STATION PAPER NO. 130 « NORTHEASTERN FOREST EXPERIMENT STATION - 1959
FOREST SERVICE - U.S. DEPARTMENT OF AGRICULTURE - UPPER DARBY, PA.
RALPH W. MARQUIS, DIRECTOR




‘7rhIS

p (4 eﬁdce

paper is based partly on an address the

author presented at a meeting of the New
York Section of the Society of American Forest-
ers in Syracuse, N.Y., in January 1959.
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is not intended as a comprehensive sum—
the large amount of research work being
this very useful and interesting field,
it was prepared to suggest to foresters
the possible applications of new chemi-
forestry.

A selected bibliography has been added for
the bénefit of the reader who is interested in
further details,




#otmoneﬂ & ?‘cowtﬁ X eya/atou
Can Le u.deja/ to Foresters

éy -Q/éen‘ ¢ _gnow, yz. °

Blbert G Snow, G

was graduated from Washington State University in
1933 with a Bachelor's degree in forestry and from Yale University 2
years later with a Master's degree in tree physiology and plant pa-
thology. 1In 1935 he joined the U.S. Forest Service, Northeastern For-
est Experiment Station in New Haven, doing research on spruce manage-
ment and forest genetics., Then for 10 years he served with the South-
eastern Forest Experiment Station in Lake City, Florida, working on
naval stores, He returned to the Northeastern Station in 1952 for
assignment at the Station's research center at Laurel, Md. He is now
center leader at Laurel.
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... abbreviations are used for the chemical names of the
growth regulators mentioned in this report, as follows:

Amo-1618

GA
IA
1B

IPC

NAA
NAD
NBA
p-CPA
2,4-D

2,4,5-TP

(4-hydroxy-5-isopropyl-2-methylphenyl) trimethylam-
moniumchloride, l-piperidinecarboxylate.

gibberellic acid

beta-indoleacetic acid (also IAA and IAc)
beta-indolebutyric acid (also IBA and IBc)
O-isopropyl-N-phenyl carbamate (also IPPC)

1,2 dihydro-3,6-pyridazine-dione (Maleic hydrazide)
alpha-napthaleneacetic acid (also NA and NAc)
alpha-napthaleneacetamide (also NAd and Nacet)
alpha-napthalenebutyric acid (also NB)
para-chlorophenoxyacetic acid (also CIPA and CPA)
2,4-dichlorophenoxyacetic acid (also DCPA)

2,4,5-trichlorophenoxyproprionic acid




Chemicals & Trees

TREES, like other plants, contain many natural chemicals

of the sort that we call hormones. Research is gradu-

ally revealing that, in the behavior of a tree, these chemi-

cals may be almost as important as the basic influences of
heredity and environment.

In early concepts, the term 'growth regulator' was
used to mean chemical substances that, though they were be-
lieved not to occur in plants, yet would often influence
plant response in much the same way as hormones do. Now re-
fined methods of chromatography are producing evidence that
plants themselves contain many growth-regulating chemicals
that previously were thought to occur only on the laboratory
chemical shelf,

For us foresters, it is important to have a common
concept of chemical growth regulators so that we may apply
this knowledge in attacking our forestry problems,

To begin with, we must recognize that plant or tree
responses--in growth, flowering, root initiation, and other
developmental processes--are governed by inherent genetic
qualities.

Second, we ought to know that manipulation of one or
more factors of the environment, such as mineral nutrition
balance, photoperiod, or temperature and moisture regimes,
will also produce variations in response.

And third, we are learning that applied chemical
growth regulators often will modify the responses that are
governed by heredity, or will induce responses that are
nearly identical with those induced by environment,

}«?eapomes Produced

Growth regulators and hormones produce a variety of
responses in plants. Some chemical regulators, wunder dif-
ferent conditions, can even produce opposite effects on the
same plant. Depending on the concentration used, the stage
of growth, and environmental conditions, the chemical may
either stimulate growth of the plant--or kill it.




