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PROGRESS IN iE 1GETATIVE PROPAGATION OF FOREST TREES 

WITH THE AID OF HORMONES 

Introduction 

The purpose c this work is to further the practical 
use of vegetative propagation of forest trees by cuttings. 
Although vegetative propagation by cuttings and by other 

means has been practiced for a very long time with culti- 
vated horticultural plants, it has been practiced only 

with a few species or varieties in propagating forest 
trees. Only a few species of trees have been propagated 

by cuttings on a large scale. The most common are the 

willows and poplars some of ich are easily reproduced by 

the use of cuttings. The evergreens have been 

difficult to propagate by cuttings. and no species have been 

so propagated for forest planting. Even the nurserymen 

producing horticultural varieties of evergreen trees and 

shrubs have had considerable difficulty in rooting 
cuttings. 

With a growing need for more intensive management of 

forest lands there is an increasing need of vegetative 
propagation for some species of rorest trees. The great 
improvements and standardization of many farm, orchard, 

and garden crops have been made possible through the use 

of vegetative propagation. Now with the developments in 
the use of hormones to stimulate rooting of cuttrìgs a new 

field has been opened which may permit the forester 
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successfully to propagate forest trees by cuttings. 

Available Literature on Previous Study 

A large number of publications have been released on 

the subject of vegetative propagation. With few exceptions 

these relate the findings of work done or accepted practice 

in reproducing plants, shrubs, and trees other than forest 

trees. Some work has been done in reproducing sorne decidu- 

ous forest trees by vegetative means. Very little work has 

been reported of reproducing conirerous trees vegetatively. 

Until the advent of the coxercial use of hormones in prop- 

agation work it was impossible to root cuttings of most 

conifer forest trees. N. T. ITirov in a recent article (13) 

sums up the reported cases of reproduction by cuttings as 

used on some comr:on evergreens. By treating cuttings with 

hormones Professor V. F. LcCulloch (12) has found some en- 

couraging possibilities in rooting conifer cuttings. Some 

stations are carrying on studies (20) in rooting some coni- 

fers at the present time, but no results have yet been 

released. 

Vegetative propagation is a very old practice. 

Theophrastus, the Greek philosopher, wrote about vegetative 

propagation in his book "Enquiry into Plants;" this was 

around the year 300 B. C. (7). Early methods and practices 

were generally shrouded in mystery, and the public was kept 

in ignorance about the procedure in methods of propagation. 

The impression was given that there was something super- 
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natural about the process. 

In more recent periods with an increased knowledge of 

plant anatomy, physiology, and botany, the underlying 

principles of propagation are becoming better understood. 

The present state of highly specialized varieties repro- 

duced true to the parent characteristics has been made 

possible through the methods of vegetative propagation. 

For the investigator interested in reviewing the field 

of forest tree propagation by cuttings the writer 

recomiuends the following writings: 

Reference (1) in the bibliography relates the findings 

in this field of investigators at the Northeast Forest 

Experiment Station. The work deals with hardwood cuttings. 

Reference (e) in the bibliography is a simple experi- 

ment (not published) in rooting western red cedar cuttings. 

This was done as a silviculture project at this school. 

Reference (12) (unpublished) is the work of Professor 

McCulloch in ioting Douglas fir. 

Reference (le) is the article of N. T. Mirov from the 

California Forest and Range Experiment Station in which he 

suggests the propagation of white pine by a vegetative 

method. He lists some data to support this suggestion and 

gives his own findings in this field. 

Reference (14) refers to another ert11e by Mirov in 

which he discusses some genetical problems and the part 

vegetative propagation could play in this field. 

Reference (15) is an article on hormones in general, 
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written for the layman in the horticultural field. It 

touches on the tremendous importance which hormones may be 

expected to have in the plant world. 

Reference (16) contains directions issued by the 

makers of uxan and Auxalin in the use of their product. 

Reference (19) is the work of Schaad which gives his 

findings both from practical work and reading research. It 

gives a wealth of material in this field both historical 

and practical although it is not concerned with forest 

trees. 

Reference (20) gives some pertinent Thcts and argu- 

ments for vegetative propagation by a man eminently 

qualified to explore this field. 

Reference (23) gives the findings by A. G. Snow at the 

Northeast Forest Experiment Station on the rooting of sugar 

maple cuttings by the use of hormones. 

Reference (25); this volume gives a very scholarly and 

complete treatment of the whole history of hormones up to 

1937. This technical subject is so well handled that any- 

one with even a rudimentary background in this field can 

read it profitably. The comprehensiveness of this volume 

is indicated by the fact that it lists over fifty pages of 

bibliography. 

The rest of the publications listed in the bibliog- 

raphy or this study deal with more general aspects of the 

propagation field. 



