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INTRODUCTION

To be efficient and competitive it is necessary to use effective methods. In propaga-
tion, the goal is produce high quality and high yield production. Material cost must
be minimized. It is also important to sclect labor-saving methods that assure all
plant materials are properly treated.

I have never completely read a whole book on plant propagation nor a complete
chapter. T did however read a popular book on nursery management. Written in
’96, the esteemed writer explains that the best way to propagate a plant is to use
its natural reproduction abilitv. Perhaps you own this popular book, the Nursery
Book, written by Liberty Hyde Bailey, not 1996 but 1896, more than 120 years ago.
He did not discuss plant rooting substances since scientists had not yet identified
them (Bailey, 1896).

Contemporaries of Bailey, Darwin, and other setentists, identified the polar trans-
port of natural substances from the apical part of the plant downward. Plant re-
gearchers had long known that plants produce substances that cause dormant cells
to divide and become roots. In 1934, Thimann and Went identified the substance to
be IAA (indole-3-acetic acid), a plant growth regulator, now called an auxin. Scien-
tists soon proved the ideas of Darwin. Plants produce auxins in leaves (Thimann,
1977; Darwin, 1880} The auxins move from the apical to the basal part of plant
cuttings. Foliar application of bio-simulators of the natural auxin travel] like the
natural auxin. When used for root initiation, the threshold amount of all auxing are
accumulated and utilized at the basal end.

Methods to apply auxin solutions to the leaves of plant cuttings will be discussed.
Using readily available equipment, these methods assure all cuttings are properly
treated ustng minimum labor and matertals.

AUXIN METABOLISM
The natural auxin, indoleacctic acid (IAA), produced during the development of
leaves, is found in free and bound states.

Free auxins are available immediately. They move within the plant in polar
transport, from the elongating leat tips and continue downward, through the vas-
cular svstem, to the basal end (Aloni, 2004). Free auxins are present when auxins
are dissclved in water to make auxin solutions.

Bound auxins are variable and limited in their ability as plant growth regula-
tors. Bound auxins are present when auxins are made into dry powder (often ealled
“rooting hormones™) and blended with lanolin. Bound compounds, applied close to
the basal end, do not need polar transport to initiate roots since they are cloge to
where roots are to be formed (Fig. 1) (Leopold, 1955).
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The natural plant hormone, I1AA,
an auxin, is bio-synthesized in
plant leaves

APPLIED AUXINS
(IBA, NAA, or IAA)
ENTER THE PLANT
THROUGH OPEN
STOMATA

Using water based solutions, auxins
(IBA, NAA, or IAA) are applied to the
leaves. The auxins are absorbed into

AUXIN the vascular system through open
TRANSLOCATION stomata. The stomata are open when
THROUGH the plant is not under heat or cold
MASS stress or dehydration.

FLOW

The natural and applied auxins
translocate from the leaves to the sink
point, the basal end of the cutting.
They move by mass flow, cell by cell,
in a polar manner.

STORAGE

AND

USE OF Auxins are stored at the basal end of
AUXINS the cutting. The plant self regulates the
FOR ROOT need for the auxins. The reason for
FORMATION auxins effecting root formation is not

known. Possibly the applied auxin (IBA)
is converted to the natural auxin, IAA,
and used for root initiation and growth.

Figure 1. Route of foliar applied rooting solutions that contain auxin for use in root forma-
tion. (All graphics by Hortus USA.)

BIO-SIMULATORS OF THE NATURAL AUXIN

The natural auxin, IAA, is unstable and degrades rapidly in the presence of light
and heat. More stable than IAA, the bio-simulators IBA (indole-3-butyric acid) and
NAA (naphthalene acetic acid) are commercially available. They remain active for
use by plants over a long time. They are regulated by the plant for many purposes,
including inducing root formation. Scientists do not fully understand the way that
plants use auxins to induce root formation. As of 2009, as single component auxin,
only IBA is U.S.A. EPA registered. In Europe all three are registered in several
countries [Note: some international registrations as single component auxin root-
ing products: IBA: U.S.A. (U.S.A. EPA registered); IBA, NAA, and [AA: Holland,
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UK, Ireland, Slovenia, Poland, Czech Republic; IBA: Slovenia; NAA: Ireland (Bhi-
zopan correspondence)]. Of the three, IBA is the most useful auxin to propagate
plants from cuttings by inducing root formation. For plant propagation, several
basal and foliar auxin application methods are used. The methods and rates depend
upon plant type, juvenility, season, and other factors (Rhizopon, 2004).

For this discussion, the following definitions are used:

m  Auxin solution: any solution made by dissolving auxin in a
solvent. These solutions are used by various methods for any plant
growth regulation function.

m  Auxin rooting solution or rooting solution: any solution made
by dissolving auxin in a solvent. These solutions are used by vari-
ous methods to induee root formation.

®  Aqueous solution: a solution made using water as the solvent.

POLAR TRANSPORT

Produced in leaves, plants transport IAA, and other auxins, cell to cell, to the bas-
al end. The plant regulates the speed of motion based upon physiological factors,
such as water status. Relative rates of movement are: IAA at 7.5 mm-h?!, NAA at
6.7 mmh', and IBA at 3.2 mm-h'. The rate of flow is not critical since auxin use is
slow (Epstein, 1993). As the auxins travel they accumulate in higher concentrations
at the basal end (Figs. 2 and 3) (Thimann, 1977).

Two physiologically distinet and spatially separated pathways function to trans-
port auxing over long distances through plants, the polar and nonpolar routes.

In the polar route, auxin is translocated by mass flow and other metabolites in the
mature phloem. Transport 18 downward from immature tissues close to the shoot
apex toward the root tips. In aqueous solution, free auxin, loaded into a mature
phloem, is translocated passively in the phloem sap to sink organs and tissues at
the basal end where it is released (Aloni, 2004). Free auxin moves in the primary
shoot through the epidermis, bundle sheath, vascular meristem, and xylem. In the
secondary body through the phellogen and cambium. In the primary root through
the epidermis, pericyele, and vascular meristem.

In the nonpolar route, auxing move up and down the sieve tubes (Aloni, 2004). Up-
ward flow is apparent when there is an excess of auxins beyond the threshald level
needed by the plants, sometimes causing acrial roots to form {Fig. 4) (Thimann, 1977).

AUXIN METABOLISM AT THE BASAL END

IBA was shown to be metabolized by the plant to TAA in a slow-release process,
thereby allowing steady use of the unstable TAA, Stable IBA was found to he an en-
dogenous, synthesized, constituent of various plants. Like TAA, TBA 1s transported
mostly in “basipetal direction polar transport,” from apex to the base. Research by
Epstein found that the plants studied were able to hydrolyze auxin conjugates dur-
ing growth to time-release “free auxin” which may induce root initiation (Epstein,
1993). This theory is supported by Epstein’s reports on increased level of free auxin
m the bases of euttings prior to rooting. Studied in grape and olive, the plants were
shown to convert IBA to IAA, where, IAA was shown to accumulate at the basal
end. The higher rooting promotion of IBA was also ascribed to its stability relative
to JAA which is short lived, though, [BA was metabolized and used up in plant tis-
sue (Fig. 3) (Epstein, 1993; 1984).













































