (Mimosa Pudica).

* These same phytohormones are involved both in tactile (touch) and diurnal closing of its
leaves.

= Turgorins are very likely involved in the mechanism for opening and closing the stomata
wherby plants are able to transpire. Thus, they are probably involved not only In
regulation of temperature of the plant but also for transportation of themselves
throughout the plant via the sap.



4.
Synthetic Plant Growth Regulators
(PGRs) and Their Uses in
Horticulture



4.1 Growth Retardants

" They are synthetic compounds which are used to reduce shoot
srowth by reducing cell elongation, and also lowering the rate of
cell division.

" They are commercially the most important group of plant
bioregulators (PBRs).

" Fruit trees can be kept more compact, thereby reducing cost of
pruning and obtaining a balance between vegetative growth and
fruit yield.

" Quality of ornamental and bedding plants also can be improved by
keeping them more compact which also reduces the space in
ogreenhouses; costs for trimming hedges & trees and for mowing
turf grasses may also be reduced;

" By applying Plant Growth Retardants.



Sk Od.LD

Principal Roles of Growth Retardants
IN Growth Promotion & Inhibition

Inhibition of excessive vegetative growth and
Induction of reproductive growth.

Enhancing flowering and fruiting.
Preventing irregular or alternate bearing.
Inducing early maturity/promoting ripening.
Inhibiting biosynthesis of plant hormones.



Classification of Growth Retardants

Growth retardants can be classified into two main
groups;

1. Ethylene-Releasing Compounds, such as
Ethephon

2. Inhibitors of GA Biosynthesis

%) Onium compounds, such as Chlormequat
hloride (CCC or Cycocel), Mepiquat Chloride,
Chlorponium, and AMO-1618.

b) Compounds with an N-containing heterocycle,
such as Ancymidol (A-Rest), Flurpirimidol,
Tetcyclacis, Paclobutrazol (i’B), niconazole-P, and
Inabenfide.

¢) Structural mimics of 2-oxoglutaric acid, such as
rohexadione-Ca, Trinexapac-Ethyl and
Daminozide (B-9, Alar).

d) 16, 17-Dihydro-GAs and related structures, e.g.
Exo0-16, 17-Dihydro-GAs-13-Acetate.

Onium Compounds are cations  derived
by the protonation of mononuclear

parent hydrides of elements of the nitrogen
family (Group 15), chalcogen family (Group
16), and halogen family (Group 17), and
similar cations derived by the substitution of
hydrogen atoms in the former by other
groups, such as organic radicals, or
halogens, for example
tetramethylammonium, and further
derivatives having polyvalent additions, such
as iminium and nitrilium.

Heterocyclic Compound (Ring Structure)
Is a cyclic compound that has atoms of at
least two different elements as members of
its ring(s).


https://www.cs.odu.edu/articles/c/a/t/Cations.html
https://www.cs.odu.edu/articles/p/r/o/Protonation.html
https://www.cs.odu.edu/articles/h/y/d/Hydride.html
https://www.cs.odu.edu/articles/i/m/i/Iminium.html

Morphactins

* They are synthetic growth bioregulators (retardants), acts in variety of ways on
the natural regulation of mechanisms of plants. The importants are;

e 1. Chlorflurenol

e 2. Chlorfluron

3. Dichlorflurenol

* 4. Flurene - Carboxylic Acid and Their Derivatives
* 5. Flurenol

e 6. Maleic Hydrazide

e 7. Methyl Benzilate

* 8. Phenoxyalkancarboxylic Acid (synthetic auxin)
* 9. Substituted Benzoic Acid.

The action of these substances are systemic and after their uptake they are
transported and distributed not polarly, but basipetally (downward movement) and
acropetally (upward movement).



Role of Morphactins

1. Seed germination - Inhibition

2. Growth of seedlings - Inhibits growth of both root and shoot. This
property is similar to cytokinins.

3. Stem elongation - Dwarfing effect.

4. Apical dominance and lateral branching - Treatment to grasses and
cereals increased tillering and also increased number of laterals. Stimulates
extension of lateral shoot growth.

5. Bud dormancy - Prolonging effect

6. Root growth and root branching - Lateral roots are inhibited and
primary roots are promoted. The action of morphactin on the longitudinal
growth of root system may be considered as a reverse of their action on the
shoot system.

/. Flowering - Prevents flowering in short day plants, sequence of flowering,
position and number of flowers and parthenocarpy, etc.