Why Forest Trees have not been Vegetatively Propagated 

Up to within recent years we have felt no need for 

propagating many forest trees by other than seedling 

methods. k'ractically all our forest trees are natural 

species which occurred in nature and have perpetuated them- 

selves because they have the characteristics needed to 

maintain themselves in the situations where we find them. 

The resent species cf forest trees are then a product of 

natural selection without the influence of a directing 
agency such as man. It seeras reasonable to believe that 

man could originate and reproduce varieties of forest trees 
by the same methods and principles that have been applied 

in producing horticultural varieties of farm and garden, 

ornamental plants, shrubs, and trees. 
So far there has been no apparent shortage of timber 

or forest products in this country. Even at the present 

tie it is impractical to manage forest land intensively. 

With the great acreage of forest land available in this 
country we have not found it necessary to expend money and 

effort in changing the nature of forest trees to suit 
special uses of forest products. In the United States we 

have so many and such varied species of trees that we have 

had plenty of choice of wood or other products for our 

forest products industries without the necessity of pro- 

ducing new varieties adapted to special uscs. 

The difficulty of practicing plant breeding and 

hybridi7ation on forest trees is a limiting factor in the 



work necessary to produce horticultural varieties. Forest 

trees are a relatively long-lived, slow-growing plant. 

Hence it takes considerable time to complete the life cycle 

of most forest trees. Pollination is hard to control on 

trees due to the size of the trees, the dissemination of 

pollen by wind or insects, and the long distances over 

which it is carried. 

The reproduction of most forest trees from seed has 

developed to where it is relatively cheap. By the seedling 

method we get a uniform size of plants which we have used 

extensively in reforestation and aÍ'forestation work. 

Another important reason why vegetative propagation has not 

been practiced is the di'ficulty of so reproducing trees in 

many cases. It can readily be seen that trees might be 

easily reproduced by planting suckers. This is feasible 

for any tree that suckers well, but even under the best 

conditions it IS not well adopted to large scale planting. 

Such prolific sprouters as black locust cannot be produced 

on a large scale at a reasonable cost (24). Then there are 

the great majority of trees that sucker and sprout poorly 

or not at all. Among the conifers triich are most valuable 

to the American wood industries we find only a very few 

species thich sprout at all. The hardwoods on the other 

hand usually sprout or sucker rather well, but here the 

difficulty again arises of gettin uniform stock in large 

quantities. The production of seedlings has therefore been 

more successful. 



7 

Layering is a possible means of reproduction, but it 

has the sanie inherent drawbacks as reproduction by sprouts 

or suckers. 

Another vegetative method of propagation is crafting 

or budding. This is a very conirnon method for the horticul- 

tu.rist, but it is too expensive for the production of for- 

est planting stock. Conifer stock is especially hard to 

graft because of its tendency toward a heavy flow of resin 

when injured. 

Cuttings are used to reproduce some forest trees. The 

most comtaon are the willows and poplars which root very 

easily. Most of these trees use stem cuttings; other trees 

are reproduced by root cuttings; an example is shipniast 

locust (24). The author this method is 

successful but is not suited to large scale production. 

Frori work done up to the present time it seems that 

stem cuttings will be the most acceptable method for 

general use in the vegetative propagation of forest trees. 

Why Vegetative Propagation is Desirable 

With the increasing genetical work and plant breeding 

on forest trees the need for vegetative oropagation is 

becoming more urgent. 

E. T. Schreiner (21) in "Improvement of Forest Thees" 

in the l97 Yearbook of Agriculture states: 

"Intensive investigation to develop a cheap method for 
vegetative propagation of forest species that cannot 
now be economically reproduced in this way is fully 
justified; the best of our present wildlings and the 



elite individualsproduced through breeding can then 

be utilized without further delay." 

Schreiner (20) writing for the "3ournal of Forestry" 

states that vegetative propagation would be very useful in 

reproducing a clone with desirable characteristics. He 

defines a clone as a etgroup of plants which have originated 

by vegetative propagation from an individual seeding." He 

enlarges on his definition of a clone with this statement: 

"The clone is not a species. Too often taxonomists 
have given the clone specific rank,....In many cases 
such clanes which have been called species exist as a 
single sex. 

All members of a clone derived by vegetative 
propagation from one seedling are generally identical, 
with the exception of occasional sports which may give 

rise to some variation. These, however, are usually 
so olight that they v'ill not be of importance to 
forestry for many years." 

