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THIRQLUCTION

Hose bushes constitute the Frestest percentage of all
nursery atock that iag stored in common storage. They present
s real problem to the nurseryman, since thelr dormancy
apparently i3 more readily dbroken by brief exvosureas to high
temperasture than other nursery materisl. In some yesrs, when
it is difficult to lower the temperature within common
storage housnes early in the winter, the busher start ashont
growth {n December, making them ci{ificuit to handle progerly
throughout the storage period. ISpring temperstures are alao
of conaiderable influence. If high outside air temperatares
ocour in late winter., the ftemperature within the common
storasge house also rises and thereby shortens the period thst
rose bushes can be held safely without excessive shoot pro-
duction taking place.

The etiolated shoots that grow on rose bushes in common
gtorage are objectionable from tvo standpointas. Firast, they
muel be removed from the plantz soon after they develop,
since they are very susceptible to destruction by molds and
other organisma, some of which, beginning on the new shoots,
wiii #»row back into the older canes and may ultimately destroy
moat of the plant tops. lecond, muck of the stored food re-
serves contained in the gplants are used up in producing the
etiolated shoots and consecsuently sre lost {rom the planta

apon their removsl. Kany home gardeners have been discouraged



from growing rose bushes due to the poor success they have
had with aprarently excellent bushes, which in reality were
plants of low vigor, becsuse shoot production in storsge had
depleted the storerd food reaserves of the pisnts.

4 solution of the dormancy problem of stored roue bushes
wonld appeur to come from three sources; first, education of
the buying public to make thelr rose plantings aa early &as
posaibie and thus svoid a long storage period; seecond, the
use of artifieisl ecold storage facilities which would un-
doubtedly solve much of the difficulty since the plants could
be held at a sufficiently low and uniform temperature thsat
ghoot growth would be inhibited; third, improvement in the
conastruction snd operation of the common storage house, sag
well as improvement in methoda o0f handling the plants. The
discovery in recent years of the inhibiting efiect of certain
chemical compounds on bud growth when applied to plants
suggested the possibility that these materisls might be used
to prevent shoot prowth on rosge bushes while In common storage.
The work reported herein desals with experiments that were
undertaken to determine if these chemical compounds, eommonly
referred 1o .3 prowth regulsting substances, could be ussed to
inkibit shoot pryoduction on rose bushes when they are held in

common storage.
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LITERATURYE REVIER

The literature ¢oncernsed with growth subzstancesg send their
sffects on plant growlh and development haes expanded rapldly
in recent yesrs., aslthouph moat of the avallable references on
growth substances have been congulted, only thogse that seem o
have direct beuring on the present problem under consideration
have been selscted for this ryeview. Several publications (4,
10,62,585,69,60) are avalluble for those who wigh a more com-
prehensive review of the literature on growth substances and
the various plant responses that have been obtained.

*Apical dominsnce” Or the nstural inhibition of latersl
buds by the uppermost bud on plants hag caused much speculation
and experimentation over a long period. Goebel (22} im 190C
concluded after gtudies on the seedlings of walnut that the
depletion of terminsl bud food reserves contained in the
cotyledons would asceount for any suppression of the lateral
buds. Loeb {34) slso held to a somewhat similar view after
axperiments with Bryophyllum stem cuttings of varying lengths.
The amount of shoot production on this plant muterisl appesrsd
t0 be directly proportional to the length of cutting.

Congiderable experimental evidence has sccumulated in
support of the thesry that a bud inhibiting substance i3 formed
in plants. Pfeffer (47) ss enrly ae 1903 sugpested that since
many dormant lateral buds contained adequate food reserves for

growth, their suppression waas caused by some other factor than



food alone. Appleman (1,2) after extensive studies with the
potato concluded that the spical bud must produce a growth
subatance that inhibits development of other buds. He found
that 1if tubers were left intsct their apical bud showed
greatest development, wheress, upon division, the eye on each
plece grew as though it were an apical bud. OCortieal inci-
aions made between the buds vsused the same response as with
separated pleces. Apical dominance appeared to be overcome
when intaet tubers were infected with the “spindle sprout”
disease. More recently Guthrie (24) and Zimmermsn and
Hitchcock (66) found that all the buds of potato tubers conld
be inhibited by solutions and vapors of lsboratory synthesized
growth substances, and in =2 manner very similar to inhibition
by apicesl dbuda.

A% indicated by Appleman {2) the growth inhiblting sub-
staence appeared to move within the cortical region only.
Harvey {23) confirmed this by killing a narrow region on the
stems of bean plentz with steam, which resulted in development
of dormant lateral buds below the killed ares, in much the
manney that an incision above these buds affects their growth.
The growth imhibiting subatunce apparently could not move
through dead tissue. heed and Halma (41) earlier had shown
that an ineiaion made above a dormant lateral bud of citrus
trees woulé csuse the bud to grow out, since the ineision
apparently interfereé with the movement of inhibiting sube
gtunces from the apical bud. Oooper (14,15} working with

citrus cuttings, found that ringing the cuttings after treat-



ing the top with synthesiged growth substance prevented move-
ment of such substances to the base, ss indicated by the
influence on rooting.