Some of the ways that chemical growth regulators may
be used to influence plant behavior are:

To control wound-healing, bud growth, and dormancy of
all plant parts, including seed.

To control stem elongation, shortening, or thickening.
To inhibit sprouting.
To prolong or shorten the vegetative cycle.

To assist 1in vegetative propagation from cuttings or
in grafting.

To control root proliferation and growth.
To control flowering and reproductive plant structures.
To perform selective pesticidal action.

To control abscission of flowers, fruits, and other
plant parts,

To control transpiration, respiration, photosynthesis,
and many other plant processes.

To control growth of micro-organisms in the soil.
And there are many others.

A precise definition of potential tree responses to
applied chemical growth regulators is difficult because of
the interrelationships of roots, tops, and flowers. Chemi-
cals beneficial to flower production may decrease growth;
this is only one of many possible related effects. Also, in
forestry we are conderned with all of these aspects in prob-
lems of forest management, watershed management, forest fire
control, forest diseases, and forest insects, Growth regu-
lators may be important in all of these fields, The follow-
ing discussion touches on only a few highlights in each of
these major lines of forestry activities.

Possible Uses

Forest Management

One objective that is common to many phases of forest
management is to obtain adequate regeneration. With pine,
for example, this goal is more likely to be reached if pine
cones contain full complements of viable seed. In some hor-
ticultural species, napthaleneacetamide (NAD) treatment dur-
ing pollination time increases seed production greatly.
This would be a desirable effect in valuable tree-seed




orchards, where the investment is high and the maximum pro-
duction of seed is very important.

It is possible that NAD and para-chlorophenoxyacetic
acid (p-CPA) would also be useful in forest genetics work,
since we know they increase the set of seed from cross-
pollinations.

Male and female flowers on different trees often
bloom at different times. The time of flowering might be
selectively controlled with the growth-retarding action of
napthaleneacetic acid (NAA) or other regulators, and this
might enable some crosses to be made that would otherwise be
impossible,

The growth-controlling effects of some of the quater-
nary ammonium compounds might be put to use in forestry in a
number of ways. One of the most active of these has a 78-
letter name!; for convenience we call it Amo-1618. With
this growth regulator, moderate to extreme inhibition of
stem elongation is obtained, depending on the concentration
used, species, and environmental factors. At appropriate
rates of application to the soil, Amo-1618 may remain ef-
fective for a long time., Spray treatments are also effective
because of its ready solubility in water, In annuals, this
substance is translocated to the seed, and a noticeable in-
hibitory response is carried over for at least two genera-
tions.

Elm, maple, and oak are moderately responsive to Amo-
1618. This suggests that conifers might be brought through
in cut-over areas with heavy hardwood growth if Amo-1618
were applied to the cut hardwood stumps or sprouts. 5 The
growth-retarding effect from a single application might be
enough to keep .the sprouts controlled wuntil the conifer
seedlings had grown beyond their influence.

In forest nurseries, the growth rate of some species
is often controlled by regulating moisture and fertilizer
applications. Amo~-1618 might be a solution to growth control
in these cases. With growth controlled, more fertilizer and
water may be used, which might result in production of
healthier stock better conditioned to withstand adverse out-
planting situations.

(4 hydroxy-5-isopropyl-2-methylphenyl) trimethylammoniumchloride, l-piperi-
dinecarboxylate. Cheriical names and abbreviations of other compounds are
listed facing page 1.




Another plant-regulating chemical that is now receiv-
ing much attention is gibberellic acid (GA). This compound
may also prove useful in forest-tree nursery operations, but
in a different way than Amo-1618. The specific applications
are suggested by the special effects produced. Rapid length-
ening of stems for a few weeks is a common response, though
many other effects are obtained. The results depend on
strength of treatment, species, stage of development, and
environmental conditions, Plants flower faster or slower;
grow thinner or thicker stems; develop more foliage or more
seed; overcome dwarfism; rouse from dormancy. Perhaps we
can use some of these attributes of GA to reduce the time
some species remain in the seedbed, to produce more plant-
able stock, and to obtain stock better suited to particular
planting-site situations.