Schreiner (20), who is the Forest Geneticist at the 

Northeast Forest Experiment Station for the United States 

Forest Service, believes the use of clones in forestry will 

solve many of the problems which confront the plant breeder 

working with forest trees. In a recent article (20) he 

writes: 

"The clone can be used to excellent advantage in for- 

est research which is often concerned with the inter- 
relationship between the forest stand, or plantation, 
and its environment. All experiments are of necessity 
conducted with a heterogeneous mixture of seedlings, 

each one potentially different from its neighbor. The 

use of clones would eliminate from the experimental 
design one absolutely unknown variable, differences in 

genetic constitution. The clone can also be used to 

excellent advantage as an indicator tree, particularly 
in forest planting experiments." 

Vegetative propagation has other advantages. Species 

that root readily from cuttings show a much greater growth 



early in life than seedling reproduction. Obviously if dis- 

ease or fungous-resistant specimens and specimens resistant 

to climatic damage such as rrost or drought could be found 

or could be developed by plant breeding or hybridization, 

they might be propagated by cuttings so as to retain these 

desirable characteristics; this would constitute a very 

forward step in the control of pests or climatic damage to 

trees. Schreiner (20) makes the following observation on 

this point: 

"Although the possibilities for rapid vegetative Jrop- 
agation of conifers may appear to be somewhat limited 
by the fact that commercially important species, such 
as white pine and spruce, do not sprout, and that the 
number of stems available for propagation vould there- 
fore not be very large, recent work with growth-pro- 
moting substance seems to indicate that methods to 
induce sprouting may be developed. On the basis of 
the relative rate of growth f seedlings and cuttings 
of deciduous trees it is possible that vegetative 
propagations of conifers in northern nurseries may 
produce stocc large enough for out-planting in less 
time than seed propagation. For example in the 
vicinity of New York City seedlings grow to a height 
of only six to twelve inches during the first year, 
whereas cuttings will grow as much as six to eight 
feet in height in one year. Cuttings offer a further 
advantage because the size of such out-planting stock 
can be regulated by the size ot the cuttings used and 
the time of planting." 

Mirov (14) in an article appearing in the'ournal of 

Forestry" suggests a similar procedure to Schreiner's in 

the use of vegetative propagation to conquer some diseases 

by the reproduction of resistant specimens. In this arti- 

cle he states: 

"Vegetative propagation is of tremendous importance in 
developing disease-resistant trees. It is knon, for 
instance, that in onterey cypress there sometimes 
occur specimens that are resistant to the Corynium 
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fungus which has seemed to threaten to eradicate this 
species completely. From such specimens, by means of 
vegetative propagation, a fungus-resistant strain can 
be developed in a short time. If it were found that 
certain individual trees of white pine are resistant 
to blister rust (which has been claimed), and if white 
pine could be propagated vegetatively (which may be 
possible), it would be rerÍect1y feasible to develop a 
disease resistant strain." 

Mirov (13) in a recent article reports the recent 

findings which give some encouragement to the idea of re- 

producing a rust-resistant white pine vegetatively. He 

reports that Dr. W. N. Snell of Brown University collected 

seed from a resistant pine at Temple, New Hampshire; he 

(Snell) then inoculated the trees grown from the seed. He 

is quoted as stating: 

"The trees from seed of the resistant pine were not 
more resistant than trees from normal seed. Of 
course, it must be kept in mind that no one has any 
information regarding the staminate parent in the 
production of these seeds, but it is extermely likely 
that the pollen entering into combination came from 
susceptible parents for the most part." 

Mirov concludes that vegetative propagation would 

necessarily eliminate this factor of a susceptible parent 

n the resistant tree under consideration. 

Frani several sources there are indications that 

vegetative propagation of such species as the pines can be 

accomplished by rooting cuttings of these species. Mirov 

(13) reports a plantation of Insignis (Monterey) pine grow- 

ing on sand dunes. The trees were started by merely 

setting slips into the sand. This plantation was started 

in New Zealand by . F. Field. We must taLe into 

consideration that conditions were nearly optimum with 
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adequate precipitation, warm temperatures, and a high water 

level. 

Mirov (13) reports that European investigators have 

made rootings of ±inus austriaca and Pinus sylvestris. He 

states that he himself rooted cuttings of Pinus ponderosa 

and Pinus strobus. He used rather elaborate equipment such 

as electrically heated propagating frames, and the roots 

formed where of an abnormal type. As a result of these 

experiments Lirov concludes that ve etative propagation of 

white pine is perfectly feasible physiologically, and this 

may lead to a solution of the blister rust problem. 

Another application for reproduction by cuttings is 

the reproduction of the hundreds of hybrid poplars turned 

out by investigators in the last few years. Poplars can be 

easily rooted by setting cuttings. This is the best and 

cheapest method of reproducing poplars now knotn. The 

cuttings make a much greater growth in their early life 

than do seedlings of the same species. The hybrid poplar 

plantings made in the Oregon Forest Nursery last year are 

good examples of the desirability of such propagation. 

