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RESULTS OF EXPERIMENTATION WITH PHYTOHORMONES

IN THE PROPAGATION OF FOREST TREES

INTRODUCTION

This thesis represents a summary of the results obtained

in experiments on the effect of plant hormines in the vegeta

tive propagation of coniferous species. Only a brief review

of the techniques employed in treating the several species

used in this experiment is made because they are described in

detail in "The Effect of the Synthetic Plant Hormones in the

Propagation cf Forest Trees", by Lawrence W. Zach (12). Var

ious techniques used by other experimenters in this field

have been described by Donald R. Bauer in his thesis on

"Techniques Employed in the Application of Fhytohormones as

an Aid in the Propagation of Forest Trees" (1).

Work on this experiment was begun in November, 1940, and

the first results obtained in October, 1941. Parts of this

same experiment are being carried on at present in the Oregon

State College greenhouses, the Oregon Forest Nursery, and in

field plantings on the Siuslaw National Forest. It was plan

ned and begun by Lawrence W. Zach, assisted by Donald R. Bauer

and the writer but, because of the time element involved, it

was not possible for the aforementioned men (Bauer and Zach)

to include the results in their writings on technique and

procedure, hence this paper will minimize technique and deal

with accomplishments of the experiment.
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DEFINITION

In order to eliminate the possible misconception of
"hormones" as applied to plants with those of the animal
kingdom, phytohormones are defined as: "Substances which,
being introduced into one part of a plant organism, are trans
ferred to another part and there influence a specific physio
logical process." (1)

OBJECTIVES

"l. To investigate the possibilities of a vegetative method
for reforesting the denuded timber-land of the Northwest.
The purpose of this method is to attempt to provide a
cheaper, faster, and more certain method of re-establish
ing forest growth.

2. To further develop practical vegetative methods of repro
ducing clones of desirable species of forest trees which
cannot now be propagated efficiently.

3. To develop the use of plant hormones to increase survival
of seedlings in field planting and in nursery transplant
ing. Preliminary work indicates that the hormones can do
this by: (a) stimulating root growth, (b) increasing the
size and quality of the root, (c) reducing root shock in
transplanting, and (d) providing a better top-root balance,

4. To develop the use of the plant hormones in growing seed
lings in order to: (a) reduce delayed germination, (b) to
raise the tree percentage, (c) appreciate uniform germi
nation, (d) increase uniform initial growth, and (e) re
duce or eliminate damping off damage."

In order to further these objectives liquid and powder

plant hormone treatments were employed to test the effect of

phytohormones, and vitamin B factors were used to test the

influence vitamins on cuttings, seedlings, and seeds.



SUMMARY OF TREATMENT PROCEDURE

Cuttings

Cuttings of Douglas-fir, Port Orford white-cedar, west

ern v/hite pine, shipmast locust, western weeping hemlock, and

red alder were taken in November, January, and March. They

were given the following treatments at the time of cutting:

dipping basal ends in indolebutyric acid in pov/dered talc in

concentrations of 1000, 3000, and 8000 parts per million of

talc; and 20, 40, 80, 160, and 200 parts per million of indo

lebutyric acid in water using a twenty-four hour treatment

soaking the basal ends only. One half of the November cuttings

were watered weekly with vitamin B factors (Vita-Flor--trade

name of a concentrated solution). The red alder and shipmast

locust were given callusing treatments. Following treatment

all species were placed in flats containing two paits sand

and one part peat moss and placed in the Oregon State College

greenhouse. The rooting media v/as kept moist and the temper

ature averaged around seventy degrees.

Seedlings

Douglas-fir, Port Orford white-cedar, ponderosa pine,

and western v/hite pine, were given the following treatments:

indolebutyric acid in talc at the rate of 250, 500, and 1000

parts per million: indolebutyric acid in water at the rate

of 5, 10, and 20 parts per million: Vita-Flor, vitamin B

concentration, at the rate of two drops to one gallon of

water. The powder treatment was applied by placing the roots

of the seedling in a bag and shaking. Seedlings treated



with the vitamin concentration were soaked for fourteen hours.

Treated seedlings were then planted in the field. The plot is

located just west of the forks of the ridge road and the road

to Peavy's cabin, McDonald Forest.

Transplant Seedlings

In testing the effect of hormones on transplanted seed

lings the following treatments were used: 250, 500, and 1000

parts per million of the powder solution: 5, 10, and 20 parts

per million of the liquid; Vita Flor vitamin B concentration

at the rate of two drops to one gallon of water. The method

of treatment was the same as that used on the field planted

seedlings. The treated seedlings were then placed in trans

plant beds at the Oregon Forest Nursery. March 14-15, 1942.

Seeds

Douglas-fir, Port Orford white-cedar, western v/hite pine,

and sugar pine seeds were given powder treatments of 250,500,

and 1000 parts per million: liquid treatments of 5, 10, and

20 parts per million of acid in water: vitamin B treatments

of two drops per quart and two drops per gallon of v/ater.

The v/estern white pine and sugar pine seeds were stratified

from December until time of treatment. In the powder treat

ments the seeds were wetted and then stirred into the pov/der

until a uniform coat was obtained on the seed. The seeds were

soaked fourteen hours in both of the liquid treatments. The

treated seeds were then planted in beds prepared in the Oregon

ibrest TTursery. The seedbeds were covered with burlap for a



period of tv/o weeks. At the end of this time lath shade and

wire netting protection was erected.