4.2 Other Synthetic PGRs

1. Amidochlor
2. AVG

3. Carbaryl
4. CPPU (Forchlorfenuron)

5. Cyclanilide

6. Dinoseb
7. Mefluidide

8. TIBA (2,3,5-Triiodobenzoic acid)

9. Triazole

Growth retardant & Herbicide

Inhibition of ethylene biosynthesis

Insecticide

Growth promoter-highly active cytokinin-like
PGR

Growth retardant & Herbicide

Phenolic Insecticide & Herbicide
Herbicide

Auxin polar transport (Directional cell-to-cell
transport of functional molecules, called polar transport,
enables plants to sense and respond to developmental and

environmental signals) inhibitor

Fungicide

Turf management

Increases fruit-set, controls fruit-drop,
maintains late-season fruit quality

Fruit thinning

Increases fruit-set, fruit size, quality & yield

Supresses vegetative growth, effectively
induces lateral branching of nursery plants,
and defoliation

Turf-grass management

Reduces growth of trees, shrubs, ground
covers and herbaceous ornamentals,
seedhead supression in golfturf management

Supresses embryo formation

Protectant from abiotic stressors



4.3. Application Methoads for PGRS
(Spraying)

= Foliar sprays are the most common method.

= First, the volume of solution to appgf determines how much active ingredients (Al) is
applied to the crop. A careful considerations of application volume is necessary to
maintain uniformity among & between crops.

" The ideal amount (volume) of PGR solution that will be sprayed over a specified area,
should correctly be adjusted before application.

* The application environment can atfect PGR performance. For example, plants can take
ancymidol, flurpirimidol, Eaclobutrazol and uniconazole relatively ((iluickly but plants
require more time to uptake chlormequat chloride, daminozide, an ethepflon.

= To improve the effectiveness of these slow-uptake Als;
1. Apply these products early in the morning, in the evening, or on cloudy days.

2. Increase humidity and turn off horizontal airflow fans in the greenhouse to minimize air
movement.

3. Avoid overhead irrigation before foliar PGR application have dried. Otherwise, the
irrigation water can wash off the AI and reduce its efficasy.

4. Add an adjuvant or spreader-sticker to the PGR solution to decrease surface tension
and increase application uniformity.



4.3. Application Methods for PGRs
(Drenching)

" Drenching (applying solutions to the growing substrate) is another popular
method. But, not all compounds are effective as drenches.

= Compared to foliar sprays, drenches are more uniform and provides
increased efficasy at lower concentrations.

= Factors affecting the efficasy of drenches include Als, solution volume,
substrate moisture content of application, and composition of
substrates.

* In addition to ensuring an adequate solution volume, be sure the
rooting substrate is dry enough to minimize the amount of solution
leaching.

= Substrate composition can also aftfect the etficasy of PGR drenches. For
example, if pine bark included in substrates, the efficasy of PGR will be
decreased at 25%. So, increase the Al conc. by as much as 25%.



4.3. Application Methods for PGRs
(Bulb, Tuber & Rhizome Soaks)

= Application of PGRs by pre-plant soaking of these propagating
materials are both preventative and economical strategy.

" Time the bulbs should be submerged in the PGR solution
generally ranges between 2 to 40 minutes depending on the Als
and plant species. Make sure the PGR is at least 8 °C.

* Soaking also makes application timing flexible, that may be
performed up to seven days before planting.

* Soaking is performed before bulb forcing begins.



4.3. Application Methods for PGRs
(Liner Dips)

= L_iner (rootling & seedling) dIp IS another preventative and
economical PGR application method that provides early
control of vigorous plants, involving partially submerging a
tray of rooted liners in a PGR solution.

» Factors that affect liner dips are similar to those that affect
drenches.

= The substrate’s moisture content will affect the amount of
solution that each cell in the tray absorbs.

= |t is better to apply the PGR when the substrate is at the
point that It is ready to be irrigated.

» Dipping the plugs and liners between 30 sec. and 2 minutes
will be sufficient.



Apple Crop Management

= Apple nursery stocks and non-bearing trees are often treated with Promalin
or Perlan (BA combined with GA4 + GA-) to increase lateral bud-break and
shoot growth as well as widening branch angles.

" Suckers emerged below the ground can be controlled with NAA and its ethyl
ester. Water sprouts (vigorous upright shoots) can be also controlled with these
two chemicals.

