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THE E¥FFECT OF TUE SYNTURTIC PLANT HORMMES
IN THE PROPACATION OF POREST TREES

Introdustion

The purpose of this work feg te Initiste & program of
reseurch to work oul practical methods of applying plant
hormones in the reproduction snd establishment of forest
trees, The work s being done with cutbtings, seedlinga,
and seeds,

In order %o provide beskgroumd for this work, the
work of other investigetors of the psst few years hss
been reviewed end analyszed, Nuch pure resesrch has been
cerrisd on in the discovery and development of plent hore
monﬁa. Aomd work has been done with the rooting of forest
tree cuttings, bnt, sxcept in g few cases, there has been
no sttempt to develop methods for lerge-sesle low-tost
preduction of plenting stock, #Fith the imowledre snd
information now st hand 1t seeme that an endesvor should
be made to svolve practical methods for the usse of these
normones in reproducing forest treen,

8ince the growing of trees 1s ¢ relstively long term

projest, sll the resulte from this program of resesvrch
will not be complete for asome years, However, preliminery
conelusions frow this work w11l be gpperent et eariier
intervale in the progrem, Such work ss seed trestment

will indicete positive or nepstive results in & short



time and indicste the directiocn of further work slong
this line,

BARLY WORY WIDY PL&NT ROBMONES

The history of the discovery of plant hormones,
thelr isolation, and ssrly apﬁii@atién s beyond the
scope of this program, This phase of the plant hormone
field hes been thoroughly covered In some recent investl-
gations (88). The writer {79) covers the application of
this fleld to forestry end reviews the possibilities In
this field,

OBJECTIVES BOUGRT THROOH EXPERIMENTAL PROGRAN

T™he objectives sought through this program are as
follows ¢

1. To investignte the possibilities of s vepstative
method for reforesting the denuded timber-lend of the
Yorthwest, Tha purpose of this method 1z to asttempt to
provide a cheaper, faaster, and more sertain method of
re-establishing forest growth. |

2, To further develop precticsl vepetstive methods
of reproducing clones of desirable specles of forest
trees which csnnot now be propsgated efficiently.

3. To develop the use of plant hormones to inorease
survival of seedlings in field plenting and in nursery
transplanting. Proliminary work indicates that the hore
mones can do this by: (a) stimleting root growth,



{t} inerossing the sisze end nuallity of the root, (o)
reducing root shoek in trasnsplenting, end (4) providing
& better top«~root balance.

4. To develop the use of the plant h@wmﬁmaa in
growing seedlinrs in order tos (&) reduce delayed
perminetion, (b} relse the tree percventage, (o)
sppreciste uniform permination, {(4) ineresse uniform
initisl prowth, and {¢) reduce or sliminste damping off
dsmage,

RECENY EORK I EEPLODUQTION OF FOREST THERS BY THE
1+ Procedures in the Rooting of
Dorment Cuttings of Forest Trees
he pest few yosrs heve sesn grest Interest and

seedlings, end seed, Cuttings have been glven the
grestest sbtention, A nuxber of species of forest troes
have been propsgueted by rooting puttings, though in only
e very fev cages %ﬁ?ﬁ thess eiperiments resulied in
methods adepted to lerge scale production of foreat
treos for field planting.

Thipmast locust (fiobinis psendosceclis ysr. rectissima)

stoutemyer, ot 81, {61) developed a method of
tresting shipmest locust ocuttings whie» sllows the
reproduetion of this desirable oclone on a large scale
besls, This method is especislly useful in viaw of the
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fact that the use of shipmest loocust in srosion control
was limited becauss of AIfflenlties in reprodueing this
tree; since the tree beara 11ttle or no sesd and rooting
of stem suttings wss unsuecessful, the only methods of
reproduction were by root suckers or by root cutiings,
Neither of theso methods is adented to mass production
of rlanting stook,

The method developed by stoutemyer consiste of
using hardwood Eamrmgntf suttings tsken in January,
Pebrusry, und Mareh, from growth of the ourrent sssson
from uny pert of the trae, e euttings are seationed,

6 to & inches long, 12 mm, or more in dlemeter, using

no aplcel ends, end no stiention 1s glven to the buds in
relation to the lowsr or upper end of ths eutting. For
exee in handling, the cuttings sre bundled in bunches of
25 and sre held topether with rubber bands.

The new levice inaugursted by Stoutemyer 1s the
calluaing of the cuttings beéfore irestment with the hore
mone. e callused eultines by packing them in wot
sphagnun moss wrung out in weter, then plecing the cute
tiners in s speclial tight hmx; This was koept gt o temporae
ture of 68 to 80 denrees F. for about 10 days. He states
that cuttings a@n alz0 be callused by pecking them in
wet moss in flats whioh ere then placed on top of hot
watey pipez for 10 days. “ome sucoess wes slso attsined
by packing cutiings in ssnd in an unheated nursery atorage
shed,
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Trestments ¢onaisted of 100 ppn. (parie p¢r m111ion)
of indelescetic acld, Indolebutyric soid, slphs-neph-
thalene scetio seld, nephthyl propilonic seid, snd phenyw
lscetic acld, Best results csme from indolescstic seld
which rooted 87 to §1.5 per cent; slpha-naphtholene
soetic eeld cave 66,5 to 7H.B per sent rooting: snd
indolebutyrice acld pave 535 to 78,5 per cent rooting,
“tovtemyer veports tiat for most cuttings indolebutyric
scld is wost successful, Untrested rootings felled o
root more than 0.5 per cent,

The hormones weres applied by plseing the bsesl ends
of the cuttinge in the scid solutions for 20 to 24 hours
st room temperatures. After trestment the cuttings were
planted in greenhouse benches in & sand medivm under the
ususl greenhouse conditions., Tutdeor rooting of cuttings
was mocessful st Deltaville, ¥aryland, when planted
May 1 end ¥ay 8. Harlier ocutdoor planting falled, The
suthor (61) further states that tale ms & ourrier for
the hormones is sn effective snd sirmple method of treat-
ment though this method reguires high consentretions of

the acid,

It wes possible to produce field plenting stook in
one season by thess methods.

¥onterey pine {7inus radiste)

Jacobs (32) vreports that reproducing Wonterey pine
from cuttings promises to be succeseful in lerpe scele
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production of planting stoek in Avstrslle. The method
is expected to cvercome the present objectlon to poor
form in the seedling trees, ISince the experiments were
cerrisd out in s temperate pert of Australis, the method
smay possibly be applied elsewhere, The olimate 13
roughly compareble to the milder perts of sastern Orspon.

Cuttings are taken from trees 4 to 7 years 0ld, at
whioh age the fest growing Monterey pine is 10 to 40
feot tall. Cuttings are taken from the lower and interw
medists branches by pulling off the whorls., The branohe
jets sre trimmed to 7 inch lengths using the spleal ends.
Ko nesdles are stripped from the basal ends of the ente
tings since thim seems to be detrimentsl to the outtings.

Jacobs reports that Merch to September (winter) is

generally favorable for setting outtings out to root.
Cuttings sre plented in the nursery in trenches § inches

‘deep with rows ¥ inches apurt and cuttings one inch

apart in the row., No shade 1s piven the cuttings.
Although hormone treatmenta pglve inoressed rooting and
better balanced root wsbm, the oot is not justified.
On & commercial basis 1t recquirves 4 menhours per thousand
to eollsct, trim, end plant guttings, Planting stook is
produced in one season,

orwsy spruce (Pices excelss)

Deuber end Farrsr (13), working with Rorway sprude,
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took ecuttinga of apical ends of growth of the previous
season, from lateral branches not over 10 feet from the
spound, The cuttings were two to eight inches in length.
The needles wers stripped from the lower ends of the oub-
tings, They found December the best month for teking
suttings when using & greenhouse fur propsgating. The
cuttings were planted in washed asnds The greenhouss
tomporature ran from 55 to 756 degrees F, Thelr resulbs
showed that the most susoessful reoting sppesred on the
untreated eontrolsy indolsbutyris seid treatments proe
duced less rooting then the sontyols, and the amount of
rooting deoreassd as the concsntrations lnsressed.

Grace (28) reports that suttings from the lower
branches of Borway sprues show slmost twioce the pers
sentage of suscesaful rosting ss the uvpper bpanehens
His outtings weve of the same type ag those deseribed
fop Deuber snd Farrar (18). Oraee also found thet

greatments of indclescetis acld in tale dust of B, 100,
snd 1000 ppme either failed to sblmulate rooting or even
trhibited yooting, In snother szperiment (19) with
treated Norway spruse oubbings, bhe found an inoresses of
10 per oeant in the number of cutblings rooted when &
traatwent of pos, indolylacetio sold in tale dust
was used in conjunction with trestments of canc suger
and ethyl mereuric phosphate as ocomparsd to outtings
not treated with indolylsoetic sclde 4 songentration




of 8000 ppze decressed rooting Lelow that 'ext the ammgm
These outtings wore taken in Noveuber, | ,
The dust trestment of hormones in tale sonsists of
dipping the basal ends of the cuttings into water or
ethyl alechol and then immedimtely dlpping the basal
ends into the wormons powder. Hzoess dust f{s removed
by gently tapping the cuttings before planting,
Grace used propagation frames with elsetrie bottom
heat onbles whish kept the rooting medias M T8 dsgrees ¥,
Eestorn white pine (Iimms stpobus)
Toran, et al, (14) mmmfnny NM maam
white pine cutbincs talken in Hovember from w m yeay
old tree, These mk&i&gp wre two to mm o 3
- outtings from the lower part of the tree mm best,
mma,mmmwmammsmwp&%mam
kept at 68 degress F, Optiman treatment wa with indolew
butyrie acid 200 ppm. for & hours at which/ eimxw
70 per cent of the outtings rooted. ,’/ |
| Toizan and Delisle (71) after sxperimenting with
vhite pine (“lmus gtrobus) found Shat mwmgs from
meture trees m&amwy falled but mmzwu
young trees, under four years old, roobed wmﬁ well
oven without hormone trestment. They amm wwm
type of sutbings for conifers baken the m&é@iu M the
dorment sesson, They preport the @y#m W&w
ment to be indole-scotic aeld, 200 ppwm. umm ﬁw '

| ;
L
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24 hour periods They used media of send, sand and peat,
and pure peat in bowes with hinged glass eovers heabed by
electric scll cables.

Douglos fir (Pseudetsues Lexifulie)

gpiffith (20, ﬂ@*} mm iﬁm&u fix* to root best
under greenhouse couditions when the unsual type of ocube
sonuber to Harch,
When treatsd with indelebutyric aseid the best rooting of
80 per cent coourved ab a concentration of 50 ppm. in
water for & 24 hour Srestment,. These outtings were from
latersl branches of young snd vigorous trecs., The medium
wae half sand, haif peab. The temperature varied from
64 to B degrees ¥,

sitke spruce (Fices sitchensis)

orafefith (88, 20) rooted Sitks spmes euttings under
the ssme conditions as those used with Douglas fir, He
found indolebutyric nold best st a concentrakion of
25 ppme for s 24 hour treatments From I r to Hareh
100 per cent of the cuttimgs rooted at this conesntretion,

wh and Delisle i‘m) WM%: s M@a
of rooting from cobbinge of red osk taleen from young
trees and ;iven & 84 hour tresiment of indole~scedie
acid at s concontretion of 400 ppms in weter, The oondie

e experiment were the see as those for white
pine sonducted by these suthors.




Thiman snd Dalisle i‘?‘l} found themselves unable to
root & single cutiing of eastern hemloek without hormone
troatmens, but they dld obtaln good results with treste
ments of indolewasetic neldy they do not give hw optie
mum oconcentration for this specien,

the Boyoe Thompson Imstitute failed to root entiings
of the weeping mmw;w of westorn hemlook (ZTmuzs heterc
Gturier of the Oregon State College Sehool of Forestry.
The methods and trestments used ave not known 5o the
writers The wesbern weeplng heulook trees are located
on flses Mountelin nesr Corvallls, Cregony they are the
only known weeping varieiy of western hemlook.

Terkea {77} rooted cuttings of esstern henml
waling standerd cuttings ecollected in Jesmary snd treated

with 80 %o 100 ppme of xm;mmﬁwm said for 28 hours,

Glasgow and Olark (2&% rooted western red ceder for
& silvioulturel project ab the School of Foreutry,

Oregon State Collsze in 1885, They used cubtings taken

in the winter and treated lhe outbings with Suxilin

(indolebutyrio asid}. They used the concentratic

1 by the Pennasylvania Uhemical Corporation,
Griffith (23) states that western red cedar rooted

at almoat &1l treatwents of & 24 houwr immersion in conw




contrations of 128 ppme snd lesz. The usuel green
equipment wae used and cuttinge were the same as other
previcusly desorided conifer outtings. Yestern red
root sanllys 18 rooted all during the
dormant sesson sbout equally well with trestments of
indolebutyric seld, indolsacetic soid, and naphthaleng
acetioc sold.

Yorkes {'77) rooted 70 per cent of western ped ssder
outtings when they weve tsken in Jomuery and ‘treated
with 80 %o 100 ﬁm» of Maumma soid for B2 hours.

¥orthern white ceder (Ihmis osoldentalls)

Yerwes (77) rooted nerthern white cedar from cute
tings taken in Ostober snd treated with 60 ¢to 50 ppm.
of indolesbutyric seld in amwrz» for 20 hours.

sesdar appesrs w

:.ém;fmm (88) in his mmwimzn with wostern lardh
rooted only a few cutbinge; these cuttings were handled
in the sawme nanner as the rest of his work,

Yeatern dogwood (Jormus pubsllig)

Grifrith (28) foun

d that western dogwood rooted
best directly after the leaves hed fallen. e used &
tremtuent of 37.6 ppme lndolebutyrie soid for 2¢ hours,
and obbtalned 20 per oent rooting., He used the standerd
type of deciducus outtings.

Cescers (ILpmoms purshiane

Geirfith (28) cbtained the best roobing in Cascers
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with & treatment of 25 ppm. indoledutyric seld for 2¢
hours, THinety per oent of cubtings taken in Ostober and

rember rooted st this consontrations The usual type
of cubtinge end fecilities were used.

ta)

Snow (56) mw% that tresbling end large tooth
aspen oan Lo rooted up to st lesst €5 por sent by 10 ppms
indolebutyrie acld in water for 27 hourss The cutbtings
vere of the usual type but wers taken just before the
buds burst in the spring.

ot rE izes fa Reting oo

Aspording to present indlostions softwood or greenw
wood cuttings teben dueing the
be & practicadbls means of reproducing forests., The
groving materisl is %oo soft and dellcate end Wima
sugh sxmobing ocnditions that 1t osn vot bDe hendle
economicelly.

Afenaniev (2) was suocessful in rooting grey bireh

growing sesscn will never

L“&W m x &q mh He falled %o root sucowsss
mloides) « i‘mt:&ima vare taken in July end August,
Sheding was neoussary to provent desioccstion, Treabe




i3
ments ran from 5§ to 20 ppm,. for 6 to 24 houy trectments.

Since softwood oubbings are 0 delicsde, care mmst
be sxerelsed in keeplng the humidiy
ture high but not excessive, the wedium wobt, and the
suttings shaded, These limitations call for gresnhouse
facilities which are too costly to permit the use of
this sethod in reprodueing forest trees.

Snow (52) wes able to root smoftwood euttinge of
white pine (Zimms atecbus) when ho took the outiings in
July and Aumst from trecs not over 156 years old. Toe
cuttings were taken from the lower lateral bLranches w
wore the atenderd type of apioal ends. The cuttings
did not root until the summer following the season in
which they were taken. Optimum trestment consisted of
indolobutyrice ncid et 25 ppm. fw 6 bours, He used an
outdoor saahecoversd propasabing frame oontaining decom-
posed horee mavwure under s S-inch layer of a sand and
peat mixture.

3s Hathods of Trestment

The trestwent of outilngs with hormones by prope-
gators of forest trees has been sssentially en adapte~
tlon of the practises followed Ly propagzators among
horticulturaliste. The chief methods ares (a) liguid
femersion method, (b} powder treatwent, and (o) concan-
trated liguid dip method,




most cases have Lo

id

Except for the eariiest experimental method of
spplying the hormomes in lenclin (sheep wool fat) the
immersion method is the oldest and most common method
of hormone troatwent. The method sonsists of plaocing
the basal ends of the euttings in the hormone-water
solutions for verious periods, depending on the kind of

- outting and the goncentration of the hormong.

Hitohoook and Zimmerman (34) of the Boyee Thompaon
Inatitute state that one to sighty ppm. of indolebutyrie
seld, indclessetiec acld, and naphithmlene-scetic acid
are most geverally used for yooting euttings. The time
will vary from © %o 24 hours for most forest specles.
They alsd malte the statement that lower concentradions
over longer periods of treatment are leas likely to
desage the suttings then high eoncentrations used for s
short period of time (36).

In applying the mth of liguid lmmersion to
forest tree propegation by cutitings, investigsbors in

and 1% neceasary to use rather high
concentrations of horwones az coopsred to consentrations

for othey plants, The 24 hour trestwment is now guite

standerd in this method of tree propagetions Black
looust (G1) im trested for @4 hours st 100 ppms ¥hite
pine, acsording te Dermn, et al, (14) roots best when
BOG prme for § hours while Thimen and Delisle

trented b
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{71) recommend 200 ppa, for %4 hours for this seame

species, These same investigators {(71) report a sucoense
ful treatment on red oak of 400 ppm. for 24 hours. On
the other hend there are reports from other investigstors
guoh as Griffith (88) who used concentrations ranging
from 25 ppm. o 125 ppm, with the mejority renging from
25 to 50 ppm. Helullooh {485) found 0 ppme to be optimmm
for Douglas fir st a 24 hour treatment,

{b} Powder treakment

Following the use M‘ M@am Immersion as & tresatment
powdered btalc was employed as & carrier of plant hormones,
This greatly simplified the tresting process, The advan-
tages aocording to Stoutemyer (83) are: low sost, saving
of Hime, no lose of time between Initiation of treatoent
and planting, ne necesaiiy for ooncentration charts, and
pafety of the treatment inm the hends of an inexperiensed
mane Hde stetes that the chiel objection is the Jiffi.
eulty encountered in ualing different concentrationa.

' He thiniks & concentration of 1000 ppm, should be most

genorally neeful. At the present time the Merok Chemiosl
Company, lahway, Yew Jersey, distribute three concentrae
powder known as Yormodin Powder #1,
Hormodin Powder #2, and Normodin Powder #3, L/

/e sonoentrations es:t‘ mm pouders ere trede seorets
of the Herohk M cupany. 7The ooneentrations in ppm.
of these crmmercial ;mmﬁw@s m e obtained from the

Librerien of ﬁm ﬁmz of Forestry, Cregom State College,
for researel pUrposes only.

tiona of horoons
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They publish a 1iat of plents whose oubtings respond to
these consentrations. Hitchoook snd Zismeyman (54) state
that powder ooncentretions mey run from 0.5 to 50 mu.
per gram of scid to tele; this i1s » soncentration of
§00 S0 80,000 ppm,.

e ltem of Lmportsnce in connection with the powe
der treatment is that ths bassl portion of the euttings
mist be molstened in water or ethyl aloshol, 45 to 20
per cent, or the powder will be ineffective. HKirkpate
rick (39) exphasises the need of wetting the cuttings
with water. Hitchoook and Limmerman (34) report that
premolstening with & 50 to 85 per cent ethyl alechol
sclution is mors effeotive then water, butl that wabey
is more effective than no premoistening. Heehl (45}
revorts that 1if euttings ave not disped in water or aloow
hol before vrecelving the powder trostument the hormoy
will bave no offvot, Herek end @mmﬁy rososmend dioping
the besal onds of the cuttings in weter before treating.

Information on vesults obtained in treating forest
treo outtlings with the dust treatwenis fe still indefl-

the euttings into n congentrabed aclution of the zamm
Aocording to Hltehoook and Zimmerwmen {34) the range will
be from ohe 0 twenty mg. per gras of 1lguids this 1a e
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sonoentration of 1000 to 20,000 prms This method has
the seme sdvantagos as the powder treatment except thet
1t is not foolproof and 1t is more expensive, Hitohoook
and Zimmermen (34) report the powder and comoentrated
dip methods to be about equally effective. 4s iu the
oase of powder treatment, the concontrated dip method
has 1ittle avelleble information oh resulis obtained in
using this methed on forvest tree cubtbings.

{d) Othey metheds of hormong guolioghlon

The method of spplying hormonos in lanolin is sill
uged and this product s on the marked. Y secent availe
able reports sontain 1ittls or no m::?m%mn on the uee
of lanolin and hormines.

Anothey
the outblngs with dilubte hormone solubtions. Apvavently
it is rather A31fflcult to control the treatments in this
method so investizetors are not working with this mebhod

method of spplying hormones is by watering

at the prosent time.

™we iden has ccourred fc powe investigetors that
combinations of hormonsa »dght prove more elfective than
arplicstion of a single hormone. Hitshoook and Zlimmer-
mon (38) combined hornmones and found thet when they used
wiztures of squal seblvity in any proportions thers was
1ittle chance in astivitys shen mixtures of substances

L/ General Bislogisal Supply Company Incorporated,
Chiongo, 1llinols.
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of unegual sctivities were used, varisd results werse
cbtained which somatimes gave greater t&mx additive
effgotas nelther rooted or unrooted ocutitings ware bene-
fited by treatment with Vitamin B,, ;

Another m«a in treating cuttings vau’fi\w retrest the
cuttings at subsequent intervals after mkmu&u treat-
mont, Cooper and Went (8) inoreased rmhimg; of white
pine (Jinmue gtrobug) from 4 %o U per cent 'eafy"“m~mmam
the cuttings three deys after the origineal mgw:u’ty
For preotiocal purposes both the original mwmamm

were Iallures.
4¢ MWedls Uped for Outtings

Send was the stenderd rooting medium for & long
tine, In mors recent yesrs the addition of peet W
to the sand is favored by most propacators of euttings.
¥itehoock (33) after rather sxheustive studies states
that 00 out of 95 varieties of sutiings rooted best in
a sixzbure of sand and peat, Deuber and Ferrsr (13)
used streight sand. Oriffish (88, 29) nesd mﬂ parts
send and peat mose. Durus (156) resommends m part peat
moss to three parts sand, Yolullseh (43} Ma& oqgual
perta post woss and sand, Kirkpstrick (390) says a sand
and peat mixture iz best. Thiman and ﬁﬁie@gmf{?l) used
sand, sand and pest, and cwre poat, and % d rooting
ir oach of these medis. Thsy reccmmsnd stmri X"a\am peat asg
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being 8 little better than sand alone. Doran, et al,
{14) used thres parts send to ocne of peat. Pearce (49),
working with fruit tree cultings, used pure ssnd. Vab-
Kins (73}, working with troplosl plants, used two paris
sand to cne of peat,.

Snow {B0) sugrests that a wedium mey be more effec-
tive for rooting cutiings if it has become infected with
certain spesies of fungl, He musresta thab the cuttings
may benafit from the suxins produced by ecertain fungl.
Sniow further susgeste that fungl harmful to the euttings
might alse be pressnt. The writer (7¢) esxperienced a
loss of the majority of the guttings of white pine (Qimus
a) plarted in a medlum which had been wsed for

roobing euttings previously; insect orgeniams served to
be the chief cavse of loass.

B¢ Tempersiures

~ The temperaturs at whieh scuttings sre kept while
being rooted 1w important, Yerimas (77) vecommends that
the rooting medium be & to 10 degrees warmer than the
pndn & Botbom heat of
60 degress ¥, with the air temnerature at 5 to 10 degrees

surrcunding air. Duraz (18} recams

lower, ODsuber and Farrar (13) used m tempevatuve of
55 to 76 degreea ¥, with the medium temperature a little
higher. Uriffith (88, 2¢) used an air temmerature of
54 to B2 degrees F. and a medium temperature sbout




enperature at 60 degrees,s EKirkvatrick
ommende & temperature of 76 to B0 degress F.}
he sdde that there la no gain in using hormones $f outw
pd or planted et low temperstures, since
the lower the tewperature the less sotivity the hormone
show; after a perlod of sold the hormons beocomes Inestie
vated and dosa not resume sctivity even whan oonditions
become wermer. Thiman end Delisle {71} stete thet bottom
koot for pine cuttings is definitely undesirable, In
hoated boxes the tempersbture was 78 depress F, while in
unherted boxes Lt was 64 degrees. Doran, ot al, (14)
rooted white pine (Zimus strobug) st 70 degrees Fe withe
out bottom heat, Chadwiek (7) tried bottom heats of
70 to 76 degrees as compared to 80 to 65 degress ¥.;
high bottom hest undesireble. Peares (49)
sommends & bottom heat of 65 to 78 degrees ¥,




WORK O THE STINULATION OF ROOY
WITH HORMOHES AND VITANIN B

HWork with Hopmones

The use of plant hormones in stimmlating roeot
grouth on seedling or rooted forest trees is Just begine
ninge At this time 1T is not possidle o prediet how
practicable the hormones will be for that purpose.

Plank (81) in & resent article reported positive
results from somking the roots of alesh pine {Pipng
cpribass) aseedlings in 4 consentrations of indolebud
acid, viz., 10, 20, 40, snd BO ppm,
for a pericd of 24 hours, NHe set these seedlings out
under field planting conditions in Jamuary and 11fted
and sxamined them one year later, He found the 10 ppm.
scnoentretion best, gliving 60 peyr ocent ival and
80 per cent of these plants had good roots as sompare
to the untreated controls with 70 per cent survivel and
30 per oent good roots. He reports the higher hormone
gonsentrations as having a toxie effest.

Smith and Romberg (58) werked out s system of
treating pecan ssedlings in sstedlishing orchards %o
oversome the high sesdling mortality, Thelr best resulds
onme from Inasrting toothpioks sosked in en indolebubtyris
soid solution into 7/64 inch holes drilied inte the roots
of the seedlings. The congentration was varied as
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desired though the aathors do not state what the coneen~
tratione wore.

Swartley (66), working with such trecs as horticuls
tural varieties of Plges duniperus ol

nlcers spp., and ¥alus slebaldd

rrogedure of hormone trestment for transplsnts, His
method consleted of using indolebubyric asid in tale dust
end Transplentone.l/ e indolebubyrie aold was nsed at
8000, or the esquivalent of
200 ppme Appliontion was mede by putting a quantity of
the dust into a paper bag, inserting the roots of a
buneh of sesdlings, snd shaking the inclosed powder and
roota vigorously to disteidube the dusty The seedlings
were then planted, Swertley repords that trested plants
prodused nearly twice ihw growth of sontrols,. Treated
transplent sbtook prodaced well clustered reots while the
sontrols or the Yitanin B treated seedlinge did nob proe
duse clusiered roots. Swartley reports thet treatments
w1tk wabor solutions ave less convenient end give less
maried resulta,

Wu {62) reports thet some work ha

& conoeantration of ons o

of xMauwmm aaid, indolescetis acld, indolepropionic
acld, and phenylaestle acid st concentretions of 10 to
y Transplantone is a comwrelel bhormone wmﬂ;



s in mﬁw solations Sop

40 ppms The roots were soek
from ome to two days just before plantings He reports
that thers wes & ta@-m&ﬁ@w&é inorease in root develops
ment especislly with indolebutyric aclds io addes thet
experinents are not yobu conclusive.

Swingle (68) further resorts work done by Chadwiek
Jibarn Cotoneastey (ehuwube) whore the roots of
these slwubs were soaked in solutlons of indolescetlo
s0id, indolebutyric scid, ond phenylacetic scld solutlions
of 10, 20, and 50 ppme for 12 hours, Hes obtalned defie-
nite root stimlation.

grece (20) gives the hormons treatment of growing
plents ag an application of .01 %0 .1 ppos in waterlng.
He reports that stimletion falls off as plantes get older
and alac &g busus conteut of soll inerceascss Anothesr
mothod of applicetien s to spray the solublion on the
plants and then wash it down $n watering.

Lindquiat (41) took stsrilised mutrient sclutions
derived from cultures of exerctions from myoslis of
soveral sommon mycorrhize-forming fungi of northesrn
Sweden. Yo tected these solutions on scedling troes
undsr laboratory oonditions. Hesults wors uniformly
favoreble for some solutlons and uniformly detrimental
for othera, Lindguiat sugpests that these effects nay

wone action of these fungil exevetions.
pests the poesibility thet this phenomsnon

He furtiber su




may explain the whole complex of myecorn

hise relationshipe.

Vork With Vitamin B Factors

The Y¥itemin B faotors are now yecognized as the
plent regulators which ars nsosssary for roct growth end
elongation but whieh do not induce root inidlala, Ture
tox Newe (4) makes the following statements “"Vitamin By
is not a root-forming hormotie~-it 1g & factor whioh stimme
lates s plant %o & more repld growth,”

The Vitamin B factors becams promiuent a few years
back when such emszing stories appesred as those by
Logen (42) and 4dmms (1). Apparently ths Vitesdn
factors are indispensable for root growth, but noruaily
the plant produces suffiolcnt of this reguletor withoud
requiring artifiolel application, %The most startling
results coourred in sandy soils poor fu husae such s

some of the Uslifvrnia sands, Since practioally no work
has been done with the Vitamis B factors on fovrest tree
spocles it will be mecessery to review sowe of the
regalts obimined by m:i;imlmaﬁa and pardeners in
the use of these svbatances.

Ewertley (06} reports the use of nicotinie ascid
(e Vitenmin B fector) at a concentration of 4 ppw, in
water end Transplentone et & coboen’
in wabor on such plents as Lonlgers
without marked resulie.
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Btoutenyer {63) repurts the use of Vitenmin By as &
subsequent trestment in rooting oubtinges. Me says 1t is
& root elongation fester whish sids in retaining the
leaves of soft wood outtings for long pericds of time.
Applicstion consists of one purt B, to one to five

million perte of watery thls 1s two tenths bo one ppem.
Results are not conclusive,
Yent, et al, (78]} report dovbliug the number
roots on lemon cubttings by s trestmendt of Vitexdin M at
ong prze in 8 B4 hoor lmmorsion freatwment 7 daye after
the initisl treatment with indolescetis seld st 200 ppw.
Camellia cuttings mo trested showsd reeults even more
striking; the controls produesd & tobtel of 6 roots while
the By treated saspls mmm &% wtﬂ of 67 roote.
Bonney {5) repvorts sn inoresse in the gensrel vigor
of plents of msterd and cosmos when Vitemin B, end
nicotinic scld wers added in addition to Vitamin Bye
Borner (8) reports thet Vitamin By sdded to various
spocies Io sand eulbure inoressed prowth in slow growing
specien tut bad no apparent effest ou fast growlng plants,.
Chadwiok (7) tweated Juniverus snd Taxug subiings
with eommercial hormonesy then 12 deye leter they were
ratared with & Vitanin By sclution of one ppm. This
addition of By inoressed the rata of pooting signifi-
eantly end appsrently rendered the stronger trestments
of hormones less toxiec. He adds that the By had no
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effect unless cuttings had been previously trested with
the rooteinducing hormone,

Yearoe (49}, working with fruit tree cuttings,
founa that subssquent btreatment with Vitamin by, one
Pptiey did net inorease the pumber of cuttings rooting
but suttings sc treated grew more vigorously alter
renoval from the Dranee,

Turtox Hews (4) recommenis treading trensplents
with Vitemin 3, and then watering plants onoe & week with

By
THI VD OF UORBOHEL AND VITAMIE B O sERy

™e use of hormenes and Vitenmin D in secd treatment
is yat too now Lo provide comelusive results. In somp
sl the treabte
ment of ssed while in others the apparent rozults were

triale very remarkable rosults have follow

negative. Little informetion ls yet availsdlas on results
obtained by treating trec seeds,

Groenhegen {51) eonducted soms expeviments on red
vine (Pinus resinoss) and white pine {(Plmue strobus
seod using mphmmmnﬁmgimu scid and IndoleBe
acetic asld to vest the effectivenvas of these hormones

for inersasing the pergentage of gersinmation and for
protecting seeds from scileborne infectlons. The naphe
thalenewpropionic selid was used at a concentrstion of
1000 ppme in powdered tale while the indol-B-ssetis sold



was used at « series of concentration from 5O %o B00C
poms  In another set of experiments he used indole3e
aootlo acld in a wabter solublon with s 12 houy treatment
; ppms  The experiments
were condueted under laboratory sonditlopa,

mekes the following stotement eoncerning vesults: "In
onest

sumary, these experiments indicate that the Yheowm
used do not protect white snd red pine seed from demping
off, snd do not stimulate the percenteps of germination,”
in order S0 provide a baschground to Inltiate treats
mont with tree seed, some of the results obtalned by
hortioulturists and agriculturalists will be reviewed.
rieholeon (48) veports that at the Nerris Avboretum
of the University of Pennsylvanie & duat Srestment of
lewn grass seed with plant hormoy

e ut ¢ congentration

‘of 10 ppme resulted fu & yield of almost twlee that of
untreated seed.
Velmer (74) reports that soaking of various seed

vas all detrimental, The lower the sonsentration the
less harm resalted. She further polnted ocut that the
rocts of besns trested with euxing or hormones developed
roots resenbling the roots of certsin bog plsnts and smuek
plants, z.mmmmg 2 possible condition of hyperauxony.
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mizture of indolescetic aecid, thiourea, and fine talc.
In a2 second mixtures he substituted naphthylecetamlde for
the indolemcetic acids The concentration was 500 ppm.
The dust was applied by sheking the seed and dust together
in & test tube, Some seed showed marked response, others
showed negative results, and some showed no reaponse.

Flory (17) reports that a Russisn soientist obtained
an increase in the yield of oats following the soaking
of the seed in suxin solution before planting.

Grace (21) gives results of sn interesting experiment
wherein the damsge resulting from the treatment for smuts
by formaldehyde, copper sulphate, and mercuric shloride
on common seeds was greatly reduced or entirely prevented
by adding .01 to 10 ppm. of the phytchormones to the
treating solutions He adds that Vitamin By also was
effective, From another set of experiments CGrace (20)
reportst "Treating seeds with hormones incorporated in
absorbent dust stimilated both root snd top growth merk-
edly, with less danger of overdosage than in the solution
treatment,"” He further comments on the reports of other
investigators telling of the inhibitive effecta from
seed treatment; he thinks this is due to overdosage.

He used one-hall cunce of dust to & bushel of seed of &
two ppmes indolebubtyric scld dust. The result was that
in 14 days wheat roots from treated seed Showed & B5 to
102 per cent inecrease over roots from untreated seed.



Tang (6¢) reports that seeds of mustard, tomstoes,
and rice were treated in water solutions for 24 hours
of 1, 10, and 100 ppme of indcle-3-ucetic acid, The
plants from treated sesd came into flower three to
seven days cerlier then plants from untrested seed.
Croxall and Ogilvie {10) tresbed pes sesds with
morourical snd ouprous oxide oonteining from & to 20 ppa.
of several hormoness Yield from trested sesd produced
& yield up to B8C per sent groater than untrested seed.
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SUNNARY OF PROCEIVRER USED BY FROPAGATORS
Conifer Onttings

In general cuttings from young trees root much nors
sonslatently than euttings from older Lress.
Cuttings from the aploml ande of lateral brsnches
root much bebtter than Serminal euttings.

Cuttings from the lower part of the tree are eupsre
Lor to outtings from the upper portion of the tree.
Propagators in general prefer oubiings of from three
o elght inahes in length,

Cuttings should alweys be growth of the curpent
senson and be of vigoroua healthy growth.

The best time %o telke oconifer cubtings is from
Deovrber to Hareh.

Praotioally ell fonvestigstors stedp the foliage
from the basal end of the outtinges According So
Jaccbg (38) this practiocs does more harm than pood.

Deoliduous euttings

In generel the age of the tree assems Lo have little

effest on the rooting ocapaslty of the cuttings prow-

vided the outtings are from vigorous, Yhrifty wood.

ihe best vutbings are fros seotions of shoots of the
aurrent year from any perd of the tree.

The inclusion of heels {uniom of new to old wood)
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is generally found undesiveble.
Some desiduous cubtings require & oallusing Lveats
mant belore succesaful rooting cen take plaee.
eallusing may be sarried ocut by plesing the ocuttings
in wet moss snd peoking them into flats, The flatp
are then placed on top of the hot water hesbing
pipes in the greenhiouse for & week or ten days befors
treating snd planting. The temperature should de
wwound 70 degrees ¥,
Cuttings of 4 o B mmm are usnally the woat cone
venient.

Hpdde for planting euttings |
Clean, sharp send snd peat moss is the moat popular
rooting mediums. A mdzx of one pert of pest Lo two

or three parts sand is 40 conmmon Use.

Bottom heat of § €0 10 degrees higher than the air
tenporatare ig @tmmmy sonsidered deairable.

has bean found Go be Wmm;
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ght waterings are recomssnded
occasional beavy cnes.

atmogpheric humldity abould be high to prevent the
rootless cubtings Ivom drying ocut,

At no time in the taking, tresting, and plantings
of cuttings shwuld the cubtinge be allowed to dry

cube

Treatments

e most common bormomes are indolsbutyric acid,

ivdoleacetio nold, and naphthalenasscetlic aeld.

indolebutyrio sold is the best rooteinducing sube

stange fop per cent of the plents,.

™he thres oomeon methods of hormone spplisation to

outilngs aret

&, Liguid ing :
solution of the hormome verying in eon
tion from 25 to 400 ppus The basal ends of
suttings are stood in these solutions for s
period of timeg 24 hours 1e the most commo
length of treeatment.

be PFowder treatment consisting of soncentrations
of bhormones in powdered Lale ranging from 500
to 80,000 ppms The Lasal ends of the oubtings
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are dipped inbo wabter or sthyl sloohal and
then dipped inte the powder, The most effecs
tive conewntrations have not yet besn worked
out esonsiusively.

6« The eoncentrated dip mothad consists of Juat
dipping the bassl enda of the subtings inbo a
conoantrated solubtion of 1000 6o 2 ppme

o e in water, Fffective concentra-

*i’?’

tions for different plents have not et tedn
wvoried bt conolvalively.

$ couee the hormones to bDecome Llnust-
wy do not beooms reactivated with a sube
sequent increase in terporature, The dscresse in
aotivity due to tesperature is & gradusl one,

m Mmm ‘y;‘u

sommon methods of sppiicction are in uses {a)
sosking the roots in a water solution and (b) edding
raones to & tale carvier and applying the nowder,
The liguid soaking method uses concentretions of
10 %o 80 vpms Inhibitive effects have vresulted
from ueing 80 ppm, for 24 hours.
The powder traatment promises to be the eeslest and
nost suecesaful. The soncentrations range up o
200 ppme  One rethod of spplicetlon L2 the insertion
of the plents into & bepg conteining hormone powder
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Indolebutyrico sold seeme to be the wost promising

# ¥ it W8] *
The Vitardn B fastors have a maried ¢ffest in root
stimilation when spplisd fn watering in soncentrn.
tione of a

The dust trectmsnt ssems Lo offer the salest and

nost convenlent methed of hormone

seeda,

Little informetion 1s yet avellable on trestment

of forest tree sseds with horemones.

he liguid sceking treontmont hes shown L

necative resulta.

Concentrations for the duat treatment range from

#01 to BOO ppme This upper limlt may be well sbowe
ping reanse. Very smll consentrations

goon to give the best resnlis.

Concentrations for thw 1iguid trestwment very from

»01 o 100 ppeme The upper 1linmlt is probebly toxie

for most plants. Informebtion is s61)1 too inade-

quate to drew definite contlusions.

Sore sdventege avpesrs in cosbining hormone treate

mont with dissase sontro) tvestments sinoe the hore

- apnlieation to




B35
mones prevent im;ﬁm to the seed froom the Punglelde,
‘ me Lo give the most positive

Te

The stendard method of stating oonsentrations of
hormonss ond Vitaming in this work 1s in pom, (parts
per million), The commereial products all nse their own
system of naming conventrations, In the experimen
work to follow, the upitar ls using the hormens
mamafacture and marikbet a line of indolabutyrie asid prepa-
rationg under the nawe of Hormodin mod i
the liquid preparation, end the concentrations on theip
chart ave steted ss fﬁ% Te To unitey thiz Bs T I, stands
for the Boycs Thompeon Inatitute shish helped develop
theas preparetions.l/

The Hormodin Powders #1, 2, snd 3 are three sobosne
trations of indolsbutyric acid in powdered tale.d/ e
Hormodin #1 is mwesnt for use on softwood, sesily rooted
naterisl, Hormodin 72 is for use op plants moderately
aiffioult to root, Hormodin #35 1s meant for uss in roote
ing the wost 4ifficult class of plants (wostly conifers).
%/ and 8/ mmm%m giving these mm&a& songentra~

lone in ppm. is mumamﬁ fw Wmmm xm m
Idbrarian M‘ m
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The product is yebt too new to deoide vhether it will be
suscesaful for many of the forest Stres cutiings.

The Xerek Chemiosl Company products are based on
mich resosrsh and testing, ineluding work dome by the
Boyos Thompeou Ipstitute of Plant Resessroh, Yonkeps,

Bew York,

The Vitesin & Factors product to be used in experi-
ments to follow is & product of the Ualen Hanmlacturing
Sompany of Berkeley, Celifornis. Rather surprising
results he pouryed lo many casse fyom e use of
Vitemin B factors on plants, The conoenterstions to be
used, as expressed in the sxperimental design following,

sommended by this Gompeny ./

Strong concentretions of hormone may fnhibit bud
development, In scome casee thie has been so marked as
opment impractlosblej thia diffiouity is roported by
Thimen end Delisle (668) for Pices puncens and Popnlus
E2pe st a concentration of prots

1/ e ective ingredients und their concentratiens are
wey be cbtained for resesrch purposes from the Librerisn
of the Sehool of Forestry, Oregon Stabe College.




EXPERIMENTAL DESION AND PROCEDURE

The following outline is the working plan being

. followed in & program of experimental work in the use of
plant hormoues on subttings, seeds, and seedlings in
propazating forest trees artificlaliy. The ohlef objeo-
tive 1s to put the plant hormonss to practieal use in
sclving some of the difficulties in forest tres propaga-

tion.

The following experiments are being vsonducte
achieve the objleotives of this program:

Types of outtingst

Cuttings were msde in Yovemder, Jamuary, and Mareh,
from growth of the previous sesson, A1l cuttings from
soniforcus trees wers taken from the ends of lateral
branches of young tress, No terminal leeders of trees
were used sincs some investigators (24, 76) bave found
terminal leaders very poar mmberisl for subttings.
wood cuttings wers sections cut from shoots of the
previcus sesscn. Cuttings were four to eight inches in
length. No hoels were taken at the base of the suttings
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{a heel 1s o small seotion of wood at the bsse of the
sutiing older than growth of the previcus sesson). An
ordinary 45 dezree angle out was made at the base, Folie
ags was removed from the lower two inches of the bassl
end of the cuttingse OCuttings were kept as fresh an
possible by packing in wet moss and planting in nursery
fiats as scon e poseible after taking. Hamdwood (desidw
uous) cuttings were taken only in Jonuary sinos the buds
were bursting in March. These hardwood cuttinge ware
soctions of shoots from growth of the proevions sessom
four to eight inches longe The ends of thw vhips were
oot used for ocubblings.: Outtings were telken from young
troes not over 10 years old,.

Souree of cubttings:

came from young trees on the Peavy Arbore
8 miles north of Corvallis. Western white pine (Pimus

the road between Valaets and Falls City, Oreson, for the
Rovember planting) for the Jannery and March planting,
western white pine suttings were taken from seedling
stoek from the Wind River Bursery at Carson, %ashingben,
on the Columbie Natioual Forest. Hesults between the
cuttinge of the wild stook and cuttings from the muvssry
stosk should not be compsred since the comditioms under
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which they are grown differ greatly. Port Opford White-
(Chamsegyparis lawsoniana) outtings were taken from
he seedling xwaka in the ﬁmgm Forest Furssry north
of Corvallis, 38

?rarmnw ﬁwmr’a property Just outalde the osity limite
of Corvallis, on the Uak Cresk road. Reod alder (Alnus
rubre) wes taken from wild stoek along Nary's hiver near
Corvellise. Yestern hemloek (Zguzs heterovhyils]

ware fyom two weeplng hemlock trees on Alses Moun
Profesaor T, J. Stavker hes the maps, description, and
data on these trees and their looation, |

Aooting medium

The rooting medlum sonsisted of two parts of siftes
Santiam River send by volume to one part Canadlan peat
moss by volume. The post moss wes the fing bortienlturel
grades The ssend was fresh from the river and sifted.
The mecdium wes packed gelidly into the flats.

Ureenhouse space and flats:

House space wus secured through the gcoperation of
Professor R, E, Stephanaon, chalrmen of the greenhou
sommittes, and Profesnor K, 8. Yesse, Vioce Director of
the Azrisultursl Pxperiment Station, The temperature
ran from 60 to 78 degrees F, axcept for the periods of
warm westher in Harch and April when temperstures rose
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to 80 degress, Heat was supplied by bot weter plpes
The greenhouss flats were of nev lumberj thay were
15 inches wide, 24 inches long, and three and one<half
inoches deeps The botbtom bosrds weore spaged silghily
apart to sllow proper drsinage. Fash flat eontelns 00
cuttinga,

Trestoents?

1, Powdey treantment:

Powder Sreatmonts were of three strengths or
scnecentrations of indolebutyric acid in powd
tale. ‘The concentyations were 10D ppme, 3000 ppme,
and 8000 ppms (parts per million of indolebutyris
soid dn %ale). The active ingredient was indelsbue
tyrie acid, The ipert ingredient was the very finely
powfered tale. |

The treatmsots wers applied Ly first dipping
the basel endg of the cubtinge into a 50% solution
of ethyl sleochol sand weler; this 1s important since
the 1iquid is the solvent for the acid in the treate
ment, and the acld must be in solution to he absorbed
by the outtinga. The besal ends of the subtilings were
then dipped intc the hormodin powdera after ahaiing
the cuttinga to remdve the exocess mwolsture; the
excess powder wes removed by tapping the snda of
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the suttings agsinst the condaliner, The cutiings
wers then planted upright in the flalts by inserting
the outtings twe o three inches inte the medliun
deponding on the length of the cubttlngs. The mediunm
the cubtlogs.

wag pressed Clraly avound
Liquid btreatwent:

Iiquid trestaents were mede with molutions of
Hormodin A, a ¥erok Chemical Uompany product, which
sonecentrated solution »f Indolebutyrie sold in
sthyl slaohol.

The 1iquid trestments used were of threo oche
eentrations for Douglas-Tir, 40, 80, and 180 powmag
for Weatern white pine four somcentrations were uesd
of 40, 80, 160, and 200 ppm.) western henlook at
B0, 40, 80, and 180 ppm.y Port Ovford "hite-cadsy
nt 20, 40, B0, and 160 prme.; shipmest locust at 80
&nd 160 ppm.; end red elder at 20, 40, 80 end 160

iz s

The sommorelal Yorsodin & consentroted liquid
one 1s put out with & rbart and gradueto for

mizing the hornone
or of plents, The concentraticns are ziven as
"HeTels unita,®

The Streatment was spplisd by placing the basal
onds of ths gubttings in one to one and onp-hslf
inches of the glven sonocentrations for 24 hours,

' at reoommended scncentrotions Lfor
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P
The treatmentas wers cerried cut with lukewarm tap-
water in & temperature of Y0 to 75 degrees ¥,
Immediately efter the treatment the outtings were
inserted in & rooting medium in the seme manney

sz the powder trestments.

The mixing of the liquid treatment was done
with an 2y glese messuring oup end the gless
graduate furnished with the Hormedin 4 ecnesntrate.
The basal ends of the cuttings were soeked in gless
tusblers contelning the horsone preparation,

A speoial treatmont of shipmest locust 1s
necesssry befors treatment cen be given mucoess~
fully. Bleck loouat will not rood without s spe-
olsl c¢allusing tremtmsnt, This was dome by pasiking
the ocuttings in wel moss end placing them in flats
on top of the greenhouse hesting pipes for 10 days,
After thls special treatment the usuel hormone
treatments wore applied. The rved sider was trested
in the same manner, Duplicste nsets of lecust snd
red alder wers made; half of esch set of suttings
was glven the spesial callusing treatoents the
other halfl was ziven only the hormons treatments,
Vita Flor treabtment:

(me«ball of the November cubtbtings wers glven
troatment of Vite Flor st the rate of two drops to
& gellon of water. The flats reseiving this treat-
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ment were glven ona quart 4o & flab at weekly inter-
vals beginning two weelts after setting the oubtings
out and contimuing %o the middle of Haroh.

Yite Flor is the trade name of a concentrated
solution of Vitamin B fectore menufactured by the
Jalen Company Incorporeted of Serkeley, Californinm.
It 18 dlstributed by the Portland Beed C

All the trented outtings of Pors Oeford Whitewoedar
plantad in Hovember were well rooted Yy Mareh: One«balf

- of thess cuttings were planted directly in the field on

Hareh 11. The other half of these rooted cutiings were
planted in the nursery of the Hall Fleval Company at
Albeny, Oregons Outtings whish are well rooted by MHay 15
will be planted fn the experimental bed of the Oregon
Fepeat Mursery at thet time, Onbtings not rooted by this

time will be kept in the flats unbil Ootobey when they

will be planted in the Oregon Foreat Wursery, In all
cases She plants will bes sdequately marked as %o time of
rlanting and treatwent given.

The cutiinga transplanted to thes rmurseries are %o
be left in the transplant beds for one o two years,
depending on their growth. After this period they will
be planted in the 1213 on a fevorable site togethey
n from seed, UComplete marking

with proper oonirols gro




of age, season of making the outting, trestwent given,
and any other pertivent data will be ineluded on perma~
nent resords tisd in to proporly plsced markers in the
fleld planbing.

Exsmination and messurement of remilts in the trens-
plants and fleld plantings will recognize the fellowing

pointar
B
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Survival of stook fyom cutbtings as oompared to
survival of ssedlings under the seme cond
Lifest of different treatments end different
soncentrations of treatments in survival,
Effeot of different treatments und conoentys-
tions of treatments ob leader growth and gene
eral vigor as compared to sesdling stook,
Time required %o grow reoted ocuttings o s
aize sulteble for field planting as comparec
to time required to grow comparsble seedliing
stock.
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Seedling stock was cbteined from the Oregon Forest
Bursery 8 miles north of Corvelliss Since this nursery
does not grow wwﬁml white pive & ﬂs;ww for 100 vos~
tern white pine sesdlings wes £1lled by the Wind River
Hursery of the Us 5. Fovest JServicse at Carson, ¥Washington.
Sugar pine is eapecislly ﬁwﬂmm to field plent or
transpleant bescsuse of tender rootes A reguest was sent
80 the Durbin Nursery of the U, 5, Forest Service ab
Susanville, California, for sugsr pine planting stock,
ng suger pins atoek at the

pragsont time,
For trenaplenting 110 astock wap used, For fleld
planting 2:0 stosk was used,

Bursery speoel

Transplanting was dons on the spsce reserved for
school experiments on the Oregon Forest Bursery.

Pield spuset

Field planting was cerried ocut on & seleoted area

. This eves le locatsd in 3% 1/4

BE :t/ﬁ, Seobion 2, T 11 5, B 5 ¥ just below the ridge
road at the point of departure of the spur road to mnw‘a




oabin,. This eres waa prapared by removing the most dense
vegetation, largely bigleaf maple. This ares 1s & good
timber growing alte of gentle slope and adequate protec-
tion from unfavorable elemsnts,

Tiwe of planting seedlinge:

Planting of seedlings both in the trensplant beds

and in the Tield was done during the period of ¥arch 11
to 16

1.

Treatment of seedlingss

Powder treatment:

In the powder treatment of ssedlings the powds
wes put inko & paper bagy the roots of & buned
seedlings were then ingerted into the bag and the
bag shaken vigorcusly encugh ¢ e good dletrie
bution of the powder over the roobss Hefore the
roots were powdered, they were dipped into watery
thig dipping in water is nedessary to allow the
eotive ingredient to go imbo solution sc that it esn
be abacrbed by the plant., The seedlings sfter trests
ment were planted in the trensplant beds and in the
field,

The powder used in seedling trestments was
lodelebutyric acid in tale in concentrations of 280,
500, snd 1000 perts per million, The concentretion
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5O
of 1000 ppm. was obtained from the Merok Chemiosl
Companys The 2850 ppme was prepered by mixing two
cunces of the 1000 ppm, powder with 8 ounces of powe
dered tsle, The 500 ppme was prepared dy mizing
three ounces of the 1000 ppm. with thrree cunoes of
powdered talo. This mixing was done by putting
these Ingredients into s ball mill loanea the
writer by Dr,. Christensen of the Organte Chemi
Departmwent, Oregon State Colleges The powders were
mixed for one hour and 30 mimates,.

Liguid hormone treatments

In the 1iguid treatments the rooks of the
seedlings were plased in solutlions of Hormodin 4
for 24 houra, The covpentrations used were 5, 10,
and 20 ppme The depth of the solutions was suffie
cient to eover the yoots, The solutions were mein-
talned ab room temperature or about 70 degrees F.
during treatment, After trestment the sesdilings
wore planted at once.
Vita Flor treatment:

The see roots were soaked for 14 hours at
room tewparature in s solution of Vita Flov, ueing

& consentration of two drops to one querd,
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IXi. BXPERIMENTS WITH BREDS

Seed Jourvest

Dougleas=Tiyr and Port Orford cedsy seed wvare b~

tained from the Oregon Forest Bursery, Vestern white
pine seed was obtained Ifrom the Sevenss Vureery. Suger
pine seed was obtalned from the Forest Service Nursery
at Susanville, Californiam.

Furseyy spaoei

Spaoce reserved for the School of Foreatry et the

Oregon Foreat Bursery was used.

1.

2.

Treotmentat

Powder troatmentst

The same materials and concentrations of powder
wore used on the seeds ss were used on the seedliings.
The method of application was by wetting the seed
with water and then stirring the powder inte the
seed, using a guantity sufficlent to give the ssed
a light uniform coat of powder, The seesds wers then
planted In rows, 100 seeds to a 40 inch row, and
covered with 1/4 inoh of sand} burlap wes plxosd
over the top of these mesdings,
Liquid treatments:

Hormodin 4 in the same ooncentretions as used



i
on the seedlings was used, The method of applioca«
tion was to scal the seeds 14 hours in the solutions
followed Dy planting in the usual manner,
3« Vita Flor treatment:
| Seed was soaked 14 hours in o oncentrations of
two drops per guart snd two dpove per sallon, After
sosking the seeds were planted in the usuel manber.

Time of seedingt

Besd was sown on Hereh 15 Mﬁg; poriod of avy
woesther, The sesdings were watered iwmmedlately after
planting,

The seed sawmrples were planted in rows putting 100
seeds in & 40 inch row, The rowa were pleced 6 inches
epart and the blocks of different treatusnts were 8
inohes aparts Each bdlook conbteined s single tresatnent

" spplied to the four rows, each row containing a Aiffer-
ent apeoles, ,

The western vhits pine and suger pine sesds wors
stratifled in sand from Desenber to the time of plant«
ing. The Port Orford ¥hitew-eedayr and Douglss«fir seeds
were not stratified.

The seed bod was enclosed with onewguarter inch wesh
hardware cloth to & heighi
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damege. The top of this enclosure was vovered with hslf
lath shade, end three-quarter insh poultry netting was
placed on top of the shade to keep out birds,

The burlep was removed from the shite nine snd suger
pine on Harsh 20, at which tims these seedlings were
emerging .

Specles af seeds
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RESULTS A¥D CONCLUSIONS

The objlective of this research wes o estudblish a
program of reseereh in the use of the sypthetlie plant
hormones in the propagation of fovest treea, Sinoce this
research will cover & lomg period of time the resulbs
svelilable before the end of the current growing sesason
can not be complete, The results are tharoefors nectsw
sarily rather preliminary; they indiocate the direction of
the work to follow for this

Since the work with gutbiings wes carried out in the
gresnhouse, this part of the program has been sdvanced
farther than the work vith seeds snd seedlincs,

Results with Cuttinga

bDouglaserie {Pgsudotauss taxifolisl-~Sce Teble I,

‘The results with Douglas-fir are not yet sdvenced
to the point where dellnite conelusions can be mad
safely. 7The November ounttings eppear very thrifty, and

the outtings glive every indicetion of rootiny within &
1inited period of time, probably within two monthes The
basal ends of the cuttings elther have a very definite
callus right up to the end of the base oy fm basal

and haog dled back for s distance up to one inch with
callus Tormed above that pointy this dees not sppesr

to be due to the differenses in treatment. Four sontreol
eutbings have disd while the talance ghow light caliuew
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ing. No leader growth was evident on thess cutbings by
April 12, ‘The Jenmary cuttings have been more active than
the Hovember cubttings. A single speoimen of the nowder
treated 8000 ppm, outtings has produced thrse roots up

| to two inches long, HMost of the rest of the outtings
are well callused and spparently sre about 6 root,
leader growth 1s in pregress on ebout helf of the suttings
{April 12). There 1s no correlation between lesdsr growth
and concentration of treatment. The Harsh ocubtiings are
callusing satisfactorily, and lesder growth is more ace
tive than in either the November or Janusry oubtings.

Western wi:lte pine (Pinus sonklocle)--See Teble II,.

Table II shows that most of the Eovember suttings
died; none have rooted, but e nuwber have oallused and
will protably root in the sourse of time, The EW
outtings wers taken from wild stosk in the vieinity of
Valsetsz, Oregon. This wea poor stook but wes the only
material available at the time, The Jamary cubiings
wore rocting to some extent (April 12} though the roots
have not developed te the point shere definite conolue
sions can be drawn, No significant differense is eppar«
ent between different trestments, Since those eubtings
were obtalned from seadliing 810 mursery sztock, they can
haydly be considered as good materisl for outtinga.
Follovwing experiments will attempt t0 use better maters
18l for oubttings,.




Port Orford Uhite-scedar (Chemsesyperis lawscnians)ee
fee Teble 111,

Freliminary exeminabions indficsted that the euttings
planted in November which veceived the stronge
sendling out roots 45 deys after planting, 411 concenty
tione had produced roots in 60 days while the higher
coneentrations had pr such a mass of roota that
the cuttings could not be sxamined
rootas 8ix of the 10 controls had a few roots while the
other controls had heslthy oalluses, Thess Novenmb
tings were planted in the field on Harch 11, The out»
tings planbed in Jarmery showed satiafactory rooting
aftor 48 deys for sll oconcentrations. Table III indie
cates thet results ave Incremsingly faversble as the
sonsentretions inorease so that the powder trestment at
8000 ppms and Hormodin A st 160 ppme give the best
results within the rangs of concentrations used, BRoots
were Just beginning to grow by April 12 on cuttings
planted 1in Mereh sand given a& powder treatment of BOOO
ppme  All other treatments and the controls wers callusw
ing,

It may safely be soncluded that under greenhouse
‘comditions Port Orford Uhite-csdsr will root 90 to 100
per cent with a posder trestment of 8000 ppm. or a
Hormodin A4 treatment of 180 ppm, Ho effect was notioe~
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able on loader growth. The outtings are considered sablse
factorily rooted if they have thres or move roots each
one and one-half inches long or lenger, Plate I shows
& typioal rooted eutting following & powder trostment ab
BOOC ppue Hormedin A trestment of 160 ppue zives the
optimum results for the liquid trectment, This is oomw
parable to the 8000 ppam, powier treatment, late IIX
shows the beet rooted outiing of the contyrols, and &
osllused though unrooted sontrols ['lete II shows &
typlcsl outting rooted with 1000 ppme powdsr trestment,
wvhile Flate IV shows & typlosl sutting rooted with 3000

Shipmast looust (Rubinie nseudcececis eregtissium)es
See Table 1V,

The vesults with shipmest locust sesn confusing
aftor Stoutemyer's report (63) that outtings not given a
speoial sallusing treatment seldom rooted. Teble IV
indicabes thet this la not slways the case, Fifty pes
cent rooting wes obtsined from 1000 ppm. and 8000 ppr
powdler treatment only. One ocutting of powder trestment
8000 ppme rooted; Flate V end YII shiow tuttings rooted
by these trestments. The cubttings reseiving the sallusing
treatwent vefore the hormone trestasnts show somewhat
more conslstent rooting then uncallused suttings bub in
ne cass dld they atteln s 30 per cent rooting sawith the
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two treatments of uncallused suttings. 7The roots devele
cped on looust outtings were inclined tc be long and thing
aodules were produced on sll) looust roots, Plate VI
ghows s oubting rooting sfter callusing and treatmwnt
with Hormodin A st 160 ppme Rem:lts 4o not show sige
nificance between treatwents snd more work needs to bLe
done before definite sonclusions can De evaluated.

Red Alder {(Almus rubre}-eSoe Teble V,

Results with red clder were the lesst sncouraging «
81l the spscles propageted, By April 128 varying degrees
of mortality had coourred in all trectments exoept the
controlss. However, the only two specimens initiating
roota were among the trisboed suttings though eaullus was
generally lacking in all the subtings. The controls weve
&ll slive though ne sign of rooting or callusing was svie
dents The net results sre therefors wimost wholly negae
odas of technique and trestsent should De
investigated if further work is %o be carried on with
this speociesn,

tive and now weth

Weatern weeplng hemlock (Isugs heterartylle YL, )ws
See Tedble VI,

A single speelimen of this specles rooted by Aprll 12
while most of the November and the Jammary euttings hed
healthy caliuses indice:iing that roobting would osour in
the future. Thess results indicate thet this rave varie




oty of western hemlook will be susosssfull
for the first time.

Regulte with Seedlings

Transplants.

The trensplants were planted on Mareh 14 angd 18,
%o resulta cen be derived until after the current growing
ssasons These trensplasnte have only Just commenced
growth for the ssason (April 18.). The nscessery
monts have besn made to care for thess experiments during
the summer and the enmaing yours Several students have
worked with the writer in estsblishing thase experimentag
they w41l carry the vork on during the coming yomr,

Fleld=planted eesedlings.

mone treated field planting stook was planted on
Harch 12+ Definite results will reot be available unbil
after the ourrent growing seapson. Fubure work will be
venduated by the seme students vho ave familiar with the
suttings end seedings.

Besults with Seeds

The hormone treated seed experiments were sstablished
ok 15+ The white pine and suger plne seed whioh
was stratified over the winter ocmmenced germination by
April 5, Seed of Port Orford "hiteeceder and Douglas«fir
was not yot spronting by April 18, As yet there ls no

m ey
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sppavent difference betwsen ssmples of the two species
of pine due to diffarent trestwents within esch spesiea.
Fature work will be oonducted by the students who helped
on this progran during the pest yeor. Definlie vesulis
should be avalleble after the current growing sesson,

Disczaslon

For the nost pert the propsgation of fovest tress
from cuttings by the present known methods does not hold
great promise as & means of regroduaing forest trees ab
the present time, Desults though significent for ihe
best rooling specles are not promising for csheap larce
soale production,

Vork with Douglas«-fir ssems to indionte thet slthough
this spesien can root vory sucosssfully in the syeene

house 1t iss o slow ss to relse & question in the wrie
ter's mind se to the fessibility of so propuageting Douge
las~Tir, New developments acapted to outdoor epplication
are neocssery 1f this species is %o be o propagated,

e work withwstern white pine has been herpered
m by & lack of oulting meterials.
The remults prove that western white pine is capabls of

in the prossnt progrs

being propazated from cuttings. Jesults up to the pres~
ent time do not allow definite conclusions ns to the
future of such propepetion, Move work is needed,




Port Urford Yhibte-cedsr gives uniformly good rooting
unier gresnhouse conditlons for all consentrationss The
planting of ocutilngs of this specles under cutdoor sondle
tions to tent the posaibilities of so propegating this
gpesies seema the next logicsl step. The fact thead
Juoobs (58} reports the suocessful large scale rooting
of outtings in Austrelis wey be an indleator of possidie
1ities for thig resion,

Agsording to Btoutemper (83) the roobing of black
loocust euttings i» progrossing setiefectorily for the
production of forest planting sbook. The wrlter's oxpere
iones indleates that move work should be conducted with
this specles singe hils results d4d not conform with the
report mede by Stoutemyer that uncallused cubtings rarely
atrike root,

The red alder ssems to promise the least positive
results amsong the spesies vorked withs I appears that
if red elder Ls to Lo propeguted from ocuttings,; new and

mope effoctive methods of treetment are NOCessary.

™he expested rooting of western weepling henmloak is
enoouraging sinoe this rere and as yel unmamed variety
of weatern hemlock possibly may not be propazated in suy
other manners The twe tress on Alses Nounteln from which
the writer cbtalmed outtlinges arve the only two trees known
of this variety. Professor T, J. Sterkey of the Sohool
of levestry mevped the lecstion of these tress sfter his
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attention was cslled o thelr exlstense by loggers operats

ing on 2lses Yountaine The writer planted some sesd soe
tured fyom cones on one of the trees in Novewbersy alihough
the seed was planted in & Fiower pob In the groenhouse
it did pot germinete, Professor Sterker alsc sent cube
tinge of thie tres o the Hoyos Thompeon Inastitube of
Plent Resssarch et Yonkers, Wew York, where attempled
rooting of cuttings resulted in falluve, Nobert Cewmbell,
& studont of the Sohool of Porestry, grafted twigs of
woepiug hemlock oo regular homlocks remilts from this
procedure are as yobt uncertain. Indfoations from e
prosent work show that this variety will be sucesssfully
propazated from cutiings before the current growing sea~
aon %s over,

The use of the Vitesin B factors had no significent
sffect on the rooting of outtings. The applisation of
two drops per gellon applied weskly in wutering mede no
sypreciable ohi

ange in rooting or root growth on eauttinge.

Other inve tlgetors have shown both positive and nege
ative resulis from treating seedlings with plant horoonsd.
The present esmperiment should show the prasticabilisy of
B0 treating mlﬁn@x in thia Jocellity within the next
few yoarse I results are positive, the practice of
treating seedllings can be saeily elanted in reforestation,
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The small smount of information availsble on the
treating of forest tree seeds with hormones does not

held ocut much promise for these treatments. The negative
results may be due to exccss dossge. Promising results
have been cbtalned by somw investigetors working on seeds
of plants other than forest trees.
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PLATE TIX

Port Opford White-ssdsr







Popt trford Whitecedar
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Bleck looust
TreatmentewFowder 8000 ppm.g
no esllusing treabtment






PLATE VI

Blaok looust
Mrestment-=ilornodin A 160 ppm. for 24 hours
callused before receiving hormone treatment.







PLATE VILIX

Black looust
Treatm‘en.wi"m@ﬂr 1000 ppese)
no oalliusing treatment
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GEHEHAL CUBSIDERATIONS

The writer recognizes two faoctors whioh may have an
important bearing on the possibilities for positive rew
sults in this fleld of hormone trestments in forest tree
propazation.

The first factor is the guality end smount of bumus
in the soil, Host of the reports of positive results
obtained from the use of hovmones and vitemins come from
the more southern states where the nawmus content of the
soll 1s maoh less than the humms ocontent of the more
temperate sonsgs Oresnhouse faclilities using sterils
sand alse appromch a vondition low or lecking in orgenie
content, The theory has been proposed and soms proof
piven that the Immus complex is s natural sourse of plant
hormones and vitamineg henoe, in the solls of low hums
sontent the spplicstion of hormonse sand vitemine
to favarable results,

The seoond feotor 1s that of .Wzapumw* Exporie
montel work shows that the lower the bemperature the less
ectivity resulbs from the hormoness FLDefore a freesing

mones are lnsctivabed

snd they do not regain thelr powers on & subseqguent rise

in tempersture, This Aifficulty is not enoounters:

in the scuthorn regions, Oresvhouses are aleo mainteined
&t optimum vemperatures. OSince the weather approsched

fressing temperatures after the present experiments werse



were sstablished, the possibility exists that the hore
mones may have been cooled below thelr sritical tempers-
tures If planting of seed or seedlings were delayed
untll eontinned warn weather was ssgsured, 1t would be
too late for best survival in planting,

The present wxperiments should help provide the
answer to these gueations in the use of plant hormones
in propazating forest troees.
and Delisle {71) that high
ones applied to suttings will
inkhibit the growth of buds did mot seem bo be borne out
in the present experiments even though Yepmodin A was
applied in concentrobtions up to 200 ppms for 24 hour
treatzonts. Powder treatmeonts were spplied in concenw
trations up to 8000 ppm, Yo correlation wes obtained in
the experiments betwesn top growih or precosiousness in
bud dsvelopment and s trength of treeatment, Douglasefir
cuttinga taken in Novendaer were without exception as
such as o month later in inttleting bud development than

the report of Thiman

ware cutiings taken in Jenusry end Yerch, Treatments wers

of the sesw renge of ¢ cnsentrstions for suttings taken
at the dAifferent periods.

Reoent literature on the use of plent hormones in

the propagation of forest treee wams reviewed end discussed.

8ix species of forest true cuttinge wore Sreated



with plent hormones in an effort Lo induse rootingg
theae speoies ineclude Douglasefir, Fory Orford Yhite.
sedar, western white pine, shipmast locust, westemn
woeping hemlook, and red mlder.

Four spesies of forest tree seedlings wers trosbed
with plant hormones and planted in the field; thewm
seedlings inolude Douglase-fir, Port Orford Thite-cedar,
western white pine, and pondeross pibe, Thoee specles
of forest tree seedlings, Dougzlas-fir, Ford Orford
¥hitewoedar, and potdercsa pine, wers treasted with hore
mones and Vitesin B factovs and transplanted in the Ore-
gon Foreast Hureery.

Four snecles of tree seeds, inclvding Douglas-fir,
Port Orford White-cedsr, sugss

pondsrosa pine,
wore treated with plent hormones and Vitemin B facbors
and plented iv the Oregon Foreast Hurseyy.

The trestments end procedures used were thoss giving
best results in previous vork with plant hormones, The
2 medinm for the cuttinge eomsisted of one part
Canadian peet moss to two parts Santiem River sand, The
work with the euttings was cerrisd out under gresnhouse
sonditions.

rootis

The results with the suttings indioabte that alwmost
any species of forest tres may be propegsted by cuttings

Lty.
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Port Orford Vhiteesedar geve the most rapid and
sonsistent results while red alder gave the least poaiw
tive results, Shipmest loocust 4id pot give the results
sxpectad from the roports glven by other workers with
shipmant locust. Hesults from the expsriments with seeds
and seedllings will not be evailable until after the
oursent (1041) growing ssescn,
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