%ent (58) and Thimann ( 53) both credit 3now (48) for
first showing that bud inhidbition is caused by a definite sub-
stance contained in plants. Snow made longitudinsl slits in
bean seedlings 80 that they were halved. After binding such
seedlingg tightly together it was found that some substances
passed through the alit gzone and caused bud inhibition on the
side oppoaite that earrying the apical bud. Thimann and Skoog
(46,54 ,55) later presented data to show that extracts of
growih substsnces from plants, as well ss the synthetic com-

pounds, would inhibit budas of Viecia faba.

The similarity in plant response that hsg been found with
extracts of living materiasl and with the pure synthesized
growth substances hag been reported by a number of workers and
with widely different plants and various resaponses. In the
case of gall formation on plants, Brown and Gardner (12) have
shown that gella produced on bean plants by extracts of a

culture of Bacterium tumefacleng and those resulting from

treatment with indolescetic acid appesr to be very much alike.
Tetailed histological studies by Lraus, Brown and Hsmner (32)
on the development of guch galls further provides evidence
that living cells can produce substsnces that resemble in
action the pure asynthesized growth subsatances. Later work by
Kitohell and Hamner (37) on bean and by Hamner (27) on

Kirabilis indicsted that the formation of gsalls is primarily



determined by the concentration of the growth substance that
is in contact with the plant cells. &dditional evidence may
be found in the literature on parthenscsrpy induced by polien
extracts from a wide variety of plants «3 compared with thst
induced by a number 2f pure growth substances, (12,25,826,62).

On the basig of the work reviewed thus far, it would
appesr logical to suspect that a synthetlic growth aubstance
or substances could be found that wonld succesafully inhibit
the vegsetative buds on rose bushes in common storege. This
would appesr to be especially true since Suthrie (24) has
already reported complete inhibition of sprout formation on
potato tuberas by the use of growilh substance. However,
Guthrie applied his treatments and held the treatsd tubsrs at
259 ta 289 (Centigrade which is considerably higher than the
temperature encountered in cowmmon storage honses used for
storing rose bushes.

The mechanism by which growth gsubstances operate in in-
hibiting vegetstive growth of plants is atill not definitely
rnown. Thimsnn (53) has pregented a oriticel review of the
various physiological theories of bud inhidbition by naturally
cecurring growth substances that have been proposed up %o
1938, <The fact that growth substances either naturslly
occeurring or synthetic 4o not aslways inhibit vegetative buds,
but may under some conditions canse s stimulation, as shown
by the work of Bennett and 3koog (7) and thet by Vegis (567),
further complicates any theoretical explsnations that may be

made.



Pisagreoment aizo appoars in the rather limlted amount
of literature in connection with the inhibiting eficct of
growth aubstances on the opening of flower buds. The work
hag been largely done with peach, to determine if srowih sube
stances applied to unopened blousoms would delay their
opening until dangexr from frost injury is psst.

¥inklepleck {64) reported inm 1939 4hat naphthaleneacesic
acid applied to the branches of dormant peach trees in agaeons
sprays st the rate of 125 wmilligraws per liter caused a delay
of eleven days in blosaom opening. 7The sprays were applied
Just prior to blossoming time, and the delsy wae mensurcd by
comparing the sprayed treez with comparable unsprayed trecs.
Winklepleck found that the bloseoms that developed on growth
substance sprayed trees hsd smaller petnls. The vetarding
effect on the fliower opening slso carried over into the
developing Iruits which matured at a slower rate than fruits
on the unsprayed trees. The ultimate size of {ruits on
gprayed and unsprayed trees, however, was the same.

¥itehell and Cullinan (36) after conduoting extensive
greenhouse and field experiments over s two yesr period con-
cluded that no retarding effect on the opening of flswersg of
either the Elberta or Belle pesach varieties resulted from
apray application coniaining any one of four zrowth substances.
“hey used naphthalenescetic meid, naphthaleneacetamide,
indoleacetic neid and indolebutyric ascid at varying rates of
18, 20, b0, 300 and 500 millieprams per liter in water alone,

in lenolin-emulsion snd in oil-emalsion. Naphthalenescetic
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acid caused an earller opening of greater pnumbers of floral
buds on detached branches of Dotk peach varietles. Haphthslene-
gcatamide had a simiiar eflect on the floral bude of 3elie but
not on Ziberta flower bada. Indolescetie and indolebutyric
acid emalslons had no effect when apylied once. Vhen the
spplicatisns were vrepealed on Belle a grester number of

flower buds waz induced to open. The vexgeltative buds of peach,
however, woere retarded by growth subatance applications.
Hitubell snd Cullinan concluded from thelir work that growth
substances are ineflective in retarding the bloowming date of
peaches and under certalin eonditions may csnae an ewsrlier
bloassoninge. Jhey also inciuded branches of Elefley pesr in
teuts simlilur $0 those conducted with pesches The flower buds
oL pear were nol hastensd in opening andé wien repeated sprays
withk high concentratlion wers uaed the grovth substance caused
injurye.

Lagh evidence has sappesred in the iiterature which in-
dicated that indoleacetic scid aa well as other growth
substances spplied to plants and isolmied pluant paris causes
a mobllizution of nitrogen, ocurbohylrates and other subsiuances

roated region (19,00,30,5L).