The use of growth regulators in the vegetative propa-
gation of trees, particularly in rooting cuttings, is well
established, though by no means have all avenues been ex-
plored. A few of the effective compounds include indole-

Figure 1.--Effect of a phosphonium compound on the growth
of a hybrid petunia (variety Ballerina). The soil was
amended with (left to right) 0, 125, and 500 pounds per
acre of 2,4-dichlorobenzltributylphosphonium, which re-
tards growth. The species selectivity of this and simi-
lar compounds suggests possibility for weed control in
tree nurseries, provided the tree species grown is not
adversely affected.




Figure 2.--Effect of gibberellic acid on the growth of
loblolly pine. When 2-year-old trees were sprayed with
gibberellic acid (concentration of 400 ppm) at the time
buds were opening, height growth and diameter growth were
doubled in one season (tree on right). Tree on left is
untreated tree of same age.

butyric acid (IB), NBA, NAA, and 2,4,5-TP., The first two
mentioned have the advantage with some species of not sup-
pressing vegetative growth after cuttings are rooted.

Only a few investigators have used growth regulators
to stimulate wound-healing in trees. Of those tried (such
as IAA, IB, NAA, CPA, and 2,4-D), few gave positive results,
and then only with a few species. Glutathione stimulated
wound-healing in sugar maple, and CPA and cysteine HC were
weakly effective with red oak. All others tried were inef-
fective or inhibitory under the conditions used,




Figure 3.--Effect of Amo-1618 on the development of a
tall-growing type of salvia (scarlet sage). The plant on
the left is the untreated control. The other three plants
were sprayed with Amo-1618 in increasing concentrations
(10, 100, 1000 ppm). The higher concentrations accentu-
ate ‘dwarfism® by suppressing stem elongation.

Recent work with red pine2 shows that typical spring-
wood cells have been produced in otherwise summerwood-
producing seedlings by application of IAA, This might in-
fluence specific gravity and, indirectly, pulp yields. Thus
one should consider all responses from growth regulators,
because treatments designed to increase growth might result
in lower ultimate yields in terms of usable wood,

Fire Control

Firebreaks of many different types are used to pro-
tect forest investments., Some of these firebreaks depend on
a grass or herbaceous cover to maintain a low fuel barrier.

2Larson, P. R A physiological consideration of the springwood- summerwood
transition in red pine. (In press.)




However, toward the end of the growing season this ground
cover often turns brown and becomes more hazardous.

It is known that Amo-1618, besides inhibiting growth,
causes some herbaceous species, particularly legumes, to re-
main in a healthy green state until frost comes. The use of
Amo-1618 and legumes in firebreaks would increase fertility
and eliminate the late-season hazard from dry materials,
With soil treatments, a residual effect lasting several
years might be obtained both through a hold-over in the soil
and through the seed,

Watershed Management

The same relationships mentioned for fire control
might also apply in watershed management. In addition to
herbaceous ground cover, there may be times and places where
brush cover would also be desirable, Dwarf types, which

Figure 4.--Effect of gibberellic acid on the growth of a
dwarf-type azalea. The plant on the right was sprayed
with gibberellic acid at a concentration of 100 ppm at
the time of bud opening. Six months later the shoot
length was over two times that of the untreated control
on the left. This extra shoot length facilitates vegeta-
tive propagation from cuttings.




could be produced by Amo-1618 and other growth regulators,
might be more desirable for reducing water use and increas-
ing water yields, particularly around impoundments.