At tixes a blight-resistant chestnut has been proposed 

as a solution for the chestnut blight. Though some vork 

has been done to produce a resistant chestnut, up to the 

present time no satIsfactory results have been obtained. 

If a disease-resistant specimen was found or developed it 

might be possible to propagate it successfully by cuttings. 

Another desirable species which must be vegetatively 
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propagated is the shipinast locust. This superior variety 
or clone of the comron black locust produces little or no 

seed. According to Swingle (24) it has long been propagated 

by planting suckers. He reports that although this method 

is successful, the tree producing many suckers, it is not 

feasible for large scale planting and in order to produce 

this tree on a larger scale for erosion control work a 

method of planting root cuttings was developed. He states 
they found a marked difference in propagability between 

different specimens. The method is successful but is not 

recommended for mass production of planting stock. The 

latest development in reproduction of shipmast locust is 
reported by Nicholson (15) who states that Dr. V. T. Stoute- 

meyer, of the Department of Agriculture's Foreign Plant 
Introduction Office, has devised a procedure for the speedy 

and economical reproduction of shipmast locust by rooting 
stem cuttings. 

Economy in Multiplying Trees 

In its most successful applications the propagation of 
trees by stein cuttings is a very cheap and simple process. 
On such species eis the willows and poplars cuttings can be 

taken in large quantities and easily planted for rooting. 
1?hen reproduction is secured by cuttings the propagator 
avoids such serious pests as damping off which is a constent 

source of trouble in most nurseries. Cuttings avoid the 
destruction of seed by insects, birds, or rodents which are 
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a serious source of loss in seedling methods of reproduc- 

tion. The sturdy cuttings are much less susceptible to sun 

scald, high and low temperatures, and drought, than young 

seedlings. The cuttings with their large early grovth are 

ready for out-planting in a shorter time than seedlings. 

No transplanting cost from seed bed to transplant rows is 

incurred in propagating cuttings. Again the propagator 

avoids the work, trouble, and expense incurred in seed 

collection, storage, and seeding. Another advantage is the 

choice of cuttings which can be cut to any size that the 

propagator may find convenient or desirable. 

Zimmerman (30) comienting on the desirability of 

vegetative propagation quotes Vierheller as saying: 

"The importance of this question is obvious when we 
consider the increased use of cuttings in propagation, 
and also the fact that hardiness, disease resistance, 
yield, growth habit, vigor and perhaps quality of 
fruit may be affected by the root. The great varia- 
bility of seedling roots is common knowledge. It 
would be of immense value if this variability could be 
eliminated by producing trees on their own roots, witì 
out the expense of root grafting." 

He goes on to state that plant breeders producing new 

varieties which do not reproduce true to type from seed 

have a real interest in reproductions from cuttings. 

Budding and grafting are not always desirable since it may 

be hard to find congenital stock for new hybrids. Seedling 

stocks are variable and may modify the new hybrid to such 

an extent that the breeder is unable to determine the exact 

value of his new production. Zinimernian continues with: 

"Not only do rooted cuttings insure uniformity of type 
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and vigor, but where the improved methods recently 
developed are used practically a year's time can be 
saved in growing stocks to budding size,..." 

As suggested by authorities quoted earlier in this wo± 

vegetative propagation will make genetics or plant breeding 

work more uniform. The propagator can perpetuate any tree 

of ultra-desirable qualities, and he can save time in his 

breeding work. 

Discovery of Hormones and the Relation to Forest frees 

A complete or comprehensive treatment of the discovery 

of hormones is beyond the scope of this work nd will not 

be attempted here. ent arid Thiman (27) have an excellent 

text on this subject vthich contains the complete history of 

the discovery of hormones and the work done in this field 

up to 1937. Schaad (19) gives a good summary of the work 

of Tîent and Thinian besides the later work of other 

investigators in this field. 

vent and Thiman (27) define a hormone as follows: "A 

horìone is a substance which, being produced in any one 

part of the organism, s transferred to another part and 

there influences a stecifi.c physiological process." 

Only within the last ten years have hormones been 

isolated and their effect on rooting arid root growth and 

development been determined (19). However, work on these 

growth-promoting substances had been progressing for a long 

time prior to this. V'ent and Thiman (27) report that 

Darwin in 1880 speculated on plant responses and suggested 



15 

that growth-promoting substence influenced plant growth. 

Schaad (19) reports that an early investigator, Sachs 

(1880 and on), ttpostulated the existence of root-Íorming, 

flower-forming, and other substances, which move in 

different directions through tt'e plant." 

v:ent and Thirnan (27) quote Padl as showing that a 

growth-promoting substance transmitted through the olant 

was responsible for normal growth. 

v:ent (27) was first successful in obtaining this acti 

growth-promoting substence. Investigators next made 

chemical investigations of the substances, "auxins," and 

isolated the pure forni of three highly active substances. 