[xs

to ihe
Jooper {1i4) found that eutting off the bases of leafless
woody ocuitings soon after they were trested with growth sub-
stance removed mome material that causced reots to form. He
gzlled this substance rigocsline. 3Ituart spd ¥arth {50} Pouznad
thst indolebulyric acid ocmused an accumalution of more sugars

in the steme of [lex opaes cuttings Just prior to root




emergence than with simllar untreated cuttings. Schneider (44}
has reportsd that sugsars sre egsential for auxin sctivity in
plants. Stuart (51) lster discovered that indoleacetic amecid
also caused s rapid mobilization of nitrogen as well as carbo-
hydrates from the leaves and cotyledons to the bases of tremted
bean cuttings. 4 recent paper by iloak (18) with Forsythis
cuttings treated with nsphthaleneacetic acid confirms 3tuart's
{61) finding with besan cuttings.

Prior to the discovery and isolation of pure growth sub-
atance, early work by sSchrader (48) and by Reid (42) with
cuttings of tomato has shown that high carbohydrate content
plus a relatively low soluble nitrogen content favored root
formation.

The experimentsl evidence obtained with cuttings appesrs
to indicste that growth substances sct on the food reserves
of the plant and bring about directional changzes in its move-
ment. Cooper's {(1l4) work suggests also that a specific,
naturally occurring, substance which regulates root formstion
may alzo be afiscted by growth substance sapplications. How-
ever, the amount of fo0d4 reserves that had been mobllized and
lost when he removed the basges of his cuttings would appear
to be 8 factor in any interpretsation of his results,

Yhe mode of sction by whiech zrowth substances cause
changes in the food reserves of plants hag been greatly
clarified by the recent work of Hitchell, Ersus and “hitehead
{33). In experiments with intact kidney besn plants they

found that s-nephthaleneacetic acld in lenolin-emulsion sprayed
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onto the leaves of plsnis cusused a very marked accelerstion
in the rate of stsrch hydrolysis. Apparently the growth sub-
stance greatly affected enzyme mctivity. In laster experiments,
iitechell and “"hitehesd {39} founsd that naphthaleneacetanmide
had no efiect on starch hydrolysis and that phenylacetic acid
had very little, whercas Indoleacetic, naphthelensacetic,
indolevutyric, indolepropionic, and naphthozyacetic asoids were
very efiective iIn lilncressing the rate oL starch hydrolysis.
Temperature was found aiss of considersvle importance in the
action of prowth substances on starch Jdisestion. OSreatsat
enzyme metivity was found betveen 74°% snd 76° fahrenheit.
seaves kept at 62° to 54° Pahrenheit and at 90° to 92°
Jehrenheit were not affected by #rowth substance st thegse low
and high temperziunres.

#or the most part, application of growlh substances to
piants has been by saueous sprays or in lanolin paste.
Guthrie {24) and 7immoerman and Eitchecock (66) appesr to be the
firat to report the nse of growth substances in the form of
vapors applied to planta. These authorz found that out of 64
rhysiologically active substances tested 28 were effective
when applied as & vapor. In general the substances that were
active as growth subatances in the vapor state were found much
more effective when spplied in this way than when applied in
lanolin paste. Jeveral compounds thatl were not aclive at ail
vhen applied in lanolin, casused considerstle epinasty of
tomato when applied in vapor form.

In s later paper Zimmerman and Hitcheock (67) have
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reported that one of the compounds, d-navhthoxyacetic sacid
applied %o plants in squeocus swurays, c~used conslderable
alteration in the charsctericstic venation pattern and form
of the leavea of tomato, hibiscus, mimosa, artichoke, Paris
daisy, tobaceco and maripgold. Apparently theze sunthors be-
lieve that the responses obtainsed were not due to changes in
chromosome number but were due entirely to morpholoricsl
changes in cellulsr arranvement within the affected plante.
Bausor, Reinhart and Tice {6) have also found that this com=-
pound will cause histoloricsl chanpes in the tomato.

Breenleaf { 23), Levan (32), and Dermen {17) present
evidence which show that growth substances may cauze chanpes
in the number of chromisomes normally ocecnurring in certain
planta. Oreenleaf decapltated young tobaceo plants and re-
moved sll lateral buda. After applying indolescetic acld
paste to the ¢ut surface, callous tisaune developed, and from
it, shoots were produced some of which were tetraplold while
others were octoploid.

Levsn (33) found that s-naphthaleneacetic and indole-
butyric acids were effective in iandueing polyploidy in the

roots of ¢ spesies of onion (Aliivm gepa and Allium fistulosum)

whereas phenylacstic snd phenyipropionic acida were not effec-
tive. The growth subastances that csused polyploidy did not
appear to sffect tha dividing celis in the meristematic region
0f the growing point, dbut caunsed the development of abnormally
large cells in sliphtly older tissues. G“he chromosomes were

doubled¢ in mumber £Lrom 3L to 64 in these large cells. Levan



Levan belisved that the smction of growth substances on the
polyploidy obtained was different from the action of
colchicine. Accordiing to Levan, colchicine affects only
cellular divisions in the sctive meristematie regions snd does
not affect the more or less mature cells with resting nucleil
outside of the meristematic regions.

