MODERATOR STOUTEMYER: "Thank you, Charley, lor a
most interesting talk. Our final presentation in this session will be
e¢iven by Dr. Harry Kohl, Jr.,, who will speak to us on the control ot
plant height; Dr. Kohl.

CONTROL OF PLANT HEIGHT
Harry C. KoHL, [r.

Department of Floviculiure & Ornamental Horticullure
Uniwversity of California
Los Angeles, California

It should be understood Irom the outset that this paper is not a
review paper Iin the sense that 1t attempts to bring together the litera-
ture pertaining to plant height control. Instead 1t i1s hoped that
what 1s presented here will be a discussion which will stimulate new
practical methods ol control based on noting and understanding old-
er methods and exploitation ol little-recognized possibilities such as
photoperiod control.

Genelic Control

Although the majority of this discussion will be concerned with
physiological control methods, i1t should be understood that genetic
control of plant height is not only practical but in many instances 1is
the preferred way to solve a problem in height control. Examples
ate numerous. Zinnias come in a wide variety ol height classes from
petites to giant, as do other garden’ Howers such as marigolds, asters,
and stocks. The desire here lor plants dittering in height from the
normal, usually towards shorter torms, has been met by judicious
breeding and selection. Shorter lorms of food crops such as bush
beans, non-lodging wheat, and corn more suitable for machine har-
vesting, likewise have been attaimmed through breeding programs
rather than by treatment ol existing varieties.

Likewise manv dwarl and pyramidal forms of woody ornamentals
are obtained by selection of progeny genetically different from the
parent. However, In this mstance the genetic ditlerence is only that
ol a single gene and the new form is found as a bud sport or mutation
rather than as a seedling from a breeding program.

A particularly mteresting mutation 1s that of a bush rose to a
climbing type. The mutation occurs frequently enough so that rose
breeders need not concern themselves with breeding climbing roses.
They can depend upon bush rose mutations to supply the demand.

The above should not be interpreted to mean that dwart, woody
plants can not be obtamed as seedlings. To the contrary, beds of
forest trce seedhings frequently contain dwart forms and the progeny
trom almost any azalea cross where a torcing-type azalea is a parent
will result in a rather high frequency ol dwarfs.

Chemical Control 1

Next let us turn our attention to chemicals used to control height,
restricting our discussion to those chemicals which need only be used
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i small amounts and which might theretore be considered to have
hormonal action. "These height-promoting and reducing chemicals
are relatively new, having been recognized and studied within only
the last lew years.

The tirst of these chemicals was gibberellic acid and its many
close relatives, collectively called the gibberellins. This group of
chemicals among other things, such as influencing tlowering, dorman-
cy, and growth rate, tends to elongate plants. Since elongation ol
the stem alone is usually not horticulturally attractive, the gibberel-
Iins have not tound a practical application tor this purpose.

On the heels ol the general announcement ol the finding ot the
gibberellins, the hirst of the growth retardants, Amo 1618, was dis-
covered at the U.S.D.A. i Beltsville by Mitchel and Marth. This 1s
a dwarling compound and 1s one of a rapidly enlarging number ot
compounds that have been lound to have similar eftects. Two of

these compounds, phosphon and cyclocel, are commercially available,
as 1s Amo 1618.

In general thesc compounds are remarkable in that they dwarl
the plant by shortening the internodes without affecting the leal or
tlower size.  Plants usually have a darker green color and tend to
egrow at a shghtly slower rate than do untrcated plants. These com-
pounds also show remarkable specilicity.  All growth retardants do
not work well on all plants. Amo 1618, tor instance, which dwarfs
chrysanthemums, 1s not ellective on pomsettias. Phosphon has been
tound to be eltective on both chrysanthemums and poinsettias as well
as other species, both woody and herbaceous. Cyclocel also affects a
rather broad spectrum ol plant species. It 1s not possible, however,
to predict that any ol the growth retardants will be effective on an
untried species.

Several other pomnts are mteresting. One is that the rate of ef-
lecuve application on the same species may change with the season.
Such a situauion has been reported by Stuart on azaleas. The other
pomt ol interest i1s that carry-over cffects have been noted in the seed-
lings Irom seed ol a treated crop. This might lead to an interesting
application by seed producers as, tor that matter, might an inclusion
of dwarting compound with the sceds in a packet. So far as I know
this has not been tried.

Almost every concervable way ol applying growth retardants has
been tried, including dipping rooted and unrooted cuttings, dipping
pots, mclusion in the soil mix, spraying on the plant tops and drench-
ing the soil, alter the plant 1s established. Of these methods, the soil
drench after the plant i1s established 1s perhaps the most useful. At
least this 1s the procedure for the use of phosphon on chrysanthemum
which 1s the only established commercial program of chemical dwarf-
ing with which this author is acquainted.