Then it was found that root forming was due to special 

substance, auxin, which was be formed in 

the stem tips or terminal buds and diffused downwards. 

They further concluded (27) that there is a direct relation 

between quantity of auxin and growth obtained. 

Zimmerman and ilcoxon (31) working in the Boyce 

Thompson Institute for Plant Research reported sixteen 

different substances that have some effect on the initia- 

tien of roots on plants and other plant responses. They 

induced local initiation of adventitious roots on stems and 

leaves, proliferations, swelling and bending of stems, 

acceleration of growth, and epinasty of leaves. They 

achieved rather extraordinary results in various plants 

which were, however, all herbaceous. 

Went (26) reports that hormones of various kinds are 
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necessary ror growth of stems, apical swelling, and root 

formation. He states that without the various hormones 

produced in various parts of the plant the various parts 

can not grow. 

Thinian (25) reported in 193e that although Padi estab- 

lished the fact that growth in plants is under the control 

of special grovh suLstances or hormones about twenty years 

ago, our knowledge has increased mainly in respect to only 

well-defined group. the auxins. These substances have 

been isolated from both plant and animal sources; their 

chemical nature has been thoroughly elucidated, and large 

numbers of synthetic substarces have been prepared hich 

have similar actions. He reports that another effect of 

hormones is that substance tbat promotes in some 

tissues also caracteristical1y inhibits it in others. 

Went arid Tiiman (27) give Cooper credit for beginning 

the study of the commercial use of auxin in 1935e He 

app7ied auxin as a paste made by mixing auxin and lanoline 

(sheep wool fat) and applying it:to the apex of the stems. 

Zimmerman and Hichcock (27) found that high concentra- 

tions of auxin applied to the base of the cuttings induced 

root formation. 

Afanasiev (1) in a recen article makes the following 

statements concerning the feasibility of rooting cuttings 

and the ossibilities of success when using hormones: 

"According to some investigators all ìlants have a 
potential ability to .roduce new roots and eonseuent]y 
every plant can be propagated by cuttings. The time 
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required for root formation and tie ability of a cut- 
ting to survive until new roots begin to function are 
two limiting factors determining the final outcome of 
any attempt to root cuttings....Since the discovery of 
the effect of several indole derivatives on the initie- 
tien of root growth and further studies of the extra- 
ordinary properties of these substances, treatment of 
cuttings with indolebutyric acid. stands out as a very 
promising means of inducing root formation in many 
plants that heretofore could not be reproduced in this 
manner." 

Where Roots Originate in the Cutting 

Callus--In many cases of rooting cuttings a smaller or 

larger amount of callus may form at the cut end of the 

stem. Many propagators have associated callus with root 

formation on cuttings. Zimmerman (30) states that the 

ability to form callus does not always show ability to form 

roots and may even inhibit root growth. 

Sledge (22) states that this callus is formed by the 

activity of the phellogen or so-called bark cainbiwn. He 

states that root initials may grow through the callus or 

arise above the callus. He also reports that the pheliogen 

gives rise to new shoot initials. His statraent fo11ows 

"an extended study of propagations in the Dicotyledons 

leads to the generalization that the vascular cambium gives 

rise to root initials only, and the phellogen to new shoot 

initials." 

Priestly (17) also reports that roots are initiated on 

the vascular cambium. They may strike out through the 

cortical tissues and issue laterally, or they may grow 

through the pad of the callus thich covers the cut end of 



the shoot. This callus is formed by the phellogen. 

I-le enlarges on this report by saying that the shoot on 

a shoot system usually arises from a pre-existing bud 

initial, but if this be absent buds may frequently arise 

from the callus over the cut surface. Wben the origin of 

these buds is followed the buds are found to arise from the 

cork phellogen; later this meristenrntic tissue is put into 

contact with the vascular system by the development of 

tracheids. 

Use of Substances other than Hormones in Root Stimulation 

Curtis (4) reports an experiment where potassium 

permanganate was used to cause an increase in root pro- 

duction. He is quoted as saying: 

"Five possible explanations for this stimulation have 
suggested themselves to the author. These are (1) 
that the treatment causes a change in the nature of ti 

food supply of the twig; (2) that it affects the rest 
period of the cuttings, serving to start growth 
earlier and thereby causing an apparent stimulation of 
root growth; (3) that it upsets the balance of food 
supply between the tops and the roots in favor of the 
latter; (4) that it retards or inhibits growth of 
microorganisms; (5) that it increases respiratory 
activity by catalyctally hastening oxidation. The 
results show that the last of these is the most 
probable explanation. The others may in sorne cases be 
of importance in explaining the rootings of the 
cuttings, but the £ti1ulation by potassium nerraangan 
cannot be fully explained in such ways." 