Forest Diseases

Growth-regulator chemicals might prove useful in the
control of Dutch elm disease. According to recent experi-
ments,3 4,5-dimethyl-2-thiazolylmercaptoacetate and 2,3,5,6~
tetrachlorobenzoic acid applied to elms just before bud-
break delay or inhibit formation of the 1large springwood
vessels., Since spores of the fungus causing the disease are
introduced into the tree in the spring by the feeding of
certain beetles that emerge in large numbers at this time,
and are carried to other parts ¢f the tree in the sapstream,
mainly through these springwood vessels, delay in large-
vessel formation tends to reduce spread of the fungus. So
far, attempts to prevent spread of the fungus by delaying
large-vessel formation have been only partially successful.
Studies are being continued with other methods of applica-
tion and other growth substances.

Relatively little use of growth regulators has been
made in controlling or influencing tree diseases, yet the
potentials may be great, Some chemicals, such as 2,4-D,
control certain fungi but fail to influence others. IA, 1B,
and NAA increase the incidence of infection in cuttings by
Fusarium species.

Indirect control of white pine blister rust is being
done by killing Ribes with mixtures of 2,4,D and 2,4,5-T.
A Nectria canker on apple has been controlled with indole-
butyric acid (IB), though this chemical was only very weakly
toxic on the fungus grown in pure culture, Canker diseases
on forest trees, such as Nectrie and Sirumella, might be
controlled with proper growth regulators,

Stem dieback, a physiological disease of orange trees
that leads to stem and fruit shrivelling, was reduced mark-
edly by sprays of 2,4-D, This opens up the possibility of
controlling some of the physiological diseases of forest
tree species with selected growth regulators.

3Coopo.treu:ivc Regional Project NE-25 ‘Biology and Control of Wilt Pathogens’;

Conn., Mass., N. J., N. Y., Pa., R. L., W. Va., and U.S. Dept. Agr.--Agr. Res.
Service, Forest Service.




Forest Insects

A growth regulator named maleic hydrazide (MH) has
been used with only partial success in attempts to delay
shoot growth of pine in order to interfere with shoot moth
development. Other compounds are available for the same
purpose, such as NAA, 2,4,5-T, and IPC. These, if used in
proper concentrations and with correct timing, might be more
effective than MH in retarding shoot growth.

A potentially important weapon in our long War on
harmful forest insects has emerged from recent basic re-
search in insect physiology. Two new hormones have been
isolated from insects, with the initial impetus coming from
work with gypsy moth, One of these, called Ecdysone, trig-
gers the moulting process. The other, called "juvenile hor-
mone", delays the insect from passing into its next stage.
These compounds have been isolated and their chemical formu-
las determined, so they can be prepared synthetically in the
laboratory.

Exploratory tests have shown that these two new hor-
mones, in very weak concentrations, can kill insects. Their
future use in the control of forest insects may go a long
way toward providing a substitute for some of the chemicals
now widely used, but without the undesirable side effects on
other forms of life in the forests.

_qn, Conelusion. . .

Finally, a word of caution. When considering the use
of special chemicals, let us be sure to recognize possible
secondary effects. These effects may not all be beneficial,

But also, let us not curb our imaginations, since
there are many possible ways of influencing tree growth and
other related phenomena. The proper hormone or growth regu-
lator may now be waiting for us to put it to use in solving
some of our forestry problems,




ﬂt’é/{bj‘mpﬁy

Anonymous,
1957. Chemical thinning of deciduous tree fruits.
U.S. Dept. Agr., Agr. Res. Serv. Spec. Rpt. ARS 22-38, 9 op.

Anonymous.
1958, Gibberellic acid: an unusual plant-regulating chemical,.
U.S. Dept. Agr., Agr. Res, Serv, Spec. Rpt. ARS 22-47. 5 pp.

Aberg, B.
1957, Auxin relations in roots.
Ann. Rev. Plant Physiol, 8: 153-179.