RESULTS WITH CUTTINGS

Douglas-fir

The Douglas-fir cuttings made and planted in November,

1940, showed no results by October, 1941. All cuttings were

dead; all treatments had failed, and the experiment was aban

doned.

The January, 1941, cuttings rooted ten to thirty percent,

with the 8000 p.p.m. powder treatment showing the best results.

All strengths of the powder treatment rooted to a certain ex

tent. In all of the liquid treatments only one cutting, in

the 80 p. p.m. treatment, rooted.

The March, 1941, Douglas-fir cuttings rooted twenty to

seventy percent in the powder treatments. Powder treatments

only were made due to lack of results from liquid treatments

in the proceeding experiments. The strongest solution show

ed the highest rooting percentage. Two of the controls rooted;

presumably through transfer of hormones through the rooting

medium due to the fact that all strengths were in adjacent

rows in the same flat.

March appears to be the optimum time for making cuttings

of this species. The results of this experiment corroborate

Griffith's (6) statement that this month is optimum for root

ing Douglas-fir cuttings.

It was noted that the rooted cuttings tended to develop

strong lateral branches instead of a leader. These cuttings

were not places in transplant beds to note further develop

ment but on checking with rooted cuttings field planted by

McCulloch (10) it was found that his treated cuttings had



also produced strong laterals and were without a definite

leader.

This new growth on the cuttings evidently can be corre

lated with rotting because in the November and January cut

tings new growth was absent to a great extent while the March

cuttings, which had the greatest rooting percentage, new

growth was very prevalent.

All of the November cuttings were watered weekly with a

commercial vitamin B]_ concentration but due to the lack of

results this practice was discontinued on the January and

March treatments.

Though the rooting percentage of the March treated cut

tings was fairly high the length of the time required to es

tablish healthy roots was such that the procedure does not

offer any great advantage over seedling stock as far as ra

pidity of planting stock production is concerned. This

practice would be of value in producing stock of a desired

strain, which is one of the objectives of the work.



TREATED CUTTINGS

Douglas-fir

Rooted^ Good PoorNo. Flanted Treatment

20 11/9/40 Powder 1000 ppm
20

t» " 3000 ppm
20

it " 8000 ppm
20

ii Hormodin A 20 ppm

20
it " 80 ppm

20
it " 160 ppm

10
ti Controls

10 1/15/41 Powder 1000 ppm

1C
ii " 3000 ppm

10
it " 8000 ppm

10
it Honoodin A 40 ppm

10
tt " 80 ppm

10
tt " 160 ppm

10
ii Controls

10 3/9/41 Powaer 1000 ppm

10
it " 3000 ppm

10
tt " 8000 ppm

10
tt Controls

(No results by
October 4. 1941
Abandoned)

20#
105
30^
0

0

0

40#

20«

2

1

3

0

0

0

0

1

4

5

0

0

0

0

0

1

0

0

4

0

2

2

8



Port Orford Whitecedar

All cuttings made and treated in November, 1940, January

and March, 1941, rooted ninety to one hundred percent. The

controls rooted; November, sixty percent, January fifty per

cent, and March, seventy percent.

Any phytohormone treatment seems to be effective with

this species in increasing rooting over untreated cuttings.

Jacobs (C) reports that he has rooted Port Orford whitecedar

successfully on a large scale. All treatments definitely

increased the size and the abundance of the roots.

The rooting of this species was so successful that di

rect planting of the treated cuttings in the field was under

taker in the spring of 1942. This step may be toe advanced

at this time but the encouraging results indicated that per

haps time might be saved in experimenting with this species

if field treated cuttings were planted on a selected site.

The results also indicate that Bauer's (1) hypothesis in

stating that there seems tc be a correlation betv/een the

species'- coppicing ability and its ability tc be vegetatively

propagated is correct.

So far, this is the only species treated that promises

to become of importance commercially.



No. Planted

20 11/9/40
20

tt

20
it

20
it

20
it

20
tt

20
tt

10
tt

10 1/15/41
10

it

10
tt

10
tt

10
11

10
ti

10
11

10
tt

10
it

10 3/12/41
10

11

10
ti

10
tt

TREATED CUTTINGS

Port Orford Cedar

Treatment Rooted^ Good Poor

Powder 1000 ppm
" 3000 ppm
" 8000 ppm

Hormodin A 20 ppm
" 40 ppm
" 80 ppm
? 160 ppm

Controls

Powder 1000 ppm
" 3000 ppm
• 8000 ppm

Hormodin A 20 ppm
" 40 ppm
" 80 ppm
" 160 ppm
" 200 ppm

Controls

Powder 1000 ppm
" 3000 ppm
" 8000 ppm

Controls

95#
100<£

9b%
100$
100#
100#
100%
60^

90%
90%

lOOJg
100^
loot
100%
100%
100#

50%

90%
100$
100$
70$

19

19 1

19

15 5

16 4

19 1

20

5 4

7 2

10 0

6 4

7 3

9 1

10 0

10 0

5

9 0

10 0

10 0

0 7

10

Larger cuttings produced much larger roots than smaller
cuttings.
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Western White Pine

The results of the November, 1940 planted cuttings were

very poor. Only one cutting had rooted by October, 1941.

