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Over the course of my 35 years in commercial horticulture I have noticed that we
are far from understanding many of the things that appear obvious or intuitive.
To further complicate that is our inability to comprehend what we do not know.
This means that there are trends, characteristics, and facets of our jobs that pres-
ent themselves regularly but we do not know why nor in some cases have even the
faintest of idea as to what the fundamental explanations might be. One such case
is the observable differences between rooted cuttings and seedlings. It is logical to
assume cuttings of Juniperus might be different than that of Cornus, but they do
have similarities. It is also logical to suggest that seedlings of Pinus strobus do not
behave as seedlings of Quercus robur. But again there are similarities that can be
subscribed to readily. However, a quandary exits when rooted cuttings of C. florida
do not behave the same as seedlings of C. florida. From a production point of view,
rooted cuttings of C. florida have more in common with rooted cuttings of Juniperus
than to seedlings of C. florida. After years of study with a range of species it seems
clear that a rooted cutting is not physiologically the same as a seedling of the very
same species. The purpose here is to delineate some of these differences.

DISCUSSION

As can be seen in the accompanying chart there are a number of differences be-
tween rooted cutting and seedling. Much of these differences can be traced to both
chemical and morphological differences that can be readily distinguished.

Morphologically seedling roots are derived from cambium tissues along side the
xylem in a plant and are under the direct influence of naturally occurring auxins
such as indole-3-acetic acid, indole-3-butyric acid, and 4-chloroindole butyric acid. In
addition to this, seedling root systems are under the direct influence of gibberellins
and cytokinins from the onset of a radicle during seed germination. Such a chemi-
cal cocktail is finely tuned to give the normal appearing and growing root system.
Altering these chemicals can and does induce changes in the resultant root system.

The very nature of rooted cuttings is that the root systems they possess is not de-
rived from xylem/cambium tissue but originates from undifferentiated parenchyma
cells. Undifferentiated parenchyma cells under the influence of auxin and other
chemicals related to the wounding response give rise to adventitious roots. These
roots do not have the same physiological make up as seedling-derived roots. As with
the weeping blue spruce (mentioned in the remarks of the chart), such changes are
bordering into the realm of an epigenetic change.

For the sake of clarity an epigenetic change is a change in form or function that
is evident but not a genetic change. The transition of Hedera helix from juvenile to
adult is an epigenetic change as is the transition of the foliage of Thuja occidentalis
‘Rheingold’ from needled form to the more familiar flattened spray form of nor-
mal appearing 7. occidentalis. In some cases such as the formation of adventitious
roots the changes occur as a result to exposure to naturally occurring auxins and
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some synthetic chemicals such as acetylene and carbon monoxide. Other man-made
chemicals that mimic this response are the dichlorophenoxy auxins and the naph-
thylene aliphatic acids, such as NAA. Synthetic here means chemicals not natural-
ly formed by plants. It should also be noted that while exogenously applied auxins
will lead to adventitious root formation, the continued presence of such chemicals
will inhibit root growth for the long term.

Naturally occurring roots are also responsible for the formation of a range of gib-
berellins and cytokinins and they too have a direct affect on the structure and
formation of a root system. Aberrations in cytokinin balances are often manifested
by odd growth patterns in plants such as dwarfism and troposis changes such as
weeping characteristics. Evidence of such changes can be found by grafting experi-
ments and in rooted cutting experiments where the overall structure of a plant can
be changed by changing the root system. I know of a dwarf Metasequoia glyptostro-
boides that when rooted or grafted reverts back to normal. Handsome plant but
remains as a one of a kind because it cannot be propagated. Also tissue-culture-
derived plants (actually an exaggerated form of rooted cuttings) can exhibit un-
usual growth changes due to the cytokinins used during the tissue culture process.
Such changes are known as somalclonal variations and are evidence of epigenetic
changes due to the disruption of normal chemical balances. Grafting experiments
with two-needled pines grafted onto five-needled pines show no problem, but a five-
needled pine grafted onto a two-needled pine will fail. This points to a potential
root to shoot chemical imbalance that cannot be tolerated by the five-needled scion.

All of these things point indirectly to why there are noticeable changes in rooted
cuttings compared to seedlings of the same species. Grafting of a given clone to a
seedling of the same species or even one of close speciation such as C. florida onto C.
kousa results in plants that in general behave like seedlings as the introduced scion
adopts the biochemical systems of the rootstock. However when a scion is grafted
onto a rooted cutting of the same or similar species the graft combination then be-
haves like a rooted cutting. For instance grafting of Viburnum carlesii ‘Compactum’
onto seedlings of another viburnum creates suckers on the rootstock, but by graft-
ing onto rooted cuttings of another viburnum suckering is eliminated. Grafting
seedling on to chronologically mature rootstocks (meaning the rootstock has the
capacity to flower) the seedlings can be induced to flower at a much earlier age than
if allowed to just grow under normal circumstances.

Where does this lead us? We know that overdosing cuttings with auxin for root-
ing can result in a number of maladies, including poor rooting, poor overwintering,
rooting but followed by no subsequent root growth, excessive callus formation and
no rooting or sparse rooting known as callus roots which are inferior to normal ad-
ventitious roots. For all practical purposes a callus root should be considered another
class of root along with adventitious roots and normal seedling roots. In some cases
overdosing with auxin can cause basal burning and necrosis of cutting tissue, leaf
abscission, and death of the cutting. It is also well known that synthetic auxins such
as NAA can be used as sprout inhibitors and applications of 2,4-dichlorophenoxy-
acetic acid and 2,4,5-trichlorophenoxyacetic acid are used as herbicides. Could then
an inference be made that auxin contributes to a range of physiological changes
in cuttings such as tolerance to pre-emergent herbicides or sensitivity to fertilizers
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when compared to seedlings? The answer unequivocally is yes and these various
manifestations are often coupled with the changes in gibberellins and cytokinins
as a result of adventitious roots being physiologically different than seedling roots.

In some plants, treatment with triazine herbicides shows no visible clues to the
triazine’s presence. However, when cuttings are taken from those plants and sub-
sequently treated with auxins in preparation for rooting, they will often turn black
and die out right within days of being stuck into the rooting bench. Obviously there
is an effect on the cutting precipitated by the combination of the triazine herbicide
and the auxin. Just what is exactly occurring is not understood or even known.
While the mode of action of auxins is generally understood the ramifications of sec-
ondary auxin metabolism is not so clear and how it reacts with triazine herbicides
is certainly not known.

Research should be centered on developing protocols for use of the least amount
of auxin for the rooting of cuttings. Something that is currently not generally con-
sidered. Lower doses of auxin translate into smaller changes in the biochemical
pathways in the cuttings and thereby possibly limiting the potential harmful side
effects of the use of the auxins. By comparing cuttings rooted with low doses of
auxin with those of high doses of auxins and looking at the degree of sensitivity to
known stress inducing agents such as fertilizers or overwintering survival could
lead to important clues as to the mechanisms of the sensitivity issues. It would
be interesting to compare the water tolerance of rooted cuttings of C. florida with
seedlings of C. florida. Theory would suggest that the seedlings would be more
tolerant than the rooted cuttings. Cornus florida would be a good choice since it is
well known to be water intolerant and a small difference between the two types of
plants might be evident.

A take home message would be to pursue the use of the lowest amount of auxin
possible to get acceptable rooting percentages and quality, thereby limiting deleteri-
ous side effects and ensuring some degree of success perhaps better than the norm.