* Fruit thinning can be accomplished by applying NAA, 2-3 weeks after full
bloom. But in some apple cultivars such as Red Delicious and Rome, NAA is
not effective as a thinner. They can be thinned with an insecticide, Carbaryl
(Sevin) that is not used to thin Golden Delicious. Extreme care must be spent
with Carbaryl as it is extremely toxic to honey bees.

* A combination of Carbaryl + NAA is applied to thin spur strains of Red
Delicious, when fruits are small (9-11 mm). Larger fruits (12-15 mm) can be
thinned with a combination of Carbaryl and Ethephon.



Apple Crop Management

* Thinning cultivars such as Gala, Fuji and Spur Red Delicious is
accomplished using BA or BAP (Exilis, MaxCel) + Carbaryl
(Sevin).

* Staymen, Rome, McIntosh, Jonathan or Gala can be thinned with
Carbaryl (Sevin), or NAA, or their combination.

" To overcome biennial bearing, return bloom can be encouraged
without a thinning effect it NAA is applied bi-weekly for two
months beginning six weeks after petal fall.

* Prohexidione-Calcium (Apogee) can be used to reduce vegetative
growth and later-season tree canopy volume and density.

" Pre-harvest drop can be controlled with NAA sprays. Before fruit
loosening begins, a low rate of NAA is much more effective.



Apple Crop Management

= Spraying with aminoethoxyvinylglicine (AVG) (Re Tain) will delay pre-
harvest fruit drop and maturity which allows time for an increase in fruit
size.

* Improvement in fruit quality of some apple cultivars such as Delicious, Gala
and Ginger Gold which may not produce fruit with a desirable shape and
weight, can be achieved with an application of Promalin (or Perlan) which
are also used to induce better lateral branching in the nursery.

=" To reduce or prevent russeting ( a brownish, corky or netlike skin texture) in susceptible
varieties such as Golden Delicious, GAs+GA~ can be applied to trees at petal
fall, followed by repeat applications 10, 20 and 30 days after petal fall.

= GAs also help to prevent fruit cracking, a particular problem in Stayman, if
applied every 3 weeks beginning about 3 weeks before anticipated cracking.



Apple Crop Management

= Diphenylamine (DPA) can be applied as a dip or
spray to harvested fruit to reduce to occurence of
scald which Is a post-harvest disorder in apples
that appears after about 3 months of storage.

= Another treatment that reduces scald as well as
maintaining fruit firmness and acidity Is
MCP (1-M CycloP )(SmartFresh).



Growth Control in Greenhouse Crops

1. The most common PGRs used in the greenhouse industry are Ancymidol,
Daminozide, Paclobutrazol, Chlormequat Chloride, Uniconazole, Benzyladenine,
GAs, GAs+GA7, Ethephon and Flurprimidol.

2. Daminozide and Chlormequat Chloride are usually applied as foliar sprays to
provide short-term inhibition of stem elongation. They are often used on plug crops
which only need a slight reduction in stem height.

3. Ancymidol, Flurprimidol, Paclobutrazol and Uniconazole are applied as foliar
sprays, soil drenches, or liner dips to reduce stem elongation. Ancymidol has the
weakest and most short-lived effect while Uniconazole has the strongest and longest-
lasting effect.

4. GAs and (GA++GA~7) + BA are applied as foliar sprays and promote stem
elongation and reduce yellowing of older leaves in crops such as Lily (Lilium spp.) or
Geranium (Pelargonium spp.)

5. Ethephon is applied as foliar spray and releases Ethylene gas which inhibits stem
elongation, causes flower bud and tflower abortion,and often increases branching.

6. BA applied without GA stimulates lateral branching and sometimes flowering.



Table 1. Commercially available synthetic growth regulators for ornamental plants.