The cuttings planted in January, 1941, gave the highest

average rooting for this species. According to Deuber (2)

the best time to take western v/hite pine cuttings is from

December to March, but Farrar and Grace(4) state that their

best results were obtained from August cuttings. The high

est rooting percentage (sixty percent) was obtained from the

strongest liquid solution. The strongest powder solution

(8000 p.p.m.) produced only ten percent rooting. This powder

strength appears to be too strong for this species, yet Doran

(3) finds that a high concentration (2000,000 p.p.m.) of in

dolebutyric acid is optimum for white pine. (He does not

state whether this is a liquid or powder concentration.)

These results are not a true picture of just what white

pine will dc in the field of vegetative propagation as the

cuttings were made from tv/o year old seedling stock and not

from the lateral branches of young trees. The difficulty in

procuring good cutting stock has hampered the work of the

investigators with this species.



TREATED CUTTINGS

Western White Pine

No. Planted Treatment Rooted^ Good Poor

20 11/9/40 Powder 3000 ppm 0 0 0
20 " " 8000 ppm 10% 0 1
20 " Hormodin A 80 ppm 0 0 0
20 " " 160 ppm 0 0 0
20 " " 200 ppm 0 0 0
10 " Controls 0 0 0

10 1/15/41 Powder 8000 ppm 10$ 1 0
10 " Hormodin A 40 ppm 20# 0 2
10 " " 80 ppm 305 0 3
10 " " 160 ppm 30% 3 0
1.0 " " 200 ppm 60$ 4 2
4 " Controls 0 0 0

10 3/l0/41 Powder 1000 ppm 50% 2 1
10 " " 3000 ppm 40% 0 4
10 " ? 8000 ppm 0 0 0
10 " Controls 10* 0 1

12
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Western Weeping Hemlock

Cuttings of this species were made and treated in Jan

uary and March, 1941. The best rooting percentages were ob

tained from those made in March and treated with powder solu

tion. These cuttings rooted from fifty percent to eighty

percent depending upon the treatment. The stronger powder

solutions were the most favorable. Twenty percent of the

"ormodin "A", 20 and 160 p.p.m., treated cuttings rooted.

The other strengths and the controls failed to root at all.

It should be noted in examining the field forms that

the cuttings treated with the 8000 p.p.m. powder solution

were exceptionally small and that their rooting percentage

was somewhat lower than the other treatments. Indications

are that the size and conditions of the cuttings influenced

the rooting.

In further treatment of western weeping hemlock the re

sults indicate that perhaps stronger treatments would give

better results. The only important advantage of propagating

this species vegetatively lies in the difficulty of reproduc

ing these trees from seed. It appears that there are no

differences in wood characteristics from those of western

hemlock, but this weeping variety may become of some import

ance as an ornamental in time.



No. Planted

10 11/30/40
10

it

10
ii

10
it

10 1/15/41
10

11

10
it

10
11

10
ti

10
11

10
tt

10
11

TREATED CUTTINGS

Western Hemlock

Treatment Rooted'7' Good Poor

Powder 1000 ppm 10% 0 1

" 3000 ppm 105 0 1

" 8000 ppm 50% 5 0
Controls 0 0 0

Powder 1000 ppm 70^ 7 0

" 3000 ppm * 80250%
8 0

" 8000 ppm 4 1

Hormodin A 20 ppm 20# 2 0

" 40 ppm 0 0 0

" 80 ppm 0 0 0

" 160 ppm 20% 2 0
Controls 0 0 0

Cuttings all very small--possibly should have been
larger ror better rooting.

14
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7/estern Red Alder

This species failed to respond to any treatment with a

single exception: one cutting treated v/ith Hormodin "A",

160 p.p.m., produced vigorous roots.

It is very evident that some other method must be used

to secure rooting of western red alder. The results obtained

by Vehkov (11), and Hitchcock and Zimmerman(7) seem to bear

out the fact that the cuttings were taken at the wrong season.

In their experiments v/ith hardv/oods they find that hardwood

cuttings bearing leaves respond more readily to phytohormone

treatment than do cuttings without leaves.



TREATED CUTTINGS

No. Planted

Red Ale

Treatment

ier

Rooted^ Good Poo

10 1/15/41 Powder 1000 ppm 0 0 0

10
ti " 3000 ppm 0 0 0

10
11 " 8000 ppm 0 0 0

10
11 Hormodin A 20 ppm 0 0 0

10
11 " 40 ppm 0 0 0

10
it " 80 ppm 0 0 0

10
11 " 160 ppm 0 0 0

10
11 Callus / pov/der lOOOppm 0 0 0

10
11 " / ' " 3000ppm 0 0 0

10
11 " / " 8000ppm 0 0 0

10
11 " / Hormodin A 20ppm0 0 0

10
n ti / 11 " 40 " 0 0 0

10
ti / » " tsO " 0 0 0

10
tt it J it "160 " 10 1 0

10
it Control 0 0 0

16
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Shipmast Locust

Treatments v/ere given in January to two sets of cuttings:

one set was callused and the other uncallused. Identical

phytohormone treatments v/ere given to each set. The rooting

varied from zero percent to fifty percent with no definite

indications as to the optimum treatment. The callused cuttings

were inclined to root better than the uncallused cuttings.

Experimenters with black locust report that high concentra

tions used on callused cuttings gave best results(9). Our

results indicate that perhaps stronger treatments are needed,

although according to the table results seem confusing.

Zach's report (12) gives an illustration of the rooting

and comments further on the results.