Chadwick (2) in extensive studies used the following 

chemicals as a stimulant in promoting roots on cuttings: 

potassium permanganate, manganese dioxide, manganese 

sulphate, aluminum chloride, ferric chloride, ferne 
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sulphate, arid phosphoric acid. He also found that absorp- 

tion of cane sugar on imriature cuttings gave increased root 

development, but with mature cuttings benefits are slight 

or even detrimental. With these experiments he concluded 

that potassium permanganate is the best stimulant of the 

given chemicals. He reports that the optimum results are 

gained from a sugar solution by soaking the cuttings for 24 

hours in 0.05 molecular solution which is approximately one 

pound to seven gallons of water. The best concentration of 

potassium nermanganate is a 0.01 molecular solution which 

corresponds to one ounce in five gallons of water; the 

cuttings are soaked in this solution for 24 hours. 

Use of Hormones with Forest Trees 

The use of auxins or hormones in rooting cuttings of 

forest trees is really just beginning. Only a few articles 

have been written on their possibilities, and large-scale 

methods are not yet fully developed for any species, 

although work is in progress at the ìresent time. 

The two best hormone chemicals to induce rooting are 

indolebutyric acid and indole-acetic acid. 0f these two, 

indolebutyric acid stands out as the most successful (1) 

and is the material used in the leading commercial prepara- 

tions. It is put up in powder form where talc or similar 

inert material is used as a carrier and in liquid forni 

where it is dissolved in alcohol and diluted in a water 

solution. 
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Among the work of investigators on this problem of 

propagation a few retort results with forest trees. Snow 

(23) workng with sugar maple cuttings secured positive 

results; his best results were from a three-hour treatment 

with indolebutyric acid at a concentration of 50 milligrams 

per liter of water. Results were almost as good with a 24- 

hour treatment in a 25 milligram soLition. His successful 

cuttings were taken in 3une and July. 

Thiman arid Wént (27) report that for practical pur- 

poses a 12- to 24-hour treatment of 0.2 mg. per cc. can he 

recommended, but they add the warning that concentrations 

vary for different plants, and the toxic limit for each 

species must be determined by experiment before large-scale 

applications are attempted. 

Schaad (19), using a horticultural variety of Irish yew 

found the best rooting occurred at an eight-hour treatment 

at a concentration of 5 mg. per 100 cc. of water; at this 

concentration 70% of the cuttings rooted while the urìtreat- 

ed ciecks all failed to root. 

Professor . F. LcCulloch (12) probably did the first 

work with hormone-treated Douglas fir cuttings. His 

results are T)romising and interesting. Fe found the best 

response with a 24-hour treatment with an 6 mg. per liter 

concentration. He also had results at 3-, 5-, and 10-ing. 

concentrations with a 24-hour treatment. To cuttings of 

two-or three-year-old wood rooted. His rooted cuttings are 

now transplanted in the Oregon Forest Nursery and seem to 
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be healthy and growing. 

The Pennsylvania Chemical Corporation, makers of 

uxi1in, recoinraend various concentrations ranging from to 

10 mg. per loo cc. of water. For tha ornamental conifers 
listed in their recommendations they recommend various 
concentrations ranging from 2 mg. to C mg. per ioo cc. No 

fi ires are given for ny forest species. 
Ray Glasgow and Darwin Clark (8) reported 80% rooting 

of cuttings of western red cedar when using an Auxilin so- 

lution and a 92% mortality of untreated cuttings. However, 

they do not state .hat concentration of Auxilin was used. 

Procethre in Using Hormones 

The use of the is relatively sim- 

pie. A small graduate and a dilution chart are Thcluded 

with each bottle of Auxilin, eliminating all guess work or 

need for laboratory equipment. It is important to place 
the Auxilin in the container used for mixing first and add- 

ing the water to the Auxalin. If this is not done the de- 

sired reaction does not take place (E). As previously 
stated the recommended concentrations run from : ing. to 10 

mg. per 100 cc. with no data available on proper concentra- 

tions for forest trees. 
McCulioch (12) found concentrations of 3, 5, 8, and 10 

mg. per liter to 1ve varying degrees of success. 
Snow (23) working with sugar maple found 50 mg. per 

liter be:t. 
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As before mentioned, Schaad (19) found 5 lug. per loo 

CC. best for Irish yew. 

The commercial powder form of Auxilin knoi as Auxan 

is ap;lied by merely dipping the basal ends of the cuttings 

into the powder and then planting the cuttings. 