Bodenstein, D.
1957, Humoral dependents of growth and differentiation in insects,
In Recent Advances in Invertebrate Physiology, pp. 192-211,
Univ. Oregon Press, Corvallis.

Bourdeau, P. F,
1958. 1Interaction of gibberellic acid and photoperiod on the vege-
tative growth of Pinus elliotii. Nature 182: 118,

Gardner, F. E., Marth, P, C., and Batjer, L. P.
1939, Spraying with plant growth substance for control of the pre-
harvest drop of apples, Amer, Soc. Hort. Sci. Proc. 37: 415-
528,

Hoffman, M. B., and Edgerton, L. J.

1952, Comparison of naphthaleneacetic acid, 2,4,5-trichlorophenoxy-
proprionic acid and 2,4,5-trichlorophenoxyacetic acid for
controlling harvest drop of McIntosh apples. Amer. Soc. Hort.
Sci. Proc. 59: 225-230,

Karlson, P,
1956. Biochemical studies of insect hormones.
Jour, Vitamins and Hormones 14: 227-266.

Kilby, B, A.
1957. 1Insect hormones,
Discovery 18: 13-16,

Larson, P, R.
1958. Effect of gibberellic acid on forcing hardwood cuttings for
pollen collection. U,S. Forest Serv., Lake States Forest Expt.
Sta., Tech. Note 538, 2 pp.

Leopold, A, C.
1955. Auxins and plant growth.
354 pp. Univ, Calif. Press, Berkeley,

Lindler, P. J., Craig, J. C., Jr., and Walton, T. R.

1957, Movement of 014-tagged alpha-methoxyphenylacetic acid out of
roots. Plant Physiol, 32: 572-575.

11




Lindler, P.J., Craig, J.C., Jr., Cooper, F.E., and Mitchell, J.W.
1958. Movement of 2,3,6-trichlorobenzoic acid from one plant to
another through their root systems. Agr. and Food Chem. 6:
356-357.

Lockhart, J. A., and Bonner, J..
1957, Effects of gibberellic acid on the photoperiod-controlled
growth of wood plants. Plant Physiol, 32: 492-494,

McAlpine, R. G.
1957. Gibberellic acid a potential growth regulator for forest
trees. South., Lumberman 195 (2441): 172-173.

McQuilkin, W, E.
1950, Effects of some growth regulators and dressings on the heal-
ing of tree wounds, Jour, Forestry 48: 423-428,

Marth, P, C.
1957. Recent developments in the use of growth-regulating chemicals
in agriculture. Assoc. Amer., Fertilizer Control Officials,
Official Pub. 11: 47-57.

—————————— Audia, W. V., and Mitchell, J. W.
1956. Effects of gibberellic acid on growth and development of
various genera and species. Bot. Gaz. 118: 106-111. 1956.

---------- Harley, C. P., and Havis, A. L.
1950, Effects of 2,4,5-trichlorophenoxyacetic acid on the ripening
of apples and peaches. Science 111: 331-332.

—————————— and Mitchell, J. W,
1947. Selective herbicidal effects of 2,4-dichlorophenoxyacetic
acid applied to turn in dry mixture with fertilizer. Bot.
Gaz, 108: 414-420,

---------- and Mitchell, J. W,
1952, Growth-regulating chemicals in relation to plant diseases and
other disorders. Sixth Inter. Congr. Comparative Pathol.
Proc, Sec, III: 85-100.

—————————— Preston, W. H., Jr., and Mitchell, J. W.
1953. Growth-controlling effects of some quaternary ammonium com-
pounds on various species of plants. Bot, Gaz., 115: 200-204,

—————————— and Schultz, E. S.
1952. A new sprout inhibitor for potatoes.
Amer, Potato Jour, 29: 268-272,

Michalski, L.
1958. A chromatographic and biological analysis of growth sub-
stances in extracts from pollen of Corylus avellana. Acta
Soc. Polon. 27 (1): 75-82,

Mitchell, J. W.
1952, Changes in the growth and development of horticultural plants
induced by growth-modifying chemicals. Internatl. Hort. Cong.
Rpt. 13: 106-117.

12




Mitchell, J, W., and Lindler, P, J,

1957,

Absorption and translocation of plant regulating compounds,
In Atomic Energy and Agriculture (AAAS Pub, 49): 165-182,

---------- Livingston, G. A., and Marth, p, C.

Nelson,
1957.

Nickell,
1952,

Preston,
1954,

Test methods with plant-regulating chemicals,
U.S. Dept. Agr. Handbook 126, 68 pp., illus,

-- and Marth, P, C,
Growth regulating substances in horticulture,
Ann. Rev, Plant Physiol. 1: 125-140,

-- and Preston, W. H,
Secondary galls and other plant growth-modifying effects in-

duced by translocated alpha-methoxyphenylacetic acid. Science
118: 518-519.

T. C.
Early responses of some southern tree species to gibberellic
acid., Jour. Forestry 55: 518-520,

L. G.
The control of plant growth by the use of special chemicals,
with particular emphasis on plant hormones. In Survey Bio-

logical Progress, vol. 2, pp. 141-178., Academic Press, N.Y,

W. H., and Mitchell, J. W,
Movement of alpha-methoxyphenylacetic acid from one plant to
another through their root systems, Science 119: 437-438,

Richardson, S. D.

1958,

Radicle elongation of Pseudotsuga menziesii in relation to
light and gibberellic acid. Nature 181: 429-430.

Skoog, F. (Editor)

1951,

Plant growth substances.
476 pp. Univ. Wisconsin Press, Madison.

Stowe, B. B., and Yamaki, T,

1957. The history and physiological action of the gibberellins.
Ann, Rev, Plant Physiol. 8: 181-216.
Tukey, H. B.
1954, Plant regulators in agriculture.

269 pp. Wiley, New York.

Van Overbeek, J.

1956,

Wain, R.
1956.

Wareing,
1958,

Absorption and translocation of plant regulators.
Ann, Rev. Plant Physiol, 7: 355-372.

L., Wightman, F, (Editors)
The chemistry and mode of action of growth substances.
312 pp. Academic Press, New York.

P, F.
Interaction between indoleacetic acid and gibberellic acid in
cambial activity. Nature 181: 1744-1745,

13




Wells, J. S., and Marth, P. C.
1954, Evaluation of halogen-substituted phenoxyacetic acids and
other growth regulators in rooting of rhododendron and ilex.
Amer, Soc. Hort. Sci. Proc., 63: 465-468,

Wester, H. V., and Marth, P, C,
1954, 3-Cl-IPC found effective for removal of ginko fruits.
Arborist's News 19: 83.

Westing, A. H.
1959, Effect of gibberellin on conifers: generally negative.
Jour, Forestry 57; 120-122,

Williams, C. M.
1956. The juvenile hormones of insects.
Nature 178: 212-213.

Wirwille, J. W., and Mitchell, J. W.

1950, Six new plant-growth-inhibiting compounds.
Bot. Gaz. 111: 491-494.

14




-ﬂc[now/edimenti

THE author wishes to acknowledge the helpful
assistance of many people in the prepara-
tion of this paper. 1In particular, Dr, Paul C.
Marth of the Agricultural Research Service,
Beltsville, Md,, deserves special mention for
his many helpful suggestions, and his kindness
in providing much of the reference material
used,

The photographs were provided through the
courtesy of Dr, Marth (loblolly, salvia, aza-
lea), and Dr. Henry M. Cathey (petunia) of the
Agricultural Research Service, Beltsville, Md.

The author thanks the New York Section of
the Society of American Foresters for giving
permission to publish this amended version of
the address he presented before the Section
meeting at Syracuse, which was published in the
Section's journal, NEW YORK FORESTER 16 (1):14-
16, 1959,