Much more work needs to be done toward the vegetative

propagation of this species. Such work is important because

shipmast locust must be propagated by some vegetative means

in order to maintain the species.



No. Planted

10

10

10

10

10

10

10

10

10

10
10

1/15/41

TREATED CUTTINGS

Shipmast Locust

Treatment Rooted^ Good Poor

powder 1000 ppm
" 3000 ppm
• bOOO ppm

Hormodin A 160 ppm
" "80 ppm

Callus / powder 1000 ppm
" / " 3000 ppm
" / " 8000 ppm

/ Hormodin A 80ppm
" / " "lCOppm

Controls

50^ 3 2

10% 1 0

50^ 3 2

0 0 0

0 0 0

40% 1 3

20# 2 0

30% 3 0

30% 3 0

30% 1 2

0 0 0

18
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RESULTS WITH ROCTED CUTTINGS

(Field Planted)

Rooted Cuttings Field Planted

All of the Port Orford White-cedar cuttings that had

rooted by March 12, 1941 were planted in the field on that

day. They were checked for growth and survival on November 1,

1941. It was found that all but eight had died by this date.

Evidence showed that the site was toe severe for this species.

On this western slope the only rooted cuttings that survived

were those that were shaded by abundant sucker growth from

a large maple stump. These did not show any appreciative

growth.

RESULTS WITH FIELD PLANTED SEEDLINGS

Douglas-fir

Hormone treatment of seedlings of this species is not

significant. powder treatment seemed to stimulate growth di

rectly as the strength of the treatment increased, but this

may be only coincidence as there does not seem to be any de

finite trend. Liquid treatments did not show any definite

trend. Effect of treatment on survival is undetermined.

Port Orford White-cedar

The treatments applied to this species indicated that

higher survival was obtained ever the untreated controls.

It is difficult tc tell just what solution is the most bene

ficial as far as survival is concerned. The effect of the

treatments on the height growth of the seedlings could not

be determined.
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ponderosa pine

''ormone treatments seemed tc increase survival in this

species but no distinct trend of various treatments was no

ticed. Treatment also appeared to increase height growth over

the control growth, but as in survival no distinct trend was

noticed. The 250 p. p.m. powder treatment indicates most favor

able results as far ss influencing an increase in height

growth.

Western White Pine

Little difference was noticed between height growth or

survival and the various treatments. There are no indications

whether hormone treatment is beneficial or detrimental to

field planted seedlings of this species.
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* 2.0 SEEDLINGS PLANTED IN THE FIELD

SPECIES T RSATMSNT Numb e r Percent Average
P lanted Survival Growth

Doug:Las- fir 250 P .p.m. powder 10 100 1.7 in.
it 500

ti »
10 60 2.0 "

tl ii
1000

it ti
10 90 2.5 "

II it 5 it liquid 10 70 3.0 "
II it 10

u it 10 100 3.4 "
tl ti 20

it tt
10 70 2.d "

II ti

Bl 10 90 2.9 "
tt « Cont:rols 10 80 2.7 "

P. 0. fh . Cedar 2 50 P .p.m. powder 10 100 0.75 in.
II tt tt

500
it it 10 50 1.30 "

tt It ti 1000
it it 10 80 0.b5 "

tl tt tt 5
it liquid 10 70 0.96 "

II II tt
10 tt it 10 80 1.60 "

II tt ti 20
tt tt 10 80 0.72 "

II • ti

Cor

10 90 1.20 "
tl » it itrols 10 50 0.88 •

Ponderos a Pine 250 P., p.m. powder 10 70 0.96 in.
tt ii

500
ii it

10 60 0.43 "
ii ii 1000

ti ti 10 80 0. 52 "
tt ii 5

it liquid 10 70 0.38 "
it tt 10

ii it 10 80 0.71 "
ii tt 20 it ii

10 70 0.47 "
tt it

Bl 10 60 0. 53 "
ti n Controls 10 40 0.30 "

W, White Pine 250 P« p.m. powder 10 30 1.30 in.
tt it ii

500
tt tt

10 40 1.10 "
ii ii tt 1000

ii it
10 20 1.10 "

ii ti ii
5

tt liquid 10 30 0.70 "
tt ii tt

10
tt tt 10 10 0.00 "

ti ii ti 20
it it

10 20 0.50 "
ii ti tt

Bl 10 30 0.86 "
it it tt

Controls 10 20 1.50 "
*-

season curing 1941
Adverse site and exceptionally difficult growing
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RESULTS WIT^ NURSERY TRANSPLANTS

Douglas-fir

Powder treatments indicate increased survival With the

increase in strength of the treatment. The liquid treatments

do not indicate any distinct advantage.

T"o trend in increased growth can be observed because of

the treatments applied.

Fort Orford White-cedar

One hundred percent survival in all treatments except

one (the one exception v/as ninety percent) including controls

are indicative that hormone treatment has little effect on

survival in this species.

Figures indicate that increased strength of hormone

treatment decreased the height grov/th for Port Orford White

cedar in both liquid and powder treatments.

Ponderosa Pine

One hundred percent survival in all treatments including

controls leave little to indicate that hormone treatments

have little effect upon survival.

There are indications that increased strength of treat

ments tend to decrease the height growth.
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NURSERY TRANSPLANT SEEDLINGS

SPECIES TREATMENT Numb

Plan

Dougl;18- fi p 250 p.p.m. powder 10
it 500 "

it
10

ti it 1000 " ti
10

ii tt
5 " liquid 10

ii it 10 " it
10

it ii

20 " it
10

ii it

Bl 10
ii H

Controls 10

P. 0. Ih. Ceda r 250 p. p.m. powder 10
ti ti tt 500 "

it
10

ii it ii 1000 • it
10

ii ii tt 5 " liquid 10
n tt u 10 " ii

10
it it tt 20 " it

10
tt it ii Bi 10
tt it it Controls 10

Ponderosa Pine 250 p.p.m. powder 10
it it 500 " it

10
ii it 1000 " tt

10
ti it 5 " liquid 10
ii ti

10 " it
10

tt it 20 " ti
10

ti ti

Bl 10
tt ti

Controls 10

Percent Average
Survival Growth

80 2.0 in

90 2.2 ii

100 2.1
ii

100 2.2 it

100 2.6
tt

70 1.0
ii

100 1.0
it

90 2.9
ii

100 9.7 in,
100 6.0 it

90 4.2 tt

100 9.0
n

100 7.3 n

100 6.5
ii

100 8.6
ii

100 8.5
ii

100 1.1
it

100 .9
it

100 1.2
ii

100 1.1
it

100 .4
ii

100 .4
ti

100 1.2 ti

100 1.0 ii
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RESULTS WITH TREATED SEEDS

Douglas-fir

The liquid and powder hormone treatments appear to have

an irregular effect on seed germination and no definite trend

is observed over the controls. Both vitamin (full strength

and one-half strength) treatments show a marked increase in

germination percent over the controls.

Port Orford White-cedar

AH treatments showed a marked increase in germination

over the controls. Increase in strength increased the germi

nation. The full strength vitamin treatment showed the best

percentage. All percentages v/ere extremely low. Controls

did not germinate at all.

The height growths varied to a great extent and made it

impossible to ascertain whether treatments affected height

growth--further complicated by lack of controls due to fail

ure to germinate.

Western White Pine

Germination percentages point to the fact that treating

seeds of this species has a detrimental effect. Control

germination was much higher.

Ho influence on height growth was observed.

Sugar Pine

All treatments increased the germination percent over

the controls. This is very obvious.
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Ho distinct trend in height grov/th was observed.

COMMENT

It seems obvious that any phytohormone treatment has

seme effect upon cuttings, seedlings and seeds, either bene

ficial or detrimental. More experimentation along these lines

is needed to further substantiate the facts and trends men

tioned herein. Each one of these three fields in itself re

presents a large problem and should be handled individually

in order to refine and develop the results and techniques to

a point where these facts and trends can be definitely esta

blished.



RESULTS WITH SEEPS

SPECIES TREATMENT GERMINATION HEIGHT

Douglas-fir 250 p. p.m. powder 32€
" " 500 " " 13%
" " 1000 " " 27*
" I 5 " liquid 16*

10 • " 32,4
it tt it

it ii

ti it

20 '* " 30*
it M - '-

Bl , 36*
B-j_ (e commercial con- 29*

centration)
Controls 22* 2.2 in.

P. 0. White-cedar 250 p.p.m. powder 2%
" " " 500 " " 4%

1000 " 4*

20 " " 10'%
B1 4 16#
Bt(concentration) 4^
Controls 0*

" " " 1000 "
" ! " 5 " liquid 6*
" " 10 " * 8#
it it tt

ti tt tt

ii tt it

W. White Pine 250 p. p.m. powder 12*
" " 500 " • 135

" 1000 " " 11*
" " " 5 " liquid 14%
" " " 10 " " 11*
" " " 20 " » 13*
tt tt ti

tt ti «

it ii tt

Bl . 14*
B (2 concentration) 10*
1Controls 24#

Sugar Pine 250 p. p.m. powder 52*
w .» 500 .. ,. 60v

1000 ' " 54*
" " 5 " liquid 57*
" " 10 " " 46*
" " 20 " " 61*
" " Bn 54'^

" B]_(-! concentration) 65^
" " Controls 36*

3.2 in.

4.1 tt

4.4
it

2.7 tt

3.2 11

2.7
it

3.2
11

7 K tt

2.7 ti

4.0
tt

0 ti

. -j

3.5 tt

4.1 11

2.9 11

3.5
it

3.1 tt

.0 11

1.2 in.

1.1
it

1.3
tt

1.4 11

1.1
11

1.4 11

1.5 it

1.5
it

1.2 ti

4.2 in.
3.9 ti

4.5
tt

4.1
ti

3.6 tt

3.6
11

4.4
11

4.2 ti

3.7 it
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SUMMARY

Cuttings

Douglas-fir

Cuttings of this species rooted most successfully when

taken in March and treated with the strongest hormone solu

tions. (8000 p. p.m. powder)

Western White Pine

January cuttings rooted most successfully and when treat

ed with the strongest liquid solution. (200 p.p.m.) Strong

powder treatments are detrimental.

Port Orford White-cedar

Any treatment is beneficial. Practically one hundred

percent rooting of all treated cuttings. Controls averaged

sixty percent for November, January, and March cuttings.

Western Weeping Hemlock

March cuttings rooted best when treated powder solution.

Physical factors (extremely variable size of the cuttings)

were very detrimental to determining which strength was most

effective in relation to height growth.

Red Alder

All treatments failed with this species. Indications

are that new techniques are needed.
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Shipmast Locust

Callused cuttings rooted best. No definite indications

noted. New techniques appear necessary.

Rooted Cuttings--Field Planted

Port Orford White-cedar

Indications are that vegetative propagation of this

species for field planting will be successful if proper sites

are used and proper temperatures are maintained.

Field Planted Seedlings

Douglas-fir

Effect of treatments on survival is undetermined. Pow

der treatments appear to stimulate height growth.

Port Orford White-cedar

Treatments increase survival and do not appear to have

much effect on height growth.

Ponderosa Fine

All treatments appear to increase survival. No effect

on height growth.

Western White Pine

Ho effect noticeable on either height or survival.
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Transplanted Seedlings

Douglas-fir

powder treatments increased survival. Treatments have

no effect upon growth,

port Orford White-cedar

One hundred percent survival including controls nullifies

the effects of treatments. Strong treatments decreased height

grov/th.

Ponderosa Pine

Same as above.

Seeds

Douglas-fir

Liquid and powder treatments have irregular effects.

Vitamin Bi treatments definitely increased germination.

Port Orford White-cedar

All treatments were beneficial. Vitamin B, gave highest

percentage. All controls failed.

Western White Pine

Treatments are detrimental. No effect on height growth.

Sugar Pine

All treatments increased germination. No effect on

height growth.
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FURTHER EXPERIMENTS WIT^T LIQUID PHYT0HCRMONE

TREATMENTS ON SEEDS

INTRODUCTION

In view of the poor results obtained with the seeding

experiment in the Oregon Forest Nursery the writer inaugurated

a duplicate experiment in the Oregon State College greenhouse.

Due tc the lack of greenhouse space the extent of the work was

limited to treatment with liquid concentrations only. The

strength of the treatments were increased over those of the

original experiment. The writer had planned to follow up the

results of this work at the end of three months with another

set of experiments but no space was available and lack of fi

nancial backing prohibited carrying out the plan.

SEED SOURCES

Douglas-fir and port Orford white-cedar seed was obtained

from the Oregon Forest Nursery. The sugar pine seed was ob

tained from the Durbin Nursery, Susanville, California. The

western white pine seed was obtained from the Ssvenae Nursery,

TTaugan, Montana. AH seed was of 1941 origin except the sugar

pine which v/as collected in 1938.

LOCATION OF EXPERIMENT

Space was reserved in the Oregon State College green

house. Arrangements must be made for this space some time in

advance of the actual work.
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TREATMENTS

Unstratified seeds of Douglas-fir, Port Orford white

cedar, western v/hite pine, and sugar pine were given treat

ments of five, ten, twenty, and forty parts per million of

indolebutyric acid in water; and treatments of four drops per

quart and two drops per quart of vitamin B factors. All seeds

were soaked twenty-four hours in the solutions. The controls

were not soaked. The treated seeds were planted in flats con

taining clean, sharp sand and left in the greenhouse. The

temperature averaged around seventy degrees during the experi

ment. The flats were watered every other day. Germination

counts were made every twenty days for eighty days.

RESULTS

Douglas-fir

At the end. of eighty days the Douglas-fir seeds v/ere

still germinating. The strongest Hormodin "A" solution ap

peared tc have a detrimental effect on the germination per

cent and the rapidity of germination. The optimum treatment

of phytohormones was the twenty parts per million concentra

tion showing fifty percent germination at the end of the per

iod. The remaining phytohormone treatments showed no detri

mental effects over the controls.

The treatment of seeds with vitamin B factors gave en

couraging results, v/ith increased germination in proportion

to the strength of the treatment. These treatments gave re

sults on a. par with the optimum phytohormone treatment.

The controls showed the slowest germination rate with
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the exception of the Hormodin "A" treatments of five and forty

parts per million, which showed practically the same germina

tion rate as the controls. The treated seeds increased nearly

ten percent in germination over the untreated controls.

Port Orford White-cedar

All of the treated seeds had reached the peak of germina

tion by the end of forty days. The controls v/ere still germ

inating at the end of eighty days. This indicated that treat

ment v/ith phytohormones and vitamin B factors increases the

rate of germination. All of the treated seeds shewed an in

crease in germination percent over the controls, with the ex

ception of the five p. p.m. phytohormone treatment. This treat

ment and the controls showed identical germination percent.

The treated seeds shewed an increase of over ten percent over

the controls. The TTormodin "A" ten p. p.m. treatment gave the

optimum germination, the germination percentage decreasing

with the increase in strength obove this treatment. The vita

min B treatments were both above the average germination per

cent, tut no distinct advantage of either treatment was

noticed.

Western White Pine

The results with white pine were rather mediocre. Only

three treatments were at all encouraging. These were the

Hormodin "A" ten p. p.m. treatment, which showed only eight

percent higher germination than controls, and the vitamin B

treatments with five and six percent increase. The average



germination percent xor all treatments was only two percent

above the controls. At the end of eighty days the seeds were

still germinating, and if left for a longer period would have

probably shown a much higher percent. Treatments apparently

did little to increase the rate of germination except in the

"A" ten p. p.m. treatment.

Sugar Pine

Most of the seeds that germinated did so within forty

days. All treatments used on this species appeared detrimen

tal. The stronger the treatment the lov/er the germination

percetn, generally speaking. The controls showed the highest

germination v/ith eleven percent of the seeds germinating.



TREATED SEEDS (Unstratified)

Planted January 18, 1942 OSC Greenhouse

100 Seeds tc a sample Soaked 24 hours

Comparison by Species

Species

Douglas-fir
P. 0. Cedar
W. White Pine
Sugar Pine

Douglas-fir
P. 0. Cedar
W. White Pine
Sugar Pine

^o-nglas-fir
P. 0. Cedar
W. White Pine
Sugar Pine

Douglas-fir
P. 0. Cedar
W. White Pine
Sugar Tine

Douglas-fir
F. 0. Cedar
W. White Pine
Sugar Fine

Douglas-fir
P. 0. Cedar
W. White Pine
Sugar Pine

Douglas-fir
P. 0. Cedar
W. White Pine

Sugar pine

Treatment

Hormodin "A" 5ppm
it ti it

tt it ii

ii it it

Hormodin "A" lOppm
ii it tt

TTormodin "A" 20ppm

TTormcdin "A" 40ppm
ti tt tt

ti i:

II

II

Ii

Vita-Flor 4/qt.

Vita-Flor 2/qut.
it

ii

ti

Controls
it

ti

it

Percent Germination
20 40 60 80Days

2

42

11

0

2

60

18

0

3

45

9

0

1

51

13

1

3

56

13

0

6

53

9

0

1

34

9

0

5

50

14

4

6

65

21

2

8

56

14

2

2

55

18

5

8

60

20

2

8

59

14
9

4

38

14

8

21

50

16

6

36

66

24

4

25

58

17

2

22

57

19

7

26

62

22

2

25

59

16

9

23

48

15

11

34

50

17

6

45

66

31

4

50

59

23

2

33

57

24

7

50

62

28

2

42

60

29

9

34

50

23

11

34



TREATED SEEDS (Unstratified)

Planted January 18, 1942 OSC Greenhouse

100 Seeds to a sample Soaked 24 hours

Comparison by Treatments

Species Treatment Percent Germi nation
Days 20 40 60 80

Douglas- fir .Hormodin "A" 5ppm 2 5 21 34
u " " lOppm 2 6 36 45
ti " " 20pprn 3 8 25 50
ii " " 40ppm 1 2 22 33
tt VLta-Flor 4/qt. 3 8 26 50
it 2/qt. 6 8 25 42
tt Controls 1 4 23 34

F. 0. Ce dar Hormodin "A" 5ppm 42 50 50 50
ti " " lOppm 60 65 66 G6
it " " 20ppm 45 56 58 59
ii " ? 40ppm 51 55 57 57
ti •""ita-Flor 4/qt. 56 60 62 62
it 2/qt. 53 59 59 60
it Controls 34 38 48 50

W. White Pine T'ormodin "A" 5ppm 11 14 16 17
it " " lOppm 18 21 24 31
tt " " 20ppm 9 14 17 23
ti " " 40ppm 13 18 19 24
it Vita-Flor 4/qt. 13 20 22 28
tt 2/qt. 9 14 16 29
it Controls 9 14 15 23

Sugar Pine Hormodin "A" 5ppm 0 4 6 6
tt " " 10ppm 0 2 4 4
it " " 20ppm 0 2 2 2
ti " " 40ppm 1 5 7 7
ti Vita-Flor 4/qt. 0 2 2 2
ti • 2/qt. 0 9 9 9
tt Controls 0 8 11 11

35
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SUMMARY

Unstratified Seed

(1942 experiment—OSC greenhouse)

Douglas-fir

On the average treated seeds germinated best. Low 21

percent, high 36 percent; for phytohormone treatments. Vita

min treatments averaged 25.5 percent. Controls, 23 percent

germination.

Port Orford White-cedar

Treated seeds germinated best. Phytohormone treatments;

high, 65 percent germination; low, 50 percent germination.

Vitamin treatment, averaged 59.5 percent. Controls germina

ted 48 percent.

Western White Pine

Treaded seeds germinated best. Phytohormone treatments;

high, 24 percent; low, 16 percent. .Vitamin treatment, average

19 percent. Controls germinated 9 percent.

Sugar Pine

All treatments were detrimental. Phytohormone treatments;

high, 7 percent; low, 2 percent. Vitamin- treatments averaged

5.5 percent. Controls germinated 11 percent.

COMMENT

The western white pine and the sugar pine reversed the

opinions based upon the experiment made in the Oregon Forest



37

Nursery in March, 1941

It must be remembered in scanning the sugar pine results

that this seed was collected in 1958.

No trends in germination percent were observed when the

strength of the treatments v/ere increased, except in the Port

Orfcrd white-cedar. The results in the other species were

very variable.

CONCLUSIONS

It seems definite that Hormodin "A" treatment of a

strength from ten to twenty parts per million is the optimum

treatment for the seeds of Douglas-fir, Port Orford white

cedar, and western white pine. Stronger treatment is detri

mental.

The vitamin B factors appear to have a definite influ

ence in increasing the germination percent. According to the

results their influence upon the germination percent of the

above mentioned species war equally as good as the optimum

pov/der treatment. It is very difficult to diagnose the effect

of the different strengths of the two vitamin B treatments on

the germination percent, hut there are indications that the

stronger solution increased the rate of germination.

The treated sugar pine seed evidently must be disregarded.

It is very apparent that the old seed (1938) had lost its

viability. What few seeds did germinate were just able to

break through the surface of the rooting medium hefore they

died. Most of them were unable tc shed the seed coat. The

effect Of the seed being unstratified is undoubtedly another

factor that cannot be overlooked in scrutinizing the germina-
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tion percent. The indications are that phytohormone and

vitamin B treatments are detrimental, but the age of the seed

may have some effect upon germination after treatment.

The western white pine seedlings in the control flat were

attacked by damping off fungi shortly after germination. No

damping off was noticed in the flats of treated seeds. This

is in agreement with Gruenhagen who states that infection is

reduced by phytohormone treatment in seme species.

RECOMMENDATIONS

It is recommended that subsequent experimenters along

this line water their seed flats daily. The writer watered

his flats every two or three days but believes that more fre

quent watering would be beneficial.

Further experiments with seeds should include both stra

tified and unstratified seeds. If the writer had done this

some interesting comparisons could have been made.

Some means of tagging germinated seeds should be employed.

The writer found that at the end of eighty days many of the

seeds that had germinated first had died and no trace of them

wan left. If the observers are not careful they will be lost

and the record will not be accurate.

rore emphasis should be given to the vitamin treatments

as the results from this experiment are promising. It appears

as though a set of increasingly stronger treatments might give

some interesting results.

Effort should be made to secure fresh seed in all cases.
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USE OF THE LIGHTMETER A3 A ROOT MEASURING DEVICE

OBJECTIVE

To develop some method v/hereby the development of roots

can be accurately measured by some mechanical means rather

than by the judgement of an observer.

INTRODUCTION

In measuring and observing the growth of roots of the

variously treated cuttings it was noted that some standard or

definite criterion should be adopted accurately to designate

the development of roots in regard to different species and

treatments. To date all observances have been made by com

parison of the treatments with no standards set as to the

actual measurement of growth.

In view of the fact that statements made relative to the

root growth being poor, fair, or good are very ambiguous and

do not give a fair indication of the actual root growth, the

idea of using a lightmeter as a measuring stick of root

growth was partially developed. This measuring stick v/as

based upon the amount of light that roots would intercept

from a fixed source as measured by a standard make of photo

grapher1 s exposure meter.
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USE OF THE APPARATUS

To measure the amount of roots the top half of the de

vice was removed, the roots were centered upon the glass

plate, and the top was replaced. A Weston Master exposure

meter was placed over the opening in the top half of the

device and the ten watt bulb in the lov/er half, beneath the

glass plate, v/as turned on. A reading was then taken direct

ly from the scale on the lightmeter. This reading was noted

for further reference. The roots were then removed and an

other reading was taken of the amount of light emanating from

the illuminated bare glass plate. The second reading was then

subtracted from the first and the result was the amount of

roots measured in units of light interception.



DIAGRAM OF ROOT MEASURING APPARATUS

! LIGHTMETER, \
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I

10 WATT
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( T !

SIDE VIEW END VIEW
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TABLE I

Results

Douglas-fir Cuttings:
Planted 3/9/41

Powder #1 Treatment

Rooted Lightmeter
Cutting No. Reading Difference

1 2.70 .30

2 2.20 .80
3 2.75 .25
4 2.75 .25
5 2.80 .20

Control 3.00 •

Total 1-80
Average •36

Powder #2 Treatment

Rooted Lightmeter
Cutting No. Reading Difference

1 2.45 .60
2 2.60 .40
3 2.65 .35
4 2.65 .35

Control 3.05

Total 1.70
Average •42

Powder #3 Treatment

Reoted Lightmeter
Gutting No. Reeding Difference

1 2.50 .50
2 2.60 .40
3 2.60 .40
4 2.50 .50
5 2.60 .40
q 2.95 .05
7 2.65 .35

Control 3.00

Total 2«60
Average •37
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TABLE I

(continued)

Controls

Rooted Lightmeter
Cutting No. Reading Difference

1 2.80 .25
2 2.80 .25

Control 3.05

Total .50

Average .25
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Douglas-fir Cuttings:
Planted 3/9/41
Rooted 10/21/41

TABLE II

Results

Rooted Good Poor
Number Treatment Percent Roots Root

10 Pov/der #1 50 1 4
10 #2 40 4 0
10 #3 70 5 2

10 Controls 20* 0 2

# Controls presumably rooted because of phytohormone trans
fer through the soil--all of these cutting being planted
in the same flat.

44

Compare Table I and Table II as to their respective merits -for

analytical purposes.
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RESULTS

The measurement of rooting in light interception units

was accurate enough to make a much more efficient comparison

of the species and treatments than v/as the regularly employed

ocular comparison.

It is unfortunate that the author did not have more of

the treated cuttings to measure with this device, but by the

time that it was developed most of the experiments had been

completed. However, the measurements taken on Douglas-fir

cuttings, treated and planted March 9, 1941, indicate that

the device has definite possibilities The roots intercepted

an appriciable amount of light so that it v/as possible to

measure the varying degrees of rooting.

CONCLUSION

It would be well if further investigators along the

vegetative propagation line would experiment with the possi

bilities of this device and develop it to a finer degree.

Because of the measurements being limited to only one

set of cuttings, no lightmeter measurements to judge root

development were included in the thesis. The table included

in this section is the only evidence of the use of this ap

paratus, and is the result of measurements taken on the one

set of rooted cuttings.

From the tahles it can be noted that the results as

measured by the lightmeter, Table I, can be much more readily

analyzed than those in Table II, which was made entirely ty

ocular observation. Table I is obviously much more detailed



46

but apparently more superior and worthwhile than Table II.
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