Plant Name Active Compounds Trade Names Main Effects Reference
Ageratum Ancymidol A-Rest. Alnde Control plant growth Bailey and Whapker, 1998:
Whipker, 2013
Aster Daminozide B-Nine, Compress, Control plant growth Bailey and Whapker, 1998:
Dzide Whipker, 2013
Begoma Ethephon Florel Enhance lateral branching. as Bailey and Whipker, 1998;
pinching agent Whipker, 2013
Dhalia Uniconazole Sumagic, Concise Control plant growth Bailey and Whipker, 1998:
Whipker, 2013
Easter 6-benzylademine and  Fascination. Fresco Prevent vellowing of leaves  Latimer, 2009
gibberellins A4 + A7
Fagus Indole Butynic Acid Chryzopon. C-mone, Promote rooting Percival and Barnes, 2004
Fhizopon
Gomphrena Chlormequat chloride Citadel. Cvcocel Control plant growth Bailey and Whapker, 1998:
Whipker, 2013
Impatiens Paclobutrazol Bonzi, Downsize, Control plant growth Bailey and Whipker, 1998:
Paczol. Piccolo Whipker, 2013
Kalanchoe Dikegulac sodium Atrimmec, Augeo Enhance lateral branching Bailey and Whipker, 1998;
Whipker, 2013
Ornithogalum  Gibberellic acid Florgib. ProGibb Promote vegetative and Wang and walter. 2006
flower growth
Petunia 6-benzyladenine Configure Increase lateral branches Carey etal _, 2007
Vinca Flurprimadol Toptlor Control plant growth Whipker ef al., 2003a




Growth Control in Woody Ornamentals

" A widely used PGR in woody ornamental horticulture is auxin.

= Auxins are available in a number of forms as a rooting stimulant such as
K-TAA, IBA, K-IBA, K-NAA, IBA+NAA, NAM «Naphtaleneaceamidey.

* Compact plants are produced in the nursery using daminozide, dikeculag
sodium (rapidly inhibits amino acid uptake) and Paclobutrazol.

= Lateral branching can be stimulated with application of Dikegulac Sodium
and lateral shoot growth of Azalea (Rhododendron spp.), Cotoneaster, Juniperus,
and Taxus which supresses flowering and fruit formation.

= Ethephon is used to reduce or eliminate undesirable fruit development on
many ornamental trees and shrubs.

* Chlorflurenol is often utilized to retard regrowth of most trees, shrubs and
vines.

= Maleic Hydrazide is often used to retard regrowth of most trees, shrubs, and
ivy (Hedera spp.).



Turtf Management

* Three main chemical groups are used in turfgrass management to retard
general plant growth and thus reduce the amount of mowing.
These are 1. Herbicides, 2. Class I inhibitors, and 3. Class II inhibitors.

1. Herbicides: They can be used at low rates to inhibit plant growth.
Herbicides used for this purpose include Glyphosate, Chlorsurfuron,
Imazemeth, Imazetaphyr+Imazaphy, Metasulfuron, Sethoxydim and
Sulfometuron which are effective at the cellular level.

2. Class I — Cell Division Inhibitors: These chemicals include Amidochlor,
Chlorflurenol, Maleic Hydrazide and Mefluidide which are foliarly applied.
Main effects are retarded leaf growth and inhibited seed head formation.

3. Class II — GA Biosynthesis Inhibitors: They are applied foliarly and
reduced leaft growth but do not retard seed head formation. Trinexapac-
Ethyl is absorbed through the leaves, others absorb through the roots,
include Flurprimidol, and Paclobutrazol.




Specific Uses of Plant Growth Regulators in Horticultural Crops

1. Promotion of Root and Shoot Initiation in the
Cuttings and Tissue Cultured Plantlets

2. Control of Flower-Sex Expression
3. Stimulating the Vegetative Growth

4. Breaking the Dormancy in Buds, Seeds and
Other Plant Propagules

5. Control (Reducing) of Plant Growth

5.1. Control of Growth of Nursery & Bedding Plants
(Height Control)

5.2. Induction of Lateral Branching of Nursery Trees by
Controlling Apical Dominance

6. Regulation of Flowering & Fruit Set

6.1. Delay of Flowering to Protect from Spring Frosts
6.2. Control of Biennial Bearing of Fruit Trees

6.3. Stimulation of Flower Bud Formation

7. Improving the Fruit Yield & Quality of Fruits,
Grapes and Vegetables

7.1. Fruit Thinning Effects

7.2. Stop-Drop Effects

7.3. Stimulation of Seedless Fruit Formation
7.4. Increasing the Fruit Size

7.5. Accelerating the Fruit Ripening

7.6. Delay of Ripening and/or Senescence of Flowers,
Fruits and Vegetables

7.7. Accelerating the Senescence of Leaves in Nursery
Plants

7.8. Increase of Polyphenolic Contents of Fruits

8. Increasing the Post-Harvest Quality of
Horticultural Crops

9. Enhancing the Mobilisation & Translocation of
Nutrient Elements

10. Increasing the Biotic & Abiotic Stress Tolerances
11. Herbicidal Actions of PGRs