Notably missing here 1s a discussion of maleic hydrazide which
was discovered and used as a growth retardant even previous to the
discovery ol the gibberellins. 'The reason is that maleic hydrazide is
a general metabolic inhibitor rather than being specifically hormon-

270



4l.  Also over-treaument with maleic h}’dmzide 1S LOO casy for 1ts use
Lo be IJI‘HC[iCEll.
Cultiral Dwarfing

The glamorous way o dwarl plants, at present, 1s chemically,
but 1 any discussion ol height control, the older cultural methods
should be touched upon. The most easily understood ol these meth-
ods 1s top pruning. I[n some stances, as with hedges and Iemon
trees, top shearing is used to keep the plants low but with other or-
chard species such as apples and peaches, a much less severe and more
skillful pruning job is necessary i1l the tree i1s to be swrong, bear fruit
1 quantity and not prone to wild suckering.

Root pruning can also be used to successtully reduce the height
ol and cven severely dwart some species. It 1s a procedure which 1s
used 1n the art of bonsai. However, it should be noted that root
pruning should be done gradually with all species so that the plant
can adjust its top growth slowly. Also root pruning must be a con-
linued process. Some plants, roses being notable, respond poorly
to tampering with the roots.  Roses typically respond by dropping
their leaves and by showing iron chlorosis on the new growth.

Sull another cultural gambit which can be used to dwarl plants
s limiting the water and mineral nutrient supply.  In this respect
the mineral nutrient which can best be restricted 1s phosphorus.  Us-
g any other element to retard plant growth usually leads to leaf
drop or unsightly dcliciency symptoms. However, 1l growth 15 re-
stricted by low phosphorus 1t will be [ound advantageous to reduce
the other mineral nutrients to avord salinity mjury to the leaves.

There is a fundamental dillerence between the restriction ol
water and mineral nutrients as a dwarfing method and either top or
root pruning. That difference 15 one ol balance. Pruning either
roots or tops results in a readjustment of the other to a balanced top-
root ratio. Restriction of growth by restricting water and nutrients
results in an imbalance in that the roots tend to outgrow the tops.

Finally, there are many ways i which the conducting system In
a tree trunk may be manipulated to result 1in dwarimg. In most n-
stances the manipulation might be classilied as a root pruning meth-
od m that restriction ol the root svstem results from the manipula-
tuon. However, more subtle hormonal balance could he involved.
Some ol these methods include gralung onto a dwarfing rootstock,
using a dwarling mterstock, girdhing, reversing a section of the bark,
upside-down scions, or buds and tying a knot m the trunk of a voung
sapling. It 1s notable that almost all ol these methods result in a
swelling on the upper side of the manipulation indicating a low rate
ol carbohydrate and/or hormone transport to the roots which might
be expected to result in a reduced root system.  Likewise it should
be noted that most of these methods do not result i permanent
dwarfing since later growth tends to rectily the mhibiting situation.

Temperatue and Photoperiod Control

The quanttauve elfects of photoperiod on plant growth are not
olten emphasized 1 plant physiolog}f courses and vyet photoperiod
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can have a rather large ellect on height and habit of plants. In gen-
eral, plants tend to be shorter and branched under short photo-
periods, and more elongate with less branching under long photo-
periods. This height ditference at long and short photoperiods 1s
casily seen with forced Easter lilies. The height ol plants linished
under a long photoperiod may be hall again as great as that ol those
forced under short photoperiods. Since LEaster lilies do not branch,
this factor docs not complicate the cltect ol photoperiod on plant
height.  Quite aside trom the purposes of this discussion, but to com-
plcete the story, those lilies under long photoperiods bloom somewhat
soonetr.

[t should be noted that short photoperiods may not only restrict
ecrowth but may actually cause plants to become dormant which, of
course, indicates a no-growth situation.

That temperature can be used to keep plants short 1s not so well
known except in the scnse that plants grow less per unit ol time at
lemperatures below opumum.  Yet the author has devised a systemn
ol variable temperature torcing which has proven elfective on poin-
setuias and Easter lilies. The 1dea ol variable temperature 1s based
on subjecting the plant to lower than optimum lorcing temperatures
during the perrod mmediately tollowing flower bud formation. ‘The
date ol flower bud lormation 1s relatively casy Lo ascertain for poin-
settias which are a short day plant lor which the critical photoperiod
1Is about October 3. Lowering dav and night forcing temperatures
by 10°F durmmg the month following bud initiation has been found
to reduce hﬁ‘lgh[ by some 409, without reducing the number ol leaves
or bract size or causing late bloom

How many plants will respond to variable temperature growing
conditions and photoperiod 1s unknown and presents a wide field
tor research. It 1s hoped that some of the audience here might find
this research field ot interest.
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