Uermen {17) treated the stems of young intaoct bean seed-
lings with 2 0.25 per cent naphthalenescetic acid lsnolin
paste and produced tumerlike callous proliferation from which
roots developed. Upon sectioning this material he found that
ees. "PFolyploidy was present in the following parenchymatous
regiona: cortex, endodermal region, phloem, medullary rays
and pith of the stem; cortex and endodermal region of the
root primordis; and rarely in the central region bsck of the
growing point. Ho polyploidy cells were observed in the
cambial reglon of the stem and the procambisl reglion of the
root primordia....”’ Dermen concludes from his observations
that growth substance treatment may cause pusrtial polyploildy
in some plants, resulting in s mixture of diploid and poly~

ploid tissnes.
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Common 3torape

Throughout the experiments the same c¢omuon slorage house
wag used in storing the experimental 1lota., Briefly, this
house wag of concrete bloeck conatruetion, and the hounse itzelf
was set in the side 0f a hill 8o that the side and back walls
of the storage room were below ground level. 7The gsble roof
wos above ground and lined with "Celotex” fibser board on the
inalde 0f the rafters, and the ceiling of the storage room
wasd about at ground level and congtructed of a layer of
"Celotex™” overisid with tongue and groove sheathing. This
created a large and a small "dead” air aspace between the in-
2gide of the storsge yroom celling and the outside of the house.
The Btorsge room was 0Ff 28, 000 cuble feet capacity and was
provided with a8ix boxede~in ventilsting openings. These
openings were 13 inches sgusre, two extended {rom inside the
ceiling to 4 feet above the gable of the roof, and four
ventilators, one at each corner of the room, extended Lrom
two feet above the floor to roof level nesr the eaves. "“hen
open, the foar corzer ventilators allowed cold sir to settle
ints the room, mnd the centrally located ceiling ventilators
permitted the escape of warm sir. The only other opening
wag a double door in the concrete bloeck front well of the

room through which materisl could be shifted in and out of
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commnon storuge.

The floor of the storage rrom consisted of pscied clay
801l eovered with t+0 inehes 92f fine wand. The sand wasz kKept
moist throughnut the storage perind. Helatlive humidity records
obtained on the same chuart with temperature showesd that at no
time did the relative huamidlty drop below 30 per cent while
the storarge wmus opsrating.

A weekly recording thermograph was used in the storage
room continuously during the atorsge geaxsone. In oxder to
ghow the temperatures encountered during the common storare
experiments, %the weakly mesn temperatures were csioulated

from the thermograph cherts.

Cold Storage

in experiments where o0ld storage was used for compari-
8on with cowmon storsge, a amall room {1200 cubic feat)
artifically controlled at 52 %19 2shrenheit was available.
The relative humidity within this room was unguestionsbly
muaeh lowsr than thst in the c¢ommsn storage. Hoiatened peat
and zand mixture covered the plant roots so that the plant:y

did not become dry at any time during 52° cold storage.
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Rose Flant ¥Yaterisl

1939 = 1940 Plantsg. Gince very little work has besn

reported previously on the effect of growith substances on bud
inhibition with material other than herbaceous cuttings, the
work in this sesngon was largely of an exploratory nature. For
the purypose of testing a large number of compounds as well as
various methods of applying them, L0000, one yeay o0ld rose
bushes 0f the Ami ‘uinard variety were used. The plants were

#1 grede; Texas grown, budded on Roga multiflora rooted stem

cutting stocks.

The Texas plants were utiiized in exploratory experiments,
with & to & plants per treatment. 4As will be noted later many
of thegse triale yielded negative results, but some showed
promise of delaying bud growth. In order to further verify
some of these initial triasls, tvo lote of plants were obtailned.
One consisted of 50C plants of the Guinee rambler variety, the
othey consisted of 3560 plants of the Hadiance variety. These
plants were HZagtern grown snd were -1 grade budded onto Hoss

multiflora seedling stoaks.

ihe plants weres secured on Harch 26, 1240, and the
varicties selected were among the few remeining in common
storage thet were dormant and available at this late dsate.

1940 ~ 1341 Planta. A lot consisting of 2200 bushes of

Ami cuinard roses was nvailasble for the storsge experiments
on January 3, l941l. The plants, like those used in the pre-

vious yesr, were Texas grown #1l grade, one year old buided on



Roms multiflora ronted stem cuttinss. For the most part the

plants had stopped vepetative grovwth when dug in the nursery
and were of a hetter stage of maturity for ztoragze than those
received the vrevious year from the asame nursery. <Lha plants
were casrefuilly worked ovar when received from the narsery and
were graded further for uniformity, and all broken and weak
caned were removed. At this time also, plants that vwere
immature, as indlicated by a sappy appeanrance of the agxnnes and
presence of foliage, were sepgarated. After grading and prun-
ing, the plants were stored in risks in common storage with
ro2ts packed in molot peat.

In order to determine how much variability existed among
the plants that were to be used in the storage tesnts, a random
gample of 40 plants was taken, potted up in composted soil in
6 inch pots snd placsd in an enclosed esse in the greenhouse.
The plantas were arranged in 20 pairs and were oxamined at the
saxme time esch successive day for the first wisible zign of
bud breaking. The firat plant of esch pair to break bud was
placed in group 4 the other plant in group 3. The complete
roesulia are shown in teble 1.

It ia apparent in table 1 that the plants varied markedly,
roayuiring from 6 o 14 days to show wisible bud breaking. ome
o0f this variability msy have been due to differences in ex-
posure to drying condltions either in handling the plants prior
to shlpment or to position within the box during shipment.
Yoerzes and Jardner {64) have showvn that the psraoentase of

moisture contained in the packing material as well as in the
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TABLE 1.
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VARIABILITY OF AMI QUINARD ROSE BUSHES AS INDICATED 3Y NUMZER OF DAYS

REQUIRED TO SHOW VISIBLE BUD BREAKING ON 20 PAIRS OF UNTREATED PLANTS.

GREENHOUSE TEST BEFORE STORAGE TREATMENTS WERE STARTED.
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plants themselves has an import-mnt besring on the production
of shoots on rose bushes in storasge. Examination by the
author of many thousands of rose bushes which had been held
in commercial common storage houses for several months
indicated that during the storsge period the high moisture
content of the packing msterisl and air surrounding the plants
may tend to reduce variabllity in shoot produetion, due to
diffsrences in moisture content of the plants. The ricks of
plants of a particular variety appesresd 19 be very uniform in
ahoot length and rpumber per plant. Unfortunsitely, however,
no data wore secured to estmblish this point, and in order to
provide a measure 51 safety for securing reliable results of
thig atudy, when it was possible to do so, s minimum of 2
plants was used in each treatment.

In addition to the above mentioned lot of Texaa grown
plants, other lots were obtsined frow EZmatern nurseries, cone
sisting of 100 bunhes each of the following 15 varieties of
roze: Ami .culnard, Chatillon, Duguesss de Penarands, Editor
Meirarlsnd, Sdith Nellie Perkins, Etinle de Hollsnd, Girona,
Jolden Lawn, Guinee, Margaret Melredy, Poulsen'a Yellow,
Radiance, bhadio, Hamon Bach, and Topsz. These varieties were
selected to include thoze that tended ts grow ghoots profusely
in atorage as well am those that werse not so troublesome in
this connection. These varietiss sre inciuded in the variety
dormsney ratinsa ashown in table 9.

Yhen the plants were set up in experimentsl lots for

treatment, the roots were pracked in moiast peat and aand, in



paper lined 1/2 bushel baskets. Partioular attention was

gi#en to prevent the planta from losing excess moisture.
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Plent ¥aterials Used CGther Than Hoge

Althouzh the experiments were concerned wmostly with
the effects of growthk subsiances on shoot production of rose
bushes, & numbey 01 plants representative of gpecies other
than {osa were included to finmd out Lf they would be adversely
atfected by the treatments with volatilized grovth subatances
applied 1o rosze bushes within the same room. Ireguently the
common storage yooms are built fairly large and often contsin
large gquantitlies of a variety of narsery stock. If the trest-
mont seriously affected this other material it would have to
be removed before treating the roses with volatilized growih
subgtances.

The plants that were ineluded in the test slong with

roses woere ar follows: Acery palmatium, Japanese maple, 30

two-year seedlings; Amypdalug porsica, Usroline “IHatural®

peach, Z0 one-year seedlings, and 30 Elberta wvarlety peach,

one-yesr trees; Diospyros virginiana, native persimmon, 30

one-yerr seedliings; ialus sylvestria, NHorthern 3py avple

variety, 30 one-year trees;:; also Delicious apple, 150 newly~-

made piece root grafts; ‘hilmdelphus grandiflorus, Hockorange,

30 three-yenr old transplants; Prunug cerssug, Lontmorency

cherry variety, S0 one yesr 0ild trees;: runua gserrulsta,

Japanese flowering cherry, 30 one-year seedlings. Ailso in-
cluded for comparative purposes were 60 one-~yesr bushes of
Guinee wariety of roane.

ail the above plants were grown in the expesrimentsl
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nursery of the U. 3. Horticultural 3tation at Beltaville, Md4.,
except the Guinee rose bushes, which were procured from an

Eastern nurseryman.



Growth Substances and Methodsa of Applying

The following compounds hsve been reported to cause
growth reaponses, such asz rooting, curvatures, and other
effects on bud growth: B-indolencetic ucid, 3-indolebutyric
acid; dH-indolepropionic acid; s-naphthalenescetic acid;
a-naphthylmethylacetic; a-naphthylethylacetate; <~naphthalene-
acetate; sa-naphthaleneacetste; Hiz~naphthalenescetate;
a-naphthalenescetonitrile; a-naphthalenepropionic acid;
Na-naphthol{4)asulphonate; a-naphthalenescetamide; s-nsphtha-
lenethioncetamide; a-naphthaleneisothioacetamide; a-naphtha-
leneoxyacetic acgid; B-naphthaleneoxyscetic acid;
a-naphthylmethylthioceyanate; a-naphthylmethylisotriocyanate:
a=-methylnaphthalene; tetralin-G6-ascetamide and acenaphthane.

Wany 01 these growih aunbstances have a Vvery low
soiubiilty in water. However, in preliminasry trisls they
were all used at their maximum solubility in agueouns soslution
sprayed on dormant plantsg. Althouph several compounds showed
a noticeable effect in delaying bud bresking when aspplied in
this way, asdeqguate control waza not obiained with any compound,
Other solvents and carriers were then tried, snck ns varying
percentapge of from 5 to 20 per cent ethyl sleoshol, dioxan,
ascetone, lanolin-emulsion, 1/4 and 1/8 per cent light oil-
emulsion, a3 well a8 tvo proprietary wax-emulsions freuuently
uged in waxing rose plants commercislly., 9f these carriers
the wax~emulslions proved to be most satisiactory, for not

only could the growth subsiances be used in higher concentra-



tion than in water alone, but the emulsion appeared to bve
less toxic to the plants than with the mleochols and othsr
aolvents used. (Jones and Richey (1) have reporisd that
wax-emulsions could be epplied with safety to young tomato
plants.) Purther, they had the effect of hnlding the growth
gubstance on the canes for a longer period, which resuited

in an lncressed effectiveness of a given concentration of
growth substance over the same concentrstion sprayed in water
oniye. In spraying large lots of plants a small, electrically
operated, pint capsecity paint sSprayer wasz uzed. 7Yhis type
of sprayer produced & sSmooth uniform film with better spray
coverage than obtained with severasl types of hand sprayers.