Obviously the only way to vary the concentration would 

be to vary the proportion of the inert material. At the 

present time only the one concentration is put up by the 

makers of Auxan. 

The liquid form is applied by soakng the basal ends 

of the cuttings in the proper solution for the desired 

length of time. Only the lower 1 to 2 inches of the 

cuttings are immersed. 

The length of treatment for the liquid form varies 

widely. The makers of Auxilin recommend frou i to 48 hours 

of treatment, the length of time depending on the species 

and. concentration. The horticultural conifers have 

recommended lengths of treatments of 6 to 48 hours with 24 

hours being the most common (16). McCulloch (12) finds a 

24-hour treatment the best. 

Cuttings--Cuttings are taken at various times. Snow 

(23) found June and 3u1y best for sugar maple. McCulloh 

(12) took floulas fir cuttings in 3anury. Glssgow and 

Clark (8) took the western red cedar cuttings during the 

dormant season. Schaad (19) took cuttings of Irish yew on 

December 31. Th makers of Auxan (16), in their directions, 

state that evergreen cuttings from mature wood may be taken 
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frani July to November. Thrfurther state that spruce and 

fir root best if taken frani January to April. Again they 

state that cuttings should be taken following a few light 

frosts which have checked the growth. Yerkes (29) reports 

that cuttings are good after a few light frosts. It may be 

seen from the above that there is no specific time for tak- 

ing cuttings. The best time has not been determined for 

any one species as yet. 

Some investigators and nurserymen recoríimend a treatniert 

of conifer cuttings to drain off the oleoresin; this is 

done by placing the basal ends in warm water for two hours. 

Mirov (13) reports that this was done in successful experi- 

ments at Berkeley, California. On the other hand Laurie 

and Chadwick (11) state that this resin has little effect 

on rooting. 

Age of cuttings--The cuttings have been »ost success- 

ful wien taken from the current season's or the latest 

growing season's wood. McCulloch (12) failed to root two- 

and three-year-old wood. 

Position of Basal Cut__The position of the basal cut 

varies for different plants and pecies. Chadwick (2) 

states that the usual position of the basal cut has been at 

or just below a node. VTiggin (28) states that basal ends 

cut at random are usually satisfactory. 

Rooting !nediums--Sand has been a standard rooting 

medium for many years. However, Hitchcock (10) in exhaust- 

ive tests found that 90 out of 96 varieties of cuttings 
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rooted best in a mixture of sand and peat. MeCulloeb. (12) 

used a half sand and half peat mixture. Schaad (19) also 

used a half and half, sand and peat mixture. 

Place for Rooting Cuttings--No definite conditions as 

to the best method of keeping or housing cuttings during 

the rooting period has been determined as yet. It is 

reasonable to assume that this will vary widely between 

species. McCulloch (12) had his cuttings in flats in the 

greenhouse where temperatures ranged around 65 degrees dur- 

ing the winter and probably much warmer in the summer. 

Schaad (19) reports that his rooting mediums were heated by 

steam pipes under the benches which gave the mediums a 

temperature of 65 to 72 degrees. Mirov (13) reports he 

electrically heated propagating frames which 

maintained a temperature of 74 to 78 degrees. Yerkes (29) 

recoraends ordinary hot-bed frames for propagation work. 

Although greenhouses and hot-beds probably provide 

optimum conditions for rooting cuttings, it is important 

that we devise a cheaper method if we are to develop an 

economical 1arg scale method of rooting cuttings. 

Time Required--The time required for cuttings to root 

also varies widely. The makers of Auxilin (16) give the 

time required for rooting Japanese cedar as 3 days, and on 

the other extreme, Japanese yew, is given as requiring 97 

days; Colorado blue spruce takes 45 days. 

Professor MoCulloch set his cuttings in Jenuary and 

had no roots formed by the end of May; however, when the 
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cuttings were set out in September, they had roots of vary- 

ing lengths up to 18 inches. 

Glasgow and Clark (C) set their cuttings of western r 

cedar in the winter and found rooting accomplished in 

October. 

The makers of Auxan (16) in their directions state 

that evergreen cuttings from mature wood may be forced to 

quicker rooting by applying bottom heat ranging between 65 

to 75 degrees. 

Procedure Followed in the Present Experiment 

In order to test the theory advanced by Mirov (13) 

that blister rust might be controlled by vegetative prop- 

agation of resistant trees the vTiter has placed 200 

cuttings of western white pine in flats which are now in tl 

College greenhouse. 

Cuttings--Cuttings were taken on November 4 and on 

November 18. The cuttings were taken from terminal and 

lateral shoots of the more vigorous branches. Cuttings 

were from the current season's growth and are from four to 

eight inches long. The needles on the lower one-half of 

the cuttings were stripped off. The cuttings were treated 

and planted within a very short time after being taken. 

Treatment--Half of the cuttings had their basal ends 

placed in warm water for two hours before treating,; this 

was to see if the oleoresin had any effect on rooting as 

some investigators maintain. The other half of te cuttirs 
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were placed directly in the Auxan and Auxilin treatments. 

The Auxan powder form of hormone was applied by 

dipping the basal ends of the cuttings into the hormone 

powder and inserting them.into the rooting medium. The 

cuttings receiving the Auxilin or liquid form of treatment 

were placed in ordinary tumblers so that the basal ends of 

the cuttings were immersed in two inches of solution. The 

solution was of varying concentrations; different groups 

were treated with , 1, 2, 3, 5, 6, and 10 milligrams of 

indolebutyric acid per 100 cc. of water. Ordinary tap 

water was used. The length of treatment was J8 and 24 

hours; 10 cuttings in each concentration were treated 18 

hours and 10 cuttings in each concentration were treated 

24 hours. After treatment the cuttings were 

the rooting medium. Untreated checks were also inserted 

in every flat. 

Th medium--The rooting medium consisted of a mixture 

of three parts sand to one part peat moss; this was 

thoroughly mixed and packed into the flats; next it was 

well watered before putting cuttings into the medium. 

Conclusions 

At the present time, January 29, 1940, it is still 

impossible to draw any conclusions from the exeriments 

now under way. No root development has as yet taken place 

and there are no indications that roots will be produced in 

the near future. Some of the cuttings have died end 
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shriveled up while others are as green end fresh as when 

they were planted. In order to find out if outdoor 

propagation by cuttings is feasible by cuttings the writer 

is olacing 50 cuttings oÍ' Douglas fir each month into a 

bed in the Oregon Forest Nursery. This work is done 

through the cooperation of Professor W. F. IcCulloch and 

Nurseryman Verne !cDaniels; Don Bauer is doing the actual 

field work. This may produce some information on the 

feasibility of planting these cuttings directly in the 

nursery. lt may be entirely possible to root cuttings of 

conifers in this way by the use of hormones. In the 

nursery it is possible to provide water, shade, and care 

as needed, and during the mild summers here it may be 

practical to propagate cuttings in this manner. 

The amount of investigation on rooting of forest tree 

cuttings has been confined in the main to hardwood species. 

For some of these the method gives excellent results; a 

good example is the planting of hybrid poplar like those 

placed in the Nursery lst spring. According to Nicholson 

(15) a method has been developed whereby through the use 

of hormones large-scale propagation of shipmast locust has 

been made possible. Professor McCulloch demonstrated the 

feasibility of rooting Douglas fir cuttings last year 

(1939). 

Hormones--A Field of Great Possibilities 

Most of this work cn forest trees is still in the 
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early experiniental stages. The developraents in the use of 

hormones open up all kinds of possibilities in the field 

of propagation. The writer does not wish to create the 

impression in this paper that the stimulation of roots is 

the only influence of the plant hormones. This effect is 

produced by only one group of plant hormones, the auxins. 

According to present knowledge on the subject of hormones, 

they seem to govern all the different functions of growth 

and reproduction or at least modify these functions tre- 

mendously. Nicholson (15) writes an almost fantastic 

account of the very latest findings in the hormone field. 

Among the most recent are such things as spraying apple 

trees to prevent aple drop; one case cited showed that 

untreated trees dropped 55% of their apples while treated 

trees dropped as little es 10%. In another experiment it 

wes found that treatment of apple whips (yourg trees) 

caused the branches to spread out making the frame work of 

the tree more wide-angled than on untreated trees; this is 

desirable as it strengthens the tree mechanically. 

Another case shows where spraying peach trees delayed the 

opening of the buds II days; this avoided all losses from 

late frosts; the fruiting was unaffected in any way; also 

the treated trees were alost eitirely free of peach-leaf 

curl while untreated trees were badly defoliated. Other 

experiments on treated grass seed showed the yield almost 

double tat of grass grown from untreated seed where all 

other conditions were alike. Tow growers are finding hornDne 
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treatment of pecan transplants prevents the large losses 

that used to be sustained in planting. Other workers find 

that overdoses of hormones apparently cause galls on 

plants. One versatile investigator doubled the yield of 

tomatoes by hormone treatment of the plant; anotner pro- 

duced seedless fruit, notably seedless tomatoes, by treat- 

ing the female flowers with hormones instead of allowing 

normal fertilization. 

And so the work goes on with some extraordinary 

developments. The field is too new to predict where the 

results will end or f just what practical value they will 

be. In any case there is room for a great deal of work 

with the possibilities almost unlimited according to 

present indications. 
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