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THE INFLUENCE OF SECONDARY CHEMICAL TREATMENT UPON
THE ROOTING RESPONSE OF FILBERT AND DOUCINE APPLE HARDWOOD
CUTTINGS.

INTRODUCTIONS

The oecurrence af growth stimmlating substances in
nature has been an extensive field of geientific investi-
gation since the latter part of the 19th centwrys In
studying the phototropic response of plant coleoptiles to
unilateral illuminstion, Darwin eoncluded that the cause
for the bending response was the transfer of somé growthe
accelerating influence from the terminal portion toward
the base. Identification and guantitative determination
of growth materials have been mads since by measuring the
degree of plant curvature induced through c¢hemiecal stimu-
latlion.

The culture of exsised root tips in liquid nmutrient
mediums has given definite imowledge of plant growth require
ments. Nukrient mdium have been prepared whish will support.
growth otf excised plant tissues almost indefinitelys sappar«
ently, the equivalent of all essential substances naturally
required for growth in the normel plant are savailable in the
solution, It is only within the past 10 years that growth~
promoting substences have been found of value in commsreial
propagation of horticultural plants., Such materials as
indoleacetic acid, naphthalene acetic acid, snd indolebutyrie
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acid, vitemin By, amino secids, inorganic and organic salts,
and other materials have been tested on widely varying
plant apecies,

Organic acids are commeroially prepared in dust,
liquid, and paste form for use by plant propagators.
Through extensive experimental work the most effiecient
materialas have been seledted and the optimum concentrations
determined for various speeies of plants.

Sinoe many plants stelke root readily from outtings,
while others root with difficulty if at all, it is concluded
that there must be inherent differences between the various
specles in relation to the supply of growth promoting sube
stances naturally present in the tissuess According to
Went, Bonner, and Warner (33, 3), Pearse {24), Doak (1l1),
and White (38), one explanation for the inability of many
plants to rot from ocutiings is an inherant.déficioncy withe
in the plant itself of certaln growth substances essential
for root developmente Experimsntal tests have shown that
these deficient materials may be -upp.ued by treating the.
cuttings with dust, solution, or lanolin préparations of
growth substances at the time cuttings me placed in the
propagation beds Further work by the same workers has
shown that the lack of thismin (vitamin By) and amino acids
in the tissues of certain plants has proven to be the limiting
factor in root development. Quttings of some species produce



roé£ primordia (root initisls) in the propsgation bed,

but unlesa thisamin is subsequently supplied, roots will
not devel@p_‘ The application of vitamin By as & seebédﬁﬁy
treatment 2 to 4 or 5 weeks following an lndolebutyric
acid ireatmpﬁt has resulted in marked ineresse in rooting
on meny speciess To be sffective, this subsequent or
satondayy treatment mst be applied at the appropriate
time when the root initiels are formeds Vitamin By ia of
no velue 1f‘applied a8 un initlsl treatment when the cuta
tings are first prepared.

Filbert and doucine spple stocks heve never been
successfully propegated from cuttings: As far as the writey
is aware. very little exporimon;al wurk.has been done in
the chemical f;roatment of har&wood cuttings of these two
specles. Preaont-mathoda of obtalning doucine stock by
soesdlings end f£ilbert plants by layserags ares slow &nd come
paratively inefficient methods of propsgation. Any method
whereby their propaéation could be hastensd would be of
practical velus and intersst. v

The basis far the prénont study 1s the work of
Kitchnock and Zimmprmnn {21), Tincker (31}, Brass {8),
Pearse (2&, 24), Poasch I85), Went, Bonner, and Warner (55),
Doak {11), and otherzs who have proven the affectiveness of
primsry and secondary hormone and vitamin treatments in
the rooting of cuttings. .whe objlective of the present work
is to determine if the rooting of filbert and doucine apple
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hardwood cuttings can be induced through primary Sreatment
with indolebutyric ascid plus the secondery application of
various mutrient and growth stimlating solutions after

¢allusing has ogourred as subseguent treatumentae.



RISTORICAL REVIEW OF PREVIQUS INVESTIGATIONS

Early Studies of Orowth Promoting Substances in Planta

The occurrence of growth substances in plants was first
noted by bctanndte through studies on phototroplsms, Unis
lateral stimulation of certain plant organs by light causged
positive phototropic response. Darwin (10} in experimeatw
ing with the coleoptils of Phalurls canariensis found that
unilateral illumination esused strong positive phototropic
curvature. If the terminal portion of the coleoptile
was protected from the light stimmlus very little curvature
resulted, while if the lower portion were covered and the

tip exposed to illumination, therse was a positive curvaturs.
If the tip was removed, the coleoptile did not react photoe
tropicelly., Darwin coneluded that lateral light caused
some influence to be transmitted from the upper portion to
the lowsr part of the coleoptils, resulting in the bending
rESpONse,

Pitting (14) in studying the Avena coleoptile, found
that lateral incisions below the tip in no way hindered the
phototropio raabﬁn;a as compered to unwoundsd colsoptiles.
The curvafure reésponse is due to more rapid ceilulay growth
and activity on the shaded sides of the colsoptile than on
the iliuminated slde.



Boysen«Jensen (6) conducted more extensive studies ©
gimilar to those of Pitting. Transverse incisions were
made in colesoptiles and their phototrople response determined. -
He conocluded that the growth promoting influence is cone
ducted downward upon the shaded side and is not obstructed
by lateral incisions i1f the wounded surfaces are in cloae
contact. He further found that §ven though the coleoptile
tip were severed and separated from the base by a drop of
gelatin, the downward movement of the growth substance was
not obatructed. However, a thin plece of mica inserted in
& lateral incision did prevent the tranafer of the growth
substances

Paal (28) found thet if the coleoptile tip were
severed and replaced on only one side of the stump, the
greatest growth ccecurred on the side under the i:ip and the
coleoptile showed dlstinot ourvatures Stark (28) found that
curvature of the colecptile resulted fron mi_iateral applim
cation of agar blocks containing sap from coleoptile tips.
Wont (32) mhowed that growth subatance from various plant
parts would diffuse into agar blocks and that these impreg-
nated blocks when applied to the coleoptile stump caused
curvature, This method was thon used as s gemlequantitative
test in identificaticn of growth substancess Growthepromoting
materials wers present in such mimaite quantitieg that chemiow
el analysis was not satisfactory.

Further studies haéa shown growth piomoting materials
to be widely distributed in plant and animal orgenisms,



Rhigopus and Aspergillus form growth substences in culturej
many bacteria produce growth stimuleting materialsj humen
urine is the richest source of auxentriolic scid {Auxin a)
and 3-indoleacetic acid (Heterosuxin); human saliva also
contains these substancesj both Auxin a and Auxin b
{suxenclonic acid) have been obtained from maige oll and
melt; yeast is also a common source of heteroauxin.

Growth stimulating substances have beeon found in
foliege of bll,am:a, shoots, flower stalks, growing regions
of grass stems, root tips, pollen, fruits, and seeds (7).
Rapidly growing meristemstic portions of plants contain
higher concentrations of growth subetances than older differw

sntiated tiassue.

Plant Hormones in Relation to Adventitious Growths
and Root Formstions

From both plant and enimal materials s wide variety
of growth substances have been isclated and produced in
c¢hamically pure atates The uss of hormones and other growth
promoting substances in treating horticultural plents began
with the work of H&tahceok and Zizmernan in 1936 (18).

They used the rollowing mt&riala: alpha naphthalene soetis
acid, indolebutyric acid, indoleacestic acid, indolepropionie¢
acid, 3-indolyl valeric ameid, and phenylacstic aclds
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Both lanolin paste preparations and water solutions were
used, Th,’bso materiala when applied to the rapidly growing
régﬂ_.on of aerial rooté of a tropical grape (Vitis sp.)
c‘auad new branch roots to appesr in 3 to 6 days. Hitchcock
(17) spplied lanolin paste impregnated with indoles3en-
propionic acid to the atems of growing tomatoes and other
plants. He also applied the material by hypodermic fnw
Jections of aqueocus solutions and by dipping basal portions
of cutémgz- in aqueous solutions. These treatments in-
‘duced bending, awelling, epinasty, and advgntitious serial
parts. Concentration of the shemicsl merkedly affected the
degree of epinastic responses Zimmerman and Wilsoxon (38)
used the above methods in applying 16 differént growth
substances to ‘tamatoga and other plants end seneluded that
alpha~naphthalene acetis acid and indolebutyriec acids are
the mont effective root forming suvstances. The e-i‘feetiv?éa
nese of treatment ie determined by spesd of rooting, number
of roots produced, and sice of roots. They also found (19}
that the methyl, ethyl, and bubyl esters of growth substances
were offeotive in produeing epinasty of plants and in aome
cases superior to the oorrespording ecids,

Cooper {9) applied betasindolylacetic acid in lanolin
peste to the alide nsar the top of leaflegs Eureka lemon
cuttings snd obtained signifi oant rooting. Untreated leaf-
less cuttings 4id not root. Tinocker (31) used betr<indolye-
lacetic acid and a-naphthalens acetic acid ss agueous socluw

tion treatments on Escallonia Donard Seediing, Buddleis



alternifolia, Viburnam Carlesii and other plants. lNore
roots were formed and root development was more rapid on
the treated cuttings as compared to controls.

Studies were then conducted (20) to determine the
comparative_effaetiveness of the acids, esters, and salts
of growth substances. Vhen applied unilaterally to stems
of plants in lanolin prepsrations, these materials proe
duced the typical epinastic responses The esters and salts
were effective growth stimmlators and in some cases superior
to the standard acid forms.

Brase (8) used aqueous solutions of indolebutyrie
acld in the treatment of softwood cuttings of Prunusg
gerasus, Prunus tomentoss, Pyrus lialus, Pyrus commnis x B
gerotina (Kieffer)s Treatment time varied from 30 minutes
to 48 hours end hormone concentration varied from 10 to
66 millegrams per liter. His results though not definiteiy
positive furnished a lead in the propagation of deciduous
frults by cuttings. Brase did obtain 55 percent rooting in
one series of Prunus tomemtosa c¢uttings using a lanolin
preparation of indolebutyric ecid. Pearas and Garner (23)
| conducted limited experiments, using alpha-naphthalens
acetic acid {30 to 40 mgs per liter) in treating deciducus
fruit tree cuttings., They report 100 percent rooting of
plum and pear cuttings when treated for 12 houras. None of
the controls rooted. The same treatment also speeded up the
rooting of black current and fig cuttings.
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Poench (R5) used the three most effective growth

promoting materials, indoleacetic acid, indolebutyric

acid, and naphthelene acetic acide in tests on 110 woody
ornamentel plant speciess Of this number 57 showed signifie
cant rooting response from treatment.: -The basal part of

the cuﬁt&nga was dipped three-fourths inch into aqueocus
golutions of the materials for intervals of & to 24 hours.
Concontrations varisd from 5 to 100 mge purllxter.
Indolebutyrie acid constantly proved supérior. . Poesch
states that 10 to 50 mgs per liter for 6 to £4 hours is the
optimum treatment for the more succulent plants, .

Snow (27) obtained 65 percent roocting of aspen cute
tings taken in Merch by treating them for 29 hours with
indolebutyric acid (10 mg« per liter). He obtained better
results by removing two slices of bark from opposite sides
of the basal portions - This technique of slicing the basal
region increased the exposure of cambium erea and the
potential rooting surface, -

Stuart (30), working with American holly, Ilex opaca,
which is ordinerily diffieult to propagate from cuttings,
rooted 100 percent in 30 days by treating with 0,01 percant
indolebutyric acid solution for 18 hours, The concentrations
uysed varied from 0,001 to 0.02 percent and the trsatment
time from 6 %o 18 hours. He found that 0.02 percent for 18
hours injured ths cuttings. Stuart and Marth then begen
studies on the effect of wounding the base of holly cuttings
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before treatment: Two thin slices of bark were removed

from each side of the basal portion, exposing the woods
They also tried splitting the bases of cuttings upward
abéut on9~faurthA1nchg“ Cuttings which were wounded by
either method produced more vigorous root systems than
non~-wounded cﬁttingsa The use of indolebutyric acid as &
deferred treatment was also found beneficlial, A serles of
American holly cuttings were placed in the rooting bed
untreateds After 76 deys those which had not rooted were
removed and treated with 0.0 percent indolebutyrie acid
for 18 hours. Of those cuttinge which had been sliced,
thié deferred treatment resulied in 92 percent rooting
21 daeys later. Only 50 percent of the unwounded cuttings
rooted following thls treatment. Roots wers produced at
the base on uﬁmoundad cuttings while on wounded stems
nearly all roote were formed at the margins of the slices

Biale and Halmas (1) treated Rureka lemon snd othey
citrus cuttings with indole~3-acetic acid and noticed an
increase in the number of roots as a result of the treate
ment« They found that the time of year when cuttings are
taken and the physiological condition of the trees are
very important factors in the rooting response.

Pearse (aézqtreated thousands of softwood cuttings of
pesr, quince, apple, plum, snd cherry with both alphe~
naphthalene ascetic acid and indelebutyric acid at soncene
trations of 5 to 80 millegrams per liter for 24-hour
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treatment periods, In some of the teats, he obtained 60
percent rooting of pear cuttings, 90 percent rooting of
quince, and 100 percent rooting of spple, plum, and cherry.
The optimum concentration of acld varlied from 15 to 40
mge por liter. The condition of the wood when ¢uttings
are taken 1s of mmjor importance. Pearse took cuttings
in May, June, end Julys Some specles rooted best when in
active growthi others just after growth had stopped. The
phyaiologlcel condition and source of origin of the cuttings
is of utmost importance. He bolieves that softwood cute
tinge of the majority of even the most dLfficult varietles
w:.,il' root up to 60 percent or over if taken at ‘t_he right
season and given sultable treatment w&tﬂ indolebutyric
acid or alpha naphthalens acetic scid.

Figher (13) conducted similer .a_.tudio-a uas_.né auch
plents as Grimes éoldén apple, Mt:.ﬂ.ora roso, ﬁax'.tam
"pmm\. Mazzard cherry, seedling peach, grape, quince,
P:}ench creb, snd otherass Hc found that suttings from some
of t hese glmﬁa rgspon;tod well to treatment with various
organic acids, Fisher was able to obtain rooting on
cuttings from Juvenile wood when ﬁhe mature wood failed
to ront. He alao noted that cuttings which normally root
without treatment, root iquick;ar 1f organic aclids are used.
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Idquid and Dust Preparstions of Growth Substences Compaved.

Hiteheock and Zimmerman (21) oconducted extensive
éxperiments on 64 apecies of plants, using both the acids
and salts of indoleactic, indolebutyric, and naphthalene
acetic acidss Application was made in both liquid and
powder forms. The use of a concentrated dip solution
(1 to 20 mge per cce) in which cuttings were momentarily
dipped in the 1iquid, proved more effeotive for such
apeoiua as apple (Grimes Golden), hemlock, rhodendron, and
many evergreenss Outtings from many species cansidezfed
hard to root such as rhodendron, Engiisl; carnation, certain
evergresns, and lilacs rooted well with proper indolebutyrie
acid treatment. Thiprteen varieties of French 1ilacs,
treated with 40 to 60 mge per liter of indolebutyric acid,
resulted in 5'0. to 100 percent in 25 to 28 days when treated
with lenolin preparations of indolebutyric acid {12 mg.
per gram)s However, the cuttings rooted only when teken
in May., Talc earrier was used in powder preparations and
the concentration varied from 1 to 40 mg. of hormone per
gram of talc, Cuttings were dipped in water and then
stirred in the powder to obtain a uniform coating on the
bage of the cutting,

indolbutyrie acid in this series of tests again
proved superior to all other growth substances used. Root»
ing depends upon species, age, and vigor of shoot, time of
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year when teken, kind and concentration of substances,

mothod of application, rooting medium, and propagation
teinpemtmu

Grace {15) compared the effect of indolebutyric
acld upon Lonicers tartarics, Spirees Vanhouttei, and Cormus
albg, when applied as a liguid aend as dusts He found that
the treatment had a significant effect upon the number angd
length of rootse The dust treatment gave 62 percent roote-
ing and the solution 42 percents also, there was greater
leaf development following dust treatment.

Stoutemysr (28) in treating hardwood locust, Robinla
pseudo-acacia, with various hormone solutions found that
concentrations strong enough to produce rooting injured
the cuttingse. If sllowed to callus prior to treatment,
no injury occurreds Treatment with indoleacetic acid
(100 mgs per liter for 24 to 27 hours) resulted in 91.5
percent rooted cuttings. Stoutemyex*ufmnd that rapid
callusing of cuttings resulted in more root formation
than when ocuttings were slowly cal luséd. Grifrith (16}
treasted Sitka spruce and Douglas f£ir cuttings with the
various hormone materials. He took cuttings at various
intervals from fall to late spring and found that material
taken from December to March gave the best results.

Sitka spruce rooted beat when treated with 25 mge. per liter
of indolebutyric acld for 24 hours and Doﬂglaa fir reaponded
beat from 50 mge por liter of indolebutyric acld for 24 hoars. .
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Secondary Cusmical Treatment of Cuttings.

Sincs 1937, & second major phase in the chemicsl
stimlation éf rooting begang né.maiy,, secondary tmatment
of cuttings subsequent to the primary treatment. Went,
Bonner, end Warner (33) found thet thimmin (vitamin By )
is & hormone of plant growth, 'ﬁomny, tﬁe minute amount
of thiamin required is supplied by oﬁher paprts of the
plant. Ulithout thiamin no root growth is possible and
under soms conditions it may be the limiting fastor of
growths Extensive labaraéory ,experﬂ.z:‘mnta have been con-
ducted by various workers in which exclsed root tips,,
plant stems, eto., are artificially cultured in synthetio
mediums of imown composition to determine the essential
nutrient materiels and growth stimlating substances. |
“he same workers also treated pea stems for 20 hours
with auxin and then placed thenm in ﬁ 2 perceént sugar 80e
Iution. At different times following the priﬁary treats
ment, varying concentrations of tfhiamln wore edded to the
solutions The gr-éaen'ca of thiamin mkeé’ly inereased the
number and size of visible yroots formed, except in the
highesat concentrations A histological examination of *:_ho
pes stems 5 days after the auxin treatment showed many
root primordia developed. The number which daveloéeé into |
roots depended upon the amount of available thzaﬂ.n .preaent.
By treatment prior to auxin treatmesnt was without effect
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upon root formatione Leafy leuon cuttings given decondary
thismin treatment 7 days following the primsry treatment
with indolescetic acid rooted within 13 days and twice as
many cuttings rooted gn the thisminetreated as on the
controls. MNore and longer roots de-éaiopady From & series
of 206' Camellia cuttings treated with indoleacetic acid
{200 mges per liter), 30 folled to roote Twelve of these
cuttings wore then treated with vitamin By for 24 hours
and all rooted wvigorously & deys igtem The conclusion
is that vitémn Bi, 4f applied et the aprropriate time
after roots have been initiated by auxin, greatly incress.
88 root developments Pearse {’24} in his hormone treate
uent of softwood cubttings from deciduous frult trees, used
vitamin By {1 mgs per liter) secondary treatment 10 to 12
days after treetment wilth indolebutyric aeids. The thismin
414 not increase rooting on any of the varieties tested,
but the cuttings receiving the secondary treatment grew
more vigorously after removel from propagation beds than
~ those given only the primery indolebubyric acld treatment,
Bonner (3) in culturing isolsted root tips of tomato, pes,
and corn in vitro found vitamin Bp to be an important
consitituent for root growth, A concsntration of 0.002
gamas peY ¢c. of By ¢rystsls had a marked stimulating
effects As early as 1923, Robbins (26) found beneficisl
effects from subolysed yeast in the culturs medium of copn
root tips. Subsequent work has shown the By oconstituent
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of yeast to be partly responsible for the beneficial
effeet obtainsd.

Bonner (4) noted that thiismin wes produced in the
leaves of normal plants and in the seéd of seedlings.
Root tips artificislly cultured wntil the inherent
vitamin By wae exhausted would not continue growth till
additional By was supplied. Bommer (5) believes that
the differende in ability of plants to root at verious
times of year is determined by the sessonsl ampounts of By
and euxin inherently present in the tilasue,

Doak {11) in his root tip tests substantiantes the
gonclusions of Went regarding the 1mpertgnce of By as a
growth factor. Doak used s mixture of nimsawming acids as
A secondary treatment for cuttings of Rhodendron Maddeni
var, Jenkinstii following primary treatment with naphthee
leneacetic acid. The rooting response te this treatment
indicated thet one or more of the emino ecids used had an
effact on rootings Alsc, Went predicted that the rooting
of some cuttings may be limited by a laeck of amino acids.

Preperation of Synthetic Nutrient Solutions.

Ps Ry White has conducted extensive laboratory tests in
the development of yeast extract and synthetic ocultwre
mediumss In 1934 he (34) developed a nutrient solution
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which produced rapid and sustained growth of excised
tomato root tips for over a year through B2 passages.
The medium contained 2 percent by weight of sucrose, 0.0}
percent by weight of dried brewer's yeast, and the fol-
lowing nutrient salts: oalcium nitrate, magnesium sulfate,
potassium nitrate, potassium chloride, potassium ecid
phosphate; and ferrio sulfate.

In 1937 White (35) again used tomato root tips in
preparing a nutrient medium containing five mutrient
salts, eleven accessory salts, iron, sucrose, and yeast
extract,. One-hundred mg. of yeast per liter of autrient
golution wae found %o be ¢close to the optimmm for exclsesd
tomato raotse. This yeast extract medium was found by
other workers as well as thite to be ths best nutrient
solution yet developed and is used as & standard of come
parison for other growth promoting mediums. In the analysis
of yeast extract to determine the growth stimulating fngredi-
onts, White found that it readily aaparatbd into two
froctions, one scluble in 88 percent alcohol and insoluble
in sbsolute aleochol, and the other soluble only in 100
percent sleohol. Free amine aocids wers found quite
abundant in the absolute-glcohol fraction and vitamin By
proved: to be the most’ important constituent of the 85 percent
alcohol soludle fraction. By testing a lax'g,e’ number of
amino acids, © were selected which if supplied in proper
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smount would nearly replace the 85 percent-alcoholegoluble
yoaat fractions

Further tests (36) were made using excised tomato
root tips in various modifications of the standard nutrient
golutions To the standard solution containing accessory
salts, standard s=alts, sugsar, and iron were made the
following sdditions: amino acids only, vitemin By only,
and emino acids plus By« Yeast extract was added for the
control. Growth response from the vitamin By addition
alone was inferior to the medium conteining yeast extract.
Where both By end the amino acids were added, root growth
was superior end was maintained st a level only someshat
inferior to that with yeast oxtract, Vitamin By was hers
proven of basic importsnce, However,; 1ts growth promoting
effect was only detectable in the presence of the sccessory
salts which were also found essentiale.

In 1038 White (37) developed & synthetioc nutrient
solution which he conasidered optimal for roet growth,
This medium contains § standerd and accegsory selts, 9
amino aecids, vitamin By, end sucroses It proved to be
almost 1f not quits the equal of the standard yesst extyract
medium which epparently contained all necessary nutrient
substances naturally supplied by the plank.

Bonner and Addicott {(2) in pee root tip teets using
the basic mutrient medium with and without By and amino
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acids found thet roots growing in basic medium ¢ontalining
By only developed normellys The medium containing By
plus the amine acid mixture produced striking results
superior to that obtalned from nutrient solutions é.am
teining elther the By or smino acids alons.

Thus within the last § years the use of chemicals
as growth stimlators in plant propagation has developeds
Hormones, vitamins, sminoeacids, and mutrient galts avs
now ussd in commereial propagation practice and tha entire

gublject 18 one of much interest to many workers,
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MATERI ALS AND METHODS
Solutionas

Indolebutyric acid was used as the standsrd primary
treatment for all tests and applied in three concentrae
tions, 20, 40, and 80 milligrams per liter. The following
solutions were used for secondary tresctments: vitamin Bi’
White's aynthetic mutrient mediam (57}, ¥hite's yeast |
extract solution (35), vitamin B complex (Iilly), end
indolebutyric scid. Treatment was éffected by submerging
the basal portion {1 to 2 inches) of the cuttings in
aqueous solutions of the ebove materlials for a standsrd
trestment time of 24 hours. Secondary treatments wers
given 3 to 4 weelks following primery treatment efter the
cuttings hed becoms well callused and the root primordie
were presumably formeds |

All solutiona were prepared in ths Horticulture
Department laboratory and the stock materials storsd in
the cold storage room at 32 degrees Fahrenheit. Indole~
‘butyrie acid wrystels were dissolved in suffiecient 95
percent ethyl alcohol %o give a stook solution of 2 millew
grams per cubic centimeter. Yeast extract was prepared

by bolling 10 grams of laglc Yesst in 500 ces of water
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2

for 50 minutes. The solution was then centirifuged and

the clear liguid decanted. This stock solution was
equivalent to 20 mg. of yeast per cc. ,Vitmn By ao,lgtion
wes prepared each time immed ately previous to use. The
_aepara)to solutions required for White's yeast e,‘x.thmct‘ and
8180 the synthetie nutrient medium were prepared once for
the entire project and stored at 32 degrees Fahrenheit.
Weights of materials were accurately determined using =
quantitative balanses

Preparation of Cuttings

 Wies hand shears wers used in making the outtings,
whioh varfed in length from 5 to 6 inches, depending upon
apaeing of the nodes. The baéal sut was made just below
the node on all suttings, unless otherwise stated. Filbert
outtings usually ineluded three nodes while the doucine
cuttings bore an indefinites nmumber. Unless otherwise .stated,
all cuttings were sliced by ranoving two halfeinch strips
of bark from opposite sides of the base of each cutting.
‘I'hi.s. in¢reased the ampunt of cambium mrface exposed and
resulted in better es&llusing. |
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Fumber of Cuttings Per Test

S8ixty cuttinga of each type of wood were used for
each secondary solution. Since the indolebutyrioc acid
primary treatment was used in three concentrations (20,
40, and B0 mgs: par liter), 20 cuttings were used for
sach goncentration and the entire group then given thse

sanme secondary treatment,

Types of Cuttings

The following types of filbert cuttings were useds
terminaig median, and basel portions of one«year<old
suckers 4 to 5 feet longj terminal and median portions of
On¢~yuur~old.aﬁd two~ysar-old 1imb woods cuttings in
which the basal wound severed the Junetion of one-year=old
and two=year-old wood. Both sliced end simple cuttings
vere useds Haterial was tsken in Januery while buds were
still dorment, and also in Februery and March when the
buds were swelling and the leaves emerging. Barcelona
variety was used in most of the work, although scme
Nottingham material was treated alsg.

The Doucine apple cuttings were prepared from
one~year+old suckers. OCuttings used were classified

aceording to diameter as follows: O to onew~eighth inch,
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one-elghth to three-.-'aixtoentha’ inch, and one-fourth to
five-sixteenths inch. Soms were grouped according to
position on the stems Types of cuttings included simple
(not sliced), sliced, and heal cuttings of lateral spurs.

Ais mpple wood was Gormant at the tims of treatment,

Greenhouse Equipment

Ample greenhouse space was devoted to the work. The
propagation bed measured 25 feet long, 44 feet wide, and
12 inches dsep. The rooting medium consisted entirely of
washed mason sand placed in the bed to a depth of B inches.
.Boﬁtom heat was supplied by an electrical heating elemsnt
thermostatically controlled, The temperature varistion
of the bed from 72 to 80 degrees F. was caused by fluctue
ation in outdoor temperatures and intensity of the sunlight.

' Soms of the Doucine apple cuttings were placed in
an auﬁdoor‘ colmm whioch conslsted of a wooden frame
3 feot by 6 feet with a fine gravel bottom. It was filled
to a depth of B inches with washed mason sand and covered
with a white-washed glass sash which was lifted during
warm days to permit ventilation. No artificial heat was
supplied and the temperature ranged from 50 to 75 degrees
Fo The bed was sprinkled occasionally with water to maine
tain adegquate moisture supply.



25

The rooting medium of sand was considered preferable
to sand sand peat mixture because it is more sterile, more
easily penstrable by air, and introduces practically no

variable factors.

Insest Injury on Cuttings in the Greenhouss

The early work of this project was severely damaged
by insect injury to the cuttings. Small dipterocus larvae,
of the family Sciaridse, heavily infested the propagation
bed 4 weoks after the experimental work was started.
Peeding of countless numbers of larvae upon the tender,
basal, callus tissue of the cuttinga resulted in a
disintegration and rotting of the basal region. Cuttinga
attacked were practicslly destroyed within 7 days after
the initial infeatetion. |

Es O» Egsilg (12) states of the family Sciaridee,
"The larvee live largely on decayed vegetable and orgsnieé
materials but many infest the roots and tubers of plants
and d¢ some damage, particularly in the warm hurmus soils
of greenhouses™. The adult 1s 2 mm. long.

This pest was found aifficult to control in the
greenhouse. £Since "nicofume®™ fumigation proved ineffective,
the sntire propagation bsd was emptisd and refilled with
clean sand. The cuttings were thoroughly fumigated with
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hydrocyanie acid gas and replaced in the beds A large
part of the work was repeated with subsequent material
prepared one month laters A second infestation, though
less severe than the former, appeared again after the bed
was cleaned. Apparently the larvas preferred doucine |
puttings to the fildbert wood, since the latter if segre-~
gated from the apple was only lightly infested.

This trouble necessitated final observations of the
injured cuttings one week following the secondary treate ‘
ment, Some conclusions were made then, but most of the
work was repeated and final conclusions based on subsequent
material. Cuttings placed in the cutdoor coldframe were
uninjured, although a few larvae were present.



EXPERIMENT IX.
VITAMIN By SECONDARY TREATMENT

Pilbert Cuttings

Hottingham variety. Over 500 Nottinghem cuttings teken
January 3 while completely dormant were given indolebutyrie
acld treatment, followed by a sscondary vitamin By treate
mont 3 weeks later. The followlng types of cuttings were
used: heal euttings of one-year«old wood, simple aend
sliced cuttings from ons~year-old wood, cuttings trcni .
the terminal portion of one-year<old wood, sliced ocuttings
n}o:ﬁ two-year«sld wood, and outtings in which the basal
wound severs ths junction of the one and two-year-old wood.
Sixty cuttings were used for each type of ;vocd. Each
group was divided into three series of 20 and the three
ptandard concentrations of indolebutyric acid {20, 40,
and 80 mgs per liter) applied. Vitamin By was used at the
rate of 5 mg. per liter and the cuttings were Lmmersed for
the standard 24~-hour period.

At the time of the secondary treatment after the
cuttings had been in the propagstion bed 3 weeks, callus
tissue was well developed. However, insect injury prevent-
od final o‘bumtiona; Cut-tinga prepared from one-year-old

wood were better callused..
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Barcslons wvarietys A series of 180 Barcelona cuttings

taken January 5 was treated with indolebutyric secid,
placed in the greenhouse propazation bed, and retrested
with vitamin By 4 weeks later, Cuttings were taken from
one~year«old suckers 4 to 5 feet highs These were prepare
od from the tepminal, median, and basal portions of the
suckers and were ségragated into groups of 60, ‘The three
standard concentrations of indolebutyric acid (20, 40,

snd 80 mgs per liter) were used, Dues to insect injury,
final obdervations wers made one week following the
secondary trestment, The callus tissue at this time on
practically all of the vuttings was deads Since callus
growth was alive and active when the cuttings were removed
from the sand for the second treatment, it is probable
that the removal and replacement of the cuttings in the
rooting medium is the main cause for the severe callus
Injury, Cuttings noﬁ removed from the rooting mediuwm showed
'.httl.e injury on the callus tissue. ¥No indication of root
developmént was found, "

A third group of 40 Barcelona cuttings was prepared
from suckers one~eighth to one«fourth inch in diameter,
These were taken February 24 after the buds had swollen
prior to leafing. Indolebutyric acid treatment (20 and 40
mge per liter) was applied .and vitamin By (5 mg. per liter)
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given after the ocuttings had been in the propagation bed

25 days. Twenty percent of the total were well callused .
when the By treatment was given. None of the cuttinge
rooted and by April 25, all were dead. Apparently better
callus formation develops on the cuttings prepered from
dormant wood than on the more actively growing material.
There are some indications that indolebutyrie acid
stimilates callus formation. Twenty cuttings of a group
of 40 were treated with 40 mg» indolebutyrie mcid and the
remaindey dipped in water for 24 hourss Twenty«five days
later, 95 percent of the hormone-treated group were well
callused and only 265 pevrcent of the untreated calluseds
To avoid any mechanical injury to the cuttings by
removal from the rooting medium for secondary tresatment,
3 geries of 20 cuttings sach were taken Maroch 1 and given
the standard indolebutyric acid treatments (20, 40, and
80 mg. per liter), and placed in the propagation beds
Onoe every thres or four dsys thereafter, the euttings
were sprinkled with 1.1iter of By solution (B mge per
liter)s This experiment was continued for 7 weeks during
which time atotal of 11 liters of By solution was used.
A1l ocuttings were dead by April 25 and no roots hsd
- devalopedy
- Hitcheoock and Zimmerman (21) found that such species
as apple, hemlock, rhodendron, and many svergreens rooted



better if dipped in a concentrated indolebutyrie acid |
solution ocontasining from 1 to 20 mg. of hormone per &acs
of alcohol., This test was made on 60 cuttings prepared
in groups of 20 from the terninsl, msdian, and basal
pertion of onewywar-old suckers. Indolebutyrie acid
was dlssclved in 95 percent ethyl alcohol to give &
eoncentration of 15 mg. per cce Cuttings were dipped one
inch in the solution for 10 seconds, then removed and
placed in the propagetion beds Upon examination 25 days
later, 7 of the 60 were callused and the remainder dead,
This hormone treatment seemed to prevent normal calluai#a.

An additional aérﬁ.ss of 400 Barcelona filbert cute-
tings wias prepared March 27 from one=year=old suckers.
The stems were actively growlng and had produced from
one-half to one inch of new terminal growth. Half of the
cuttings were teken from tips bearing the terminal grow-
ing part and the vemainder were prepsred from the stem
immediately below the tip, Indolebutyrie acid was used
gt 20 and 40 mg. per liter and the suttings placed in the
greenhouse propagation bed, '

Yo secondary treatments were glven as nearly all
cuttings were dead 4 weeks later. There was no callus
formation when examination was made, Evidently filbert
wood, when actively growing, is unsatisfactory for cutting
naterial.
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- Doucine Apple Cuttings

The doucine apple material for this project was
supplied by Simpson Nursery Company of Troutdale, Oregone.
One~year«old suckers 2 to 4 feet long were used. Suckers
were grouped according to lengths 2, 3, and 4 foot sizes.

For the first test, cuttings were divided into two
groups, those from the lower portion {three~sixteenths inch
in dfameter) and those from the upper portion or'éhp
suckers (two~sixteenths in dlameter). A group of 280 cute~
. tings was prepared and the indolebutyric acid treatment
given in the three regular coneentrations (20, 40, an§ 80
nge per liter). Vitemin By trestment at the rate of 1 ms;
per liter was given in agueous solution 2 ioeka later. At
this time; all cuttings were heavily callused, Howov&r,
due to insect injury, final observations were not made.

‘ Within certain limits, the larger the diameter of the
cutting, the greater the amount of callusinge.

A second series of 200 doueine cuttings was made from
dormant suckers taken February 80« Secondary treatment
 with vitamin By (5 mge per liter) vua'given 3 teéka lster
at which time injury by the Sciarid larvae resulted in
destruction of 60 percent of the cuttingss The cuttings
were then planted in outdoor soil under field conditions.
Final examination was made Aprii 25, at which times all were
dead.
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To avoid insect damags, & third series of 160 dousine
cuttings was taken February 20 and placed in the outdoop
coldfrsmes They were tied in bunches of 20, placed bottome
sidesup, and completely coverad with sand. Excellent
callusing developed five weecks later when the By solution
{5 mge. per liter) was appllied. Cuttings were returned to
the coldframe, planed upright, and inserted 4 inches into
“the asnd. Cuttings were watsred occasionally to maintain
sdequate meisture supply. Final examinstion was mede
April 26, at which time two serlies of 20 each had rooted
30 and 35 percent respectively. (Refer to table 4} also,
ﬂée Figs & and 8)s Control series not given indolebutyrie
acid treatmant callused only very lightly, mhile on trested
cuttings the calius extended up the side of the alioe,
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EXPERIMENT II

REPEATED INDOLEBUTYRIC ACID TREATNERT

To determine further if the failure of filbert and
doucine stock to root from cuttings is due to a deficiensy
of inherent plant hormone substances, repeated treatment
" with indolebutyric acid at weekly intervals was tried.
Concentrations veried from 10 to 80 mg. per liter using
various ages of wood and types of cuttings. OCuttings
woere treated for 24-hour pari_odp during which time they
were placed in a cool basement room with subdued light.

Filbert Cuttings

Bottingham vapiety. Forty heal cuttings from one«yeearw
old wood were treated three times with indolebutyrie acid
at 7-day intervals. Half of the gronp wore treated with
20 mge per liter and the romipdcr with a 40 mge solution.

Barogelona Qariotz_ o A gories of 180 outtings was pre-
pared January 13 from one-year-old suckers, The group
included 60 cuttings from each of the stem regions,
terminal, median, end basal. Three indolebutyric acid
concentrations (10, 20, and 40 mg. per liter) were used
on each type of cutting and repeated at weekly intervals

for five weels,
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The above experiment was repeated uasing 70 heal cute-
tings prepared from two-yéar-old wood. Five hormone
treatments were piven at weekly intervals, using the same
thres concentrations.

Observations on all filbert cuttings given repeated
indolebutyric scid treatment showed progressive caliui
injury with each succeeding treatment. Callus tissue-
after three treatments was severely injured and by the
time of the fifth treatment, all cuttings were dead, There
‘was no apparent difference in callus activity from the
various eoncentratioﬁa used, The injury is spparently’
mechanical from removing and replacing the cuttings in
the rcotingv mediumg also, thes hormone solution preobably

cauges some injury.

Douoine Apple Cuttings

A series of 300 domcine apple cuttings mn;suring
three-sixteenths to onesfourth inch in diameter was used
in experiments with repeated indolebutyric acid treatments.
Sixty cuttings were given two indolebutyric acid treatments,
120 cuttings wers given three indolebutyric acid treatments,
and 120 cuttings were treated four times, Indolebutyric

scid was used at concentrations of 10, 20, and 30 mg. per

Iiter.
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The reaction of doueine apple cuttings to ropdated ’

hormene treatments 1s similer to that of filbert. However,
callus formation on the apple stock is tougher and more
vigorous in growth and not as easily injured by removal
from the propagation bed as that of filbert, Three treat-
ments caused considerable injury and the application of
fouwr or more acid treatments is of no value, The injury
is again caused mainly by the removal and replacement of
cuttings in the sand rooting medium.
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EXPERIMENT IIX
SEGOHDARY TREATHENT WITH WHITE'S YEAST EXTRACT SOLUTION

The yeast extract solution developed by P« R, White

(34) is generally accepted b&

nutrient medium for plant tlssue cultures,

physiologists as the superior
Materials and

concentrations of this solution as given by White are as

followa:

Tables I.
Pe Re White's Yeast Extract Medium

Solution # 1

Calcium nitrate
Potassium chloride
Potassium nitrate
Potassium acid phosphate
Dissolve the above aalts
in 800 cc. Of wateyr

Magnesium sulfate

Amount per liter of
stock solution.

14,0 grams
8.1 grams
1422 grams

T4 grams

Dissolve separately in 200 cc.
of water and then pour slowly

into first solution

Solution # 8

Zinc chloride
Sodium silicate
Aluminum sulfate
Potassium iodide
Boric acld _
Sodium chloride
Manganese sulfate
Nickel echloride
Lithium chloride
Cobalt chloride
Copper sulfate
Dissolve the above sults
separately in 1000 cc. of

30.0 millegrams
270 millegrams
107.0 mllegrams
15,0 millegrams
32.0 millegrams
56.0 millegrm
4440 millegrams
4.0 millegranms
349 millegrams
4,0 millegrams
1.0 millegrams

water
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Table # £ =~ eont inued

Amount per lliter of
stock solution

Ferri¢ sulfate 2,50 millegrams
Prepare sepsrately sach time
‘solution 1s to be used.
Sucrose 20.0 millegrams
Prepare separately esch time
solution ia to be used,

Yeast {Brewer's) 1000 millegrams

To prepare one liter of P, R. White's Yeast extract
solufion, use 10 co., of solution # 1 plus 10 cc of solution
# 2, and add 2.5 mg. of ferric sulfate, 20 mg. of sucrose -
and sufficient yesst extract to give the equivalent of |
100.0 mge per liter and make up to volume.

This solution contains all important nmmtrient materials
whi¢h have been proven necessary dy the Qxciiodiroot tip
sultures. The use of this medium &8 & secondary treatmsnt
for hardwood suttings should theoretioally supply whate
ever growth stimlating substances ere deficient in the
tissues.

Filbert Cuttings

Nottingham yapiety. A group of 120 cuttings was treated
with indolebutyric acid (20, 40, and SO mg. per liter)
January 1 and placed in the greenhouse propagation bed
£111 Februsry 6 when they were removed and ths yeast
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extract sescondary treatment given. At this time the

ocallus tissue, which was apparently well formed prior to
Pebruary 6, had disintegrateds Insect injury was in part
reapémible‘ Cuttings of this group were ﬁeal cuttings
prepared from one-year-old and two-year-old wood.

Barcelona variety« A series of 180 cuttings was pree
pared from one~yoar-old suckers in three series; 60
ctittings from the terminel, 60 from the median, and 60
from the basal portion of the suckerss The three standard
concentrations of indolebutyrie acid were used. In
addition, it was used at 120 mge. per liter on one series
of cuttings without injury from the chemicals The cuttings
were placed in the propagation bed for one month and the
yeast oxtract treatment then given. Of the cuttings pree
pered from the msdian and besal part of suckers,; 50 percent
were well callused at the time of the setondary treatment,
These cuttings were all sliced and callus formation thereby
mare extensive than on nonwwounded materiel. The concentras-
tion of indolebutyric acid used (20 to 80 mgs per liter)
apparently has little effect upon the amount of callus
formation, but when no primsry hormone treatment s given,
less callus tissue develops. Callus tissue on cuttings
prepared frem the terminal portion of suckers was dead at
the time of secondary treatment.

Sixty heal cuttings, prepared from two~year-old wood,
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wers given the ysast extract secondary treatment one month
following the.indolébufyric acid ‘application.. or thia
number 31 '.161‘3 well callused at the time of secondary
treatment, dInsoc; injury ¢n these and the above group of
cuttings prevented final observations. | |

4 third group of 60 cuttings was taken Pebruary 24
after the buds had swollen. These were prepsred from the
middle part of one~year«old suckers and veried in diasmeter
from one-eighth to one~fourth inch, Teast extract solution
was applied 4 weeks after the primary treatment, at whiéh
time cuttings were well callused, None of the cuttings .
had rooted by April 235.

To avoid any mechanical injury to the outtings by
removal from the sand for secondary treatment, 60 euttings
were treated with indolsbutyric ecld and placed in green=
houae pro;}agation bed and the yeast extrsct solution
sprinkled on the sand. The concentration of materials as
given by White was modified for this experiment. Yeast
extract was used at the rate of 400 mge. per liter instead
of 100 mgs as previously used. All other mateérials were

used at the standard concentrations (See table I.)s One
| liter of extract was spplied each 3 or 4 days to maintain
optimum moisture content. No other water was used apart
from the initial water content of the sand and the only
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moisture surrounding the suttings was that of the yeast
extract solution: The treatment was continued for 8
weaks. Although cuttings remained alive throughout the
experiment s evidenced by the single green leaf allowed
to remain on each cutting , no roots were produce& and'
eallua tissue was largely disintegrated at the end of the
éxperiments

Doucine Apple Btock

& gepries of 480 cuttings prepared from one-ysar-cld
doucihs suckers teken January 12 was used in this test.
Diameter of the cuttings in different series varied from
ons«eighth to fiveesixteenths inch. Indolebutyric acid
primsyry treatment was applied at the rate of 10, 20, 40,
and 80 mge per liter and the cuttings dipped one to two
inchag in the solution for the usual Béd«hour period.

The yeast extract treatment wsas not applied, dues to
severs insect injury to callus tissue, From 50 to 100
patéonﬁ of the cuttings in this group were completsiy
destroyed. Apparently, the larvde are attractsd more to
dougine wood than filbert.

A gesond series of 12C doﬁcino cuttings was ;;‘ropmg
February 20 to duplicate the above group. The cuttings
were placed in the propagation bed after mdolebutyﬂc acia
primery treat, and removwed tiree weeks later for secondary
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treatment with yeast extraci. They were then placed in
freshegspaded sandy loam soil QatSidQ# ‘However, insect
injury wes again considerable, Final examination was
nmade 5 weeks later, at which time none of the cuttings
were alive,

To eliminate the insect injury, & third series of
£20 cuttings was placed in an outdoor coldfremes Irimary
treatment was glven February 20 and the ocuttings inverted
and coversd with sand in the frames Leaf buds were thus
kept dorment end callusing developed normally. Cuttings
were given secondary yeast extract treatment five weeks
later and were then placed upright in the coldframe
and inzertod to a depth of 4 inches in the sands Cuttings
9§”this aroup were classified sccording to diameter and
v;ried from one~eighth to five-sixteonths inch, Those
five~sixtesnths inch in dlameter developsd 2 to 3 times
as mich callus tissue ss those one~eighth inch in dlameter.

Final examination was made April 25. In one series
(table 4) 26 percent of the cuttings rooted. On many of
the cuttings which did not root, callus tissue had rotted,

while on others of the same series, it was still active.
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EXPERIMENT IV
SECONDARY TREATMENT WITH P. R. WHITE'S SYNTHETIC RUTRIENT
SOLUTIOR

The use of P« Re White's synthetic nutrient solutiom
{(57) in root tip cultures proved tc be almost if not quite
the egual of the standard yeast sxtract medium and appa?e‘nt-
1y contained sll the materials naturelly supplied by the
plant for root growth. It was therefore considered |
‘fessible to use this solution alsc as & sesondary treatment
for apple and filbert hardwood euttings, The materisls of
Whitet's synthetic nutrisnt solution are as follows:

Table # 8
Whnitets Synthetie Nutrient Solution
Chemical Miligrans per liter
Celoium nitrsate 70,0 Millegrams
Potassium nitrate 80,0 ¢
Potassium chloride 65.0 »
Potassium acid phosphate 12,88 b
Potassium lodide 0.75 ol
Hanganese sulfate 4.40 ol
Ferric sulfate . 2450 .
Zinc sulfate 1.50 .
Boris acid . ‘ , 1.60 .
dlephenylalanine 1,50 *
dl«valine 015 ot
Al-lysine . 1.50 "
dl-serine 0.05 .
dl=isoleucins , o.om85 "
d=glutamic acid , 5,00 .
1-histidine 150 ol
1sproline 0.0 *
1-lsucine : 0,016 "
Vitemin By 1,00 o

Sucrose ‘ 20,00 Grans



Filbert Cuttings

Nottingham variety. Eighty heal cuttings from twoeyears
0ld wood {one~eighth to threeesixteenths inch in dlameter)
wers divided into groups of 20 end treated with 10, 20, 40,
and 80 mg. per liter of indolebutyric acid. Theae were
placed in the greenhouse praopagation bed and secondery
treatment with the synthetic nutrient solution given 4 wooks
later, |

Barceions yerietys, A series of 200 cuttings prepared
from one~year-old suckers was used in the segond test.
Cuttings were segregated into three groups, those from
terninal part of the stem, those from the medien, and those
from the basal portions Sixty cuttings wers taken for
sach group and indolebutyric scid used at the three
concentrations of 20, 40, and 80 mg. per liter, Insect
infestation in the propegation bed necessitated final
sxamination on both the Barcelona and Sotti.ngha‘.m cuttings
one week following the secondary treatmsnt¢ However, at
this time the vallus tissue of nearly all cuttings, which
was healthy and vigorous one week previous, was desd and
had no apparent potentislity for root develeopment. <Control
cuttings which were not removed for the segondary treatment
bore normal active callus., Hence, retreatment of cuttings



by reéemoving them from the propagation bed is detrimenteal
to potential rooting ability.

A sscond group of 60 cuttings prepared from the
medien portion of one~year-old suckers was treated Februs
ary 24, 20 cuttings being used for each concentration of
indolebutyric aecids After 3 weeks in the propagstion begd, .
secondary treatment with synthetic nutrient solution was
given and the cuttings replaceds Insact injury was not
significants No roots bad developsd by Aprdl 25 (8 weeks
after primary treatment) when final observations were
mades Cuttings were still alive aes evidenceéd by the
single green leaf on each cuttinge.

Doueine Apple Cutdings

A group of S20 outtings warying from one-sighth
to five~sixteonths inch in dlameter was treated with
indolebutyric acid (three concentrations) and plated in the
greenhouse propagation bed January 12« A1l cuttings were
removed and retreated 19 days later with White's synthetie
natrient solution. At this time many cuttings hed developed
short roots not over thres-fourths inch longs The primary
indolebutyric soid treatment on this group was identical
with that of all other lests and yet appreclablse rooting
did not occur elsavhere. The table following indicates
the extent of rootinge



Teble # 8
Rooting of Doudine Cubttings in Propagation Bed
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Insset fnjury in the propegation bed prevented
furthey obssrwation on this group of suttingse

A povond series of 100 dousine euttings waa treated
- with indolebutyrlic seid and pleoed in the propagetion beds
Howsver, 1avvsl Injury oeouring 3 wesks Jater destroyed
ﬁ&in%“q

A thipd series of 200 suttincs waps given the primary
treatuent and calliused in the outdodr ooldframe as proviouws
1y desoribed. Cuttings wevs grouped sosording to dismeter



of the wood into three clasmes; one-eighth ine¢h, three-
sixteenth inch,; and one~fourthinch. Five wesks later

the synthetic nutrient solution was applied and the cuttings
returned to the oold frame. Final examination was made
April 25. Refer to table # 4 for rooting response. Alseo
see Pige 7. Apparently with proper treatment and
propagation conditions significant rooting response could
be obtained,
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EXPERIMENT V
SECONDARY TREATMENT WITH VITAMIN B COMPLEX

Vitamin B complex (Lilly) is s commercial preparation
sold in capsul form and contains the following materials:
| Cones per pulvule

Vitamin By 1,00 milligram
Riboflavin 0.323 milligram
Vitamin Bg HC1 200 ganma
Pantothenie acid 260 gamma
Nicotinic aold 2,00 milligrem

Plus other vitamin B factors from
liver~stomach concentrate.

Vitamin B complex was used as s secondary treatment
by diasolving one pulvule in each liter of water. Cute
tings to be treated were then submerged one to tio inches
in the aolution for the standard 24«hour period.

Pilbert Cuttings

A series of €20 cuttings prepared January 1l was
used in the first test with vitamin B complex, Iindole~
butyric acid was used in the three concentrations 20, 40,
and 80 mg. per liter and the B complex sclution prepared
by dissolving one pulvule in each liter of soclution. Cute
tings used in this test include the following typess heals
from one=year«old, two-year-old, and three-year-old woodj
simple cuttings beering the terminal bud, snd sliced oute-
tings from one~year-old woodj cuttings from the terminal,
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'mmdian, and basal portion of suckera., Vitamin B complex
was applied to this group of cuttings 3 weeks following
primary treatment. Insect injury necessitated final
observations one week following the secondary treatment.
Callus tissue on most of the cuttings at this time was
dead, Injury csused by removal of cutéinga from the
propagation bed for seecondary treatment is largely respmmsie
ble. ‘ | )

A second series of 80 slicad cuttings was prepared
from onea~yesar=-old suckers and treated with the standard
1ndolebutyric scid Februsry 24 and placed in the propaga-

' tion bed., Thirty~seven of the 60 cuttings wers well

) calluaed by March 18 when the secondary treatment waa
given, ¥Final observations were made April 25. At thias
time cuttings were still alive, but no roots were formed.

To eliminate the injury otherwise caused by removing
cuttiﬁga from the sand for secondary treatment, 60 cuttings
were placed in the propagation bed after indolebutyric
acld treatment and watered with vitemin B complexs One
1iter of solution waes sprinkled oh the cuttings once every
3 or 4 déys for a period of 8 weeks, MNo water was added
to the bed. Finel examination was mede April 25, but no
roots were produced on any of the material. Some of the
cuttings were still alive as evidenes by the single green

leaf allowed to remain per cutting (See figure 8).
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Doucine Apple Cuttings

A group of 380 doucine epple cuttings was used in
the first test with vitamin B complexz. Indolebutyrig acid
was used at 10, 20, 40, and 80 mge. per liter end the B
complex {one pulvule per liter) was applied three weeks
later, Cuttings were placed in the propagation bed, _
Both simple, sliced, and heal cuttings were prepared from
one~year-old suckers varying from one-eighth to five-
sixteenths inch in dlemeter. Due to severe insect injury,
final observations were made one week following the
secondary treatment. From the 380 outtings, 11 had rooted.
This cannot be consldered a true test of the treatments
due to inseet injury. _

A geriaa of 240 cuttings including controls was
treated with indolebutyric a¢id (20, 40, and 80 mge. pey
liter) and callused in an outdoor coldframe for 5 weeks
prior to gecondary treatment with vitamin B complexe
Cuttings wepe prepured from one-year-old suckers and
claselfied as small (onew~sighth inch in ﬁi.mtoﬁ ), medium
(threc~-sixteenths inch in diemster), and large (omefourth
inch in diemeter). Callus formation on cuttings three-
.Qixteonths inch in diameter is much leas thnn on cuttings
one-fourth inch in diemeter. | |



Finael examination of these suttings made 8 weeks
after the primary treatment gave results as indicated
in table 4. Ten percent of the cuttings in two series
were rooted, |

Doucine cuttings produce a typloslly weak and
unbalanosd rooct system. Two or three large fleahy'roots
usually sépear-inataad of & strong system of meny well

beloased and well spaced rootse
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Table # 4

Dou¢ine Apple Cuttinss Treated With Vaxvimm Pri many 1 S AT
e o end ;‘ondary §31utions |

TRmBer R T T Dl aketer  Humber | “Fotel e ——— Eﬁ?&aga*ZSng%h
Cuttinge Troatment Seeandary.m--' ef wood  Outbtings Rumber Hummer eutfi s Humber subiings qﬁlrootg
 Tesh  (mze Iﬁﬁdka oJIreatment . (Inches) R@ete& _Roobs, . . gtrong roobol L Magk vooted cAinchea) .

20 20 Vitamin By »

20 . 40 Vitenmin By,

20 80 Vitamin By,

20 80 Vitamin B&,

30 80 ‘ Vitewmin By,

20 - 80 Vitamin By,

20 - 80 Vitemin By,
. 20 ' 40 ‘Vitamin By,

20 20 . Yeast Extract

20 46 - Yeast Extract

20 , 80 Yoast Extract

20 20 Yeast Extract

‘20 - A0 - Yeast Txtract
- BD - 80 Yonst BExtract

20 gO - Yeast Eztract

20 50 Yesst Bxtract

9 80 Yoast Extract

20 ‘ 40 Yenat Exbract

20 ‘ 40 Hone

20 . B0 Synthetic Nutrient'

20 40 Synthetic Patpiont

20 R 3?H$h@ti@-ﬁﬁf@i@&t'

20 40. - Synthetic Nutrient

20 . 40 Synthetic Nutpient
.80 8Q © - Synthetiec Nutrieat
. 20 40 - Synthetie Nutrient

20 . 80 . Synthetic Hutrient

20 40 . Synthetic Nutrient -

20 40 - Synthetic Butrient

20 20 Vitamin B Complex

20 . 40 Vitamin B Complex v

B0 BO . Viganmin B Complex . e

20 ' 20 Vitamdn B Complex . 516

20 40 Vitemin B. Complox. "
. 20 © Nenme  Hone : .

20 . Waker  Vitamin B Complex

20 40 . ‘Home & v

20 Water llone

20. : 20 Viﬁamim B Complex

20 40 7 Vitemin b Jonplex
'20 40 Vitanin B Gomplex

» Milligrama &nﬂalebutyrie acid per 1itep.
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EXPERINENT VI 52

SECONDARY TREATMENT OF HANETTI ROSE CUTTINGS

A limited experiment was conducted using the wvarious
nutrient solutions as '-oeonddry treatments on Manetti rose
cuttings. Cuttings from wood three-sixteenths to five~
sixteenths inch in dismeter were prepared in the usual manner
and placed in the s;-éenhouae propagation bed. Indolebutyric
&oid was used at 20 mg. per liter and each of the secondary
nutrient solutions applied at the same concentrations as for
the apple and filbert cuttings, Fifteen cuttings were used
per test,

Results are tabulated in the following tables

Table # &
Rooting of Manetti Rose Cuttings

Bumber Funber Number HRumber roots per
outtings wealk strong cuf;tmg - averng.

Treatment .. per teat rpoocted rooted ,
10 mgs X+Bodt 16 8 7 8.13
plus 5 mgs Bywe

Water primery 15 4 10 5.53
no secondary . "

10 mg. I+Be 15 4 11 1l.80
no secondaxry

10 mge I+Be 15 9 8 - 84886
water secondary ,

10 mge I.Be 15 6 9 8.80
yeast extract sec, ' .

10 mGe IoBe v 15 ¥4 8 5075
synthetic nutrient .

10 mge I.B. B 3 10 4 6.13

vitamin B complex

% Milligrems indolebutyric acid per liter.
# Mlligrems vitamin Bl per liters
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From the foregoing table, it 1s evident that there
is no significant difference in rooting response from the
various secondary treatments. Cuttings treated with
indolebutyriec acid without secondary treatment rooted
better than any of the cuttings given additionsl secondary
treatment, Twice the number of roots per cutting were
produced on cuttings treated only with indolebutyric acid
as compared to those reced ving no chemical treatment.,
There 1s s significant increase in the number of roots pro-
duced by cuttings receiving only the indolebutyric acid
treatment as compared to those receiving any of the secondary
treatments in addition to the primary treatments.



PFigure 1.

Rose cuttings treated with 10 mg. indolebutyrie
#01d Maroh 5. Vitamin By (5 mg. per liter)
secondary treatment given March 18, Photograph
taken April 10.

Figure 2.

Rose cuttinge not given primary or secondary treate
ment (control series). Photograph teken after
cuttings had been in propagation bed 36 days.






Figure 3.

Rose suttings treated with 10 mg. indolebutyrie
acid, No sescondary treatment given. Photograph
taken 56 aaya after primary treatment,

Figurt 4o

Rose cuttings treated with 10 mg. indolebutyrie
aeid Merch S, Vitamin B complex sscondary treate
. ment applied March 18, Fhotograph taken April 10.






Figxfra 5.

Dousine apple suttings {one~eighth inch diameter)

treated with indolebutyric acid (20 mgs. per liter)
Pebruary 203 vitamin By (5 mg. per 1iter) applied
Mareh £5: photograph taken April 30. o

Figure 6.

Doucine apple outtings {three-aixteenths inch
diamster) treated with indclebutyric acid (20 mg.
per liter) February 205 vitamin By {5 mg. per
1iter) applisd Mareh 253 photograph taken April
80.

¥ote unusually welledeveloped root system en one
of the cuttings.






Figurs 7.

Doucine apple guttings {one-eighth insh diameter}
treated with indolebutyric acid {40 mg. per liter)
February 203 secondary treatment with P. Re. White's
synthetic mtrient medium gaven M¥arch 253 photos .
graph taken April 30,

Figure 8.

Filbert cuttings from oneeyear-old suckers
{one-eighth to one=fourth inch dismpter) watered
with vitemin B complex solution for 8 weeks.
Bhows typicak sallouss dsvelopment on filbert
cuttingse
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SUMMARY

A study has boen made of the rooting response of
filbert, doucine apple, and Manetti mse cuttings to
treatment with various growth subatances, applied as
supplementary treatments to indolebutyric acid., Substances
used inciude vitemin By, P« Rs White's yeast extract solu-
tion, P¢ Re ¥White's synthetic nutrient medium, vitamin B
complex, and indolebutyric acide Various types of cute
tings and different ages and sizes of woodwre used.

Filbert cuttings were not found to respond to
indolebutyric seid slone or followed by any of the asconde
ary treatmenta. | w

Douoins spple cuttings were faimd to respond to
indolebutyric scid treatment, bhut secondary trestments
appeared to be of no benefit, The dats of these experis
ments indiocate that it should be possible $o obtain vigore
ous rooting of doucine apple cuttings 1f given proper
conditions of chemical treatment, cutting materiasl, propa-
gation mediums, and temperatures.

“he removal of cuttings from the propagation bed for
secondary treatment is apparently detrimental to the 1ife
of the cuttings and to ultimate root formation. Thig is
espesially true of filbert cuttings,
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The use of various secondary treatments on Manetti
rose cuttings subsequent to indolebutyric acid treatment
‘gave no significant results.

It was found that feeding of the Seclarid fly larvae
upon the callus tissue ceaused severe injury to the basal
pertion of the cuttings. The doueins spple wood was
injured mors than the fildbert.
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DISCUSSION

M¥ore than 2600 filbert and £600 doucine apple cute
tings were used in these experiments, but in no c.ﬁao was
there any aspparent value from secondary trestment. In
fact, when final examinations were made, the healthlest
ecuttings with the most active callus were those receiving
only the primary indolebutyric acid treatment, With tim
fi".ﬂoért euttings, good callua was found in most cases, but
no roots were produced in any-of the treated or untreated
lots, even after & period of two months in the propagation
beds With the doucine apple cuttinge, sppreciable roote
ing odcurred in & few of the test series which wox;é .gi'v"en
the priwy ind_oiebutyric aold treatment. Horever; cute
tings given secondary treatment did not produce root systems
superior to those receiving only the primary treatment.

Manetti rese, s plant known to respond to growth
materiala, was used to obtein comparative data rbr the
various secondary treatments. Rooting was improved by
the indolebutyric acid az ¢ompared ta the untreated controlss
However, there was no signifiosnt varistion in rooting
responsé from the various secondary treatments mnd all
outtings receiving secondsry treatment were inferior to the
sories treated with indolebutyric acid only.

In practically all cases, considerable to s evere
injury resulted from sesondary treatments. The injury to
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f£ilbert cuttings from a,eéondar;y‘ treatment is caused meinly
by mechanical bruising of the callus tissue when removing
and replacing the cuttings in the rooting medium. Filbert
callus is very tender and delicats and even slight injury
spparently causes the complete disintegration of the

basal growth which is followed by desth of the cuttings Awy
type of secondary treatment for fllbert cuttings must be
applied without disturbing the cuttings in the propagation
bed. ‘

‘Doucine cuttings produce far more vigorous and
resistant basal callus growth than filbert amd are not
seriously injured by removal-from the rooting medium for
retreatment if the operation is done carefully. Doucine
outtings callused exceptionally well and displayed every
preliminary appearance of root formation, Some growth
factor or bhysiologicai condition is evidently lacking
which, if it could be supplied or sorrected, would probably
result in satisfactory rooting.

Vorious factors make the present work an inconclusive
test, The Sclarid fly lairvae severely injured much of the
material in the greenhouse, thus introducing an important
variable. This was largely overcoms by duplicate tests
made later, Also intensity of sunlight during warm spring
days increased greenhouse atmospheri¢ temperatures from the
normal 68 degrees i:o 85 degrees F. T‘enporatura‘s of the
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_outdoor coldframe were also unfavorsable for propagation
works The sand temperature varied from 52 to 78 degrees F.
and the air temperatures usuaelly somswhat higher. This,
however, may emphasize the importance of the limited root-
ing response which was obtained.

Further experiments are negessary to obtaln con=
clusive data both on the filbert smd doucine aute'ings;
The studies of watering filbert cuttinges with nutrient
solutions should be contimied. The same work should be
done using doucine apple cuttings. Tests should be conw
ducted to determine the relationship between tims of applis
oation of the secondary treatmsnt and ultimate rooting
reaponses. The wrious primary and secondary treatments
should be repsated on both filbert snd doucine outtings
taken in June while in nc_t-iire growth and also in July
immedintely following formation of terminal buds,. |

Tt would be ¢f valus to use other species ﬁz further
tests of this types Such spacies as Kanetﬂ rose, American
holly, and lilac might give valuable results,

| This study indicates the ditficultiy of rooting fil-

bert from cuttings. However, it is quite probable that
douecine apple cuttings in proper physidlcgiéul condition
can be rooted if chemiscally treated and placed in a
propagation bed equipped with bottom heat (70 to 75 degrees
Fe)
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