The esters of a-naphthalenescetic scid, namely,
a-paphthylmethylacetste and a-naphthylethylacetate are liguids
which volatilize readily on hesting and the fumes of those
compounds were used in treating plants by the vapor method.
Another compound a-naphthalenescetonitrile, also liguid, was
uged in the same manner.

In applying the gases it was essential to have air tight
rooms or contalners to prevent the gagses from escaping, also
to provide heating equipment within suck rooms or contmniners
to volatilize the liguid growth substsnces and s fan to
develop sn equal distribution throughout ths chamber. 7Thus
treatments were applied in a common narsery storage room of
28,000 cubic feet, in a small stock room of 1000 ocubic feet
capacity, with openings sesled with putty; in 20 gslion reiuse
cang having tight fitting lids gesled with adhesive tape; in
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a8 double thickness paper-lined tongue and grooved wooden
chamber of 400 cubic feet capscity, used for cyanide fumigs-
tion; in large, ground glsss bottom, bell jars with a 2 inch
diameter opening in the top; slao in the chamber illustrated
in figure 1 which was constructed of two 5O gsllon drums
welded end-to-end and with a water sealed Lid. 1In all cuses
the exact capacity of the chamber was known 85 thet the con-
gentration of growth substance could be reported for a
comparable chamber of 100G cubic feet capacity. In the very
gmall chambers, where low concentration of gas, regquiring
only a fraction of a drop of growth substance, a quantity of
convenient weilght of compound was first dizcolved in sbsolute
alcohol and a known qusntlity of growth substance pipetted out.
It was found that, upon heating, the pure liguid growth Bub~
gtance would sometimes char, bdut 1if it were mixed with 890 per
cent alcohol, then placed in a8 shallow watch glass, volatiliza-
tion would be complete without visible residue being left.
The alcohol salmso tremendously legsened the time required for
volatiiization which was of considerable aid in reducing the
amount of heat recuired in the volatilization process. In
treatments vhere 1t wsas desired to have a controiled tompera-
ture throughout the trestment period it wss necessary to have
this reduction in heating, sagpecially ot the lrwer tempersature
employed,

Attempts were made also to volatilize dry crystals ans
woll mg alecoholic solutione of a number o0f growth substances

that occur in crystalline form at room temierature since
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FDORMANT ROSE PLANTS
ROOTS IN MOIST PEAT

eeT FAN AND HOTPLATE

fMpgure 1. Disgram showing the apparatus used in treating
raoase bushes with volatilized zrowtlh substance
under controlled conditiongs. ihe chamber was
constracted by welding two &0 gallon draima end
o end with a water seal tvwo inches wide and two
inchea deep welded at the top to prevent gas Irom
escaping past the 1id. Growth substance was
volatilized with & hot plate and circulated asround
the guspended plants with a fan as indicated. lor
treating plants in a partiasl vacuum s paraffin
gseanl wasg subastituted for the water seal shown.
Outlets for wvscuum pump and gauge were made next
t3 the thermograph oatlet.



Zimmermen and Hitchcock (66) have reported that many are
active when used in this way. These attempts met with little
success. Although most ol the growth substances tried could
be volatilized t0 a2 greater or less degree, considerable
recrystallization and charring took rlace.

it was felt that under these circumstances the exsact
concentration of gaseous growth substance would be difificult
to determine and repeat under a given set of conditions. Jor
this reasson, with the gaseous applications emphasis wss
placed on the uge of th: esters of naphthalenescetic acid in
aleoholic solution. These 1lisuid compounds volatilige with
a minimam of heat application, and loave no visible residue
apon volatilization. 7This was also true of the naphthalene-
acetonitrile compound. Although npon standing 2t room
temperature this compound would form crystalsg, they would
quleckly dissupear upon warming.

It willi be noted that in this study, more emphnasis has
been given 1o exporiments dealling with gaseous spplicstion
of growth substarnces than application in wax or other carriers
that lenve a visible residue on the plarnts. The reason for
this ia that many rosarisns discriminate apainst plants that
are waxed. ihey claim that the presence of wax 18 iandicative
of plante of low vitality that may have been held in warm
retsil display rooms for an uncertain lenpgth of time. They
prefer to pay a premium for an unwaxed plant of good appesar-
ance, for they feel that in order to prevent drying snd shoot

growth, the unwaxed plants must have been stored under



favorable conditisns prior to purchass.

Kothod of Measuring the Effectiveness
of Growth Repulating Zubstances on 3ud Inhibition.

In most of the preliminary exporiments in 1939-1340 the
plants were moved into the greenhouse immediately after
applying the growth subastances. Greenhouse forcing was done
in order %o speed up the testing of a large number of com-
pounds at varying concentrations zss well ss the effect of
differdnt carriers that way be used in spplying growth sub-
stance. Any delay in shoot produetion irn plants in a given
treatment, 28 compasred with similar control plants, was then
used 28 a measure 0f the effectiveness of the particular
trestment on bud inhibition. Unguestionably, the reaponse
obtained with plants forced in a greenhouse would not be
exactly ecuivalent to the behavior of similar plants held in
common storsge with regard to the effect of a piven treatment
on bud inhibition. However, it =as felt that 1if a particular
treatment had absolutely no efiect on inkibition of buds
under greenhouse condition, it would be of guestionsabdle
value under comuzon storage ceondition. <Jonseguently, treat-
ments that showed no effect or, in some ecasesd, an injurious
effect on the canes in the greenhouse were not tested further.
JOther treatments which showed even a slight rotarding effect
on bud growth were earmsriked for further testing under common
storage conditions.

In the 1940-1941 experiments the entire set-up wss



L]
e

designed to simulste commercial common atorage condlitions.
Immedilately afiter treatments were applled to plants they were
move: into the common atorage hause and held until the end of
the normsal common storage period, which is sbout Xay 1,

Later than thig or in years when unfavorable storage conditions
oceur from 1 to 2 weeks earlier, it is not considered safe to
hoid rogse bushes in common storage.

#for the purpose of comparison of the effectiveness of the
various growth subatance treatments, dsta on number asnd length
of ahoots were taken on an individual plant basizs at weekly
intervals during the storage tests. At the same time also,
record was mude of the length of injured portions of the canes

that were present on each plant.

Cytological Methods

The work of freenleaf (23), Levan (33} and Llermen (17}
has indicated that growth substances will effect polyploidy
in plants. If this is likely to happen in the case of rose
bushes it is pozsible that the characteristic varietal form
of the plant ani flower may be altercd.

ine metnod of treatment and sampling was similar to that
uged by others on plant material. Hose bushes which had been
moved into the greenhouse were given 1.0 gram, 2.0 grams and
3.0 grams per 1000 cubic feet vapor treatments of a-naphthyl-
mothylacetate Jjust a3 the buds began to show activity. aAfter

the buds had started vepetative growth, samples were taken for
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segtioning of the growing points.

The buds from control and growth substance treated
plants were prepared for sectioning in the following msnner;
upon removal from the plant they were dropped into s fresh
mixture of Wilson's modification of Buin's fixative to kiil
and fix the material. 7This fixative is composed of an egusal
mixture of two solutions, A and 5. 3Solution 4 is made up of
picric acid (saturated solution) 64 cc.: formslin, 5C cc.
and urea, 2 graus. 3olution B3 is composed of picric acid
{saturated solution!, 94 cc.; acetic acid, 5 cec. snd chromic
ascgid, 2 grams.

after kiiling and fizing, the materiasl was washed free
of fixative. 1t was then dehydrated and embedded in paraffin
by the usual tertiary dbuityl alcohol technigne. he paraffin
sections were cut 15 microns in thickness and after removal
of the paraffin with xylol then alcohol, the sections were
stained in crystal violet followed by weak IXI solution (1
per cent ¥I and 1 per cent I). The stained sections were

then mounted in balsam for microscopic examination.
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Hethod of Determining relativse
starch Content of Kose LJushes
by the IxI Yest.

Previous work by Gardner and Yerkes (21 with 8 variety
of Iruit tree nursery zstocks and by Yerkes, Jcott and lwingle
{65) with rose plants haes shown that, when dug at an immature
stage severe losses are encountered during the storage period
and & low percentage survival of plants is obtained when such
stock is lined out the following spring. In the case of rose
bushes even greater Logses are encountered when imnmature
plants are atored, since the rose seems to be very susceptible
to mold snd other disesse infestion while in stormpe. The
vroblem of immaturity is further complicated with rose bushes
by their tendency to continue vegetative growth until very
1ate in the fall. In years of high rainfall late in the
senason which delays maturity, even though dipging is deferred
until the danrer of freezing weather iz inminent, many im-
mature plants may be stored. Zven under optimum msturing
¢onditions there may be low aress in the field where n few
plants continue growth later than others snd are stored
immature along with the mature plants.

After rose bushee have been dug and pruned for storase
i1t is freguently very difficult to determine sasually which
plsanta are mature and which are immature. The latter often
have the mppesrance of being the better plants, since they
may be larger and often hsve s more lively green cane color.

For s number of years the iodine tesnt for starch content of
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the stock has been used with much success in determining the
relative stage of maturity of rose bushes. 1In applying the
toat a drop o9f 3 wenk IXI solution 1s plaged on the cross-
sectional cut surface of the stock and after a brief interval
of 1L - 2 minuntes it is examined with a hand lens for the blue
color pattern caused by the presence of atarch. Immature
plante will have very little or no astareh present, whereas
mature plants have an abundsnce stored in thelr stocks.

The Il method of determining maturity of rose bushes
has Deen somevhat discredited among commerciasl intervsts
where in certain instances it wag found that starch was not
prosent even in the most mature stocxs. This discrepancy in
the test has been explained by recent work in Zngland by
3randon {11} who f>und that some rose species and hybrids do
not normally atore starch regerves in the fall. ™ith such
material the [XI test for maturity would be of no valus.

However, [osa multiflora which conztitutes a very high per-

Y

centage of the stoecis used for hybrid tea varieties in this
country is one of the species which normally stores starch
when the plzant matures, and, as indicated by Tukey {(56),
Carizon (13), Srandon (ll), and further substantisted by the
work presented here the LI test with this stock mppearsz ito
be a relisble test for maturity.

The ilodine-potassium~iodide test for starch has been
widely usad for many years in determining starch in plant
tissues. ¥or the most part the test has been used quailita-

tively, mevyely to determine whether astareh i3 present or
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agsent (rom the materilol under exsamination.  Lowever, & number
of inveatigators have reported succegsfual use of the teat on

a roughly nuantitative busis in following the relative asmounts
of starch pregent at different times of the year or different
stages 0of piant development. sor example, digelow, Gore and
Howard (#3), Davis and Blair (18) and Hitz (29) have followe“
the course of starch disappearance in developing spple fruits
to determine the proper time to pick for best storarse guality.
archer {3) has followed the seasonal chanres in starch content
of the different parts of persimmon trees throughout the year.
“ith the rose, sBrandon {11) has followed the seasonal changes
in starch content of species, interspecific hybrids, and
varieties of rose to determine if gtarch content of the plant
were associate? with rooting of stem cuttings taken from such
vlants, and the time of yenr to take cuttings to obtain
optimum rooting responces.

Zach investigator has arbitrasrily set un for econvenlence
his own system of scoring for starch content, and seversl
(16), (23), (3) have used a numericsl system similar to that
employed herein. dtatisticsl trestment of the data was
applied in this work 80 that normal varistion of the material
could be estimated at any particular time of sampling
{ tnedecor (47) ).

The method used in sampling frr relative starch content
of rose bushes was by making a number of sectinns of rose
stocks which showed varying amounts of stesrch by the IXI test.

Thege sections were obtained from the stock portion of a
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number of plants exhibiting vurying stages of cane maturity.
Ten seetions were selected to represent a ransre in relative
gtarch content in 10 sarbitrary sradations, placed on a scale
from O to 10C, figure 2. The sections were made free hand
with a sharp straight edge razor from materisl killed by
boiling in 85 per cent alcohol. After stsining they were
mountes on glase slides in &0-5C alcohol-glycerin and with
cover zlasses sealed by parafiin to unuske semi-permanent
moun%s. The original materisl from which each of the ten
sectionsg was mude was held in 3& per cent alcohol and used
for new standard sections throughout the period of sampling
so that any changes in the standard could be detected.

figure 2 ghows cumers leucida drawing muade of all
gections except the 100 gradation, slince no section was found
georing thst high. Zeoring for relative starch content was
made separstely on bark (figure 2-.), which included all
tiasues exterior to the cambium { figure 2-3); wood, { figure
2-0) composed of xylem tissues from the cambium to the pith,
and the pith ( figure 2-D).

5 random sample of twenty plants was selected from each
lot of plante at each sampling period. Jegments sbout 1 inch
long were then taken of ench plant from the base of the canes,
from the mid-portion of the stocik, and from the rootas at their
Juncture with the stock. Jhe segments from the diflerent plant
parts were dropped into separate filasks containing 535 per cent
alcohol and boiled for 30 minutes in a water bath. after cool-

inz, the segments were ready for estimation of relstive starch
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samers .wucida drawings of cross sections of rose

8tocks that were used ns standards for comparison
in estimeting reintive gatarch c¢content by the IXI
method. {A), bark and cortex region, (L), wood
and {D), pith. (3) merely desipnates the position
9f the cembium in respect to the other tissues.
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content, which was made on the same day that the samples were
taken,

for estimating relgstive starch content a standard slide
was placed side by side with slides containing free hand
sections of the material being examined on the stage of &
microscope. By this method each section was matched to the
nearest corresponding standard using a magnification of 10.
In the beginning, 20 sections were made of each plant part,
but later there was found so little variability within a

particular segment that this number was redunced to 10.
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RESULTS

Preliminary Experiments with 3Sprays
Containing Growth Substances

1939~1940. Preliminsry trisls were conducted in the

1939 - 1940 storage season using the Texas grown Ami Quinard
plants previously deacrided. The plants were divided into
lots of three plants each and the growth substsnces previously
listed under Materials and Methods were sll (except tetralin-
6-acetamide, which was not then available) sprayed onto the
dormsnt plant tops in aqueouns solution nsing the following
concentrations of each compound applied to individusal lots,
«001, .0l and .08 per cent respectively. A number of the
compounds, such as a-nsphthylmethylacetate, a-naphthylethyl-
scetate, a-naphthaleneacetonitrile, indolepropionioc scid, as
well as the amides and the isoc and thiocyanates, have a
maximum solubility in water between 003 and .006 per cent,
in which case, this concentration was used.

The agqueous sprays were spplied on February 2, 1940 and
immediately thereafter the plants were set with roots in
sand in a propagation case in the greenhouse. Twelve days
later (Pebruary 14) the plants in all lots had started active
growth without any apparent offect on bud inhibition from any
concentration of the growth substances that were used.

The experiment waas then repeated using sprays of the
same compounds at 0,1 per cent concentration. This concen-

tration was obtained by emuleifying the desired amount of
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growth substance with a sufficient quantity of light machine
oil to make a final concentration of 1/4 per cent oil in the
sprays. The tops of two sets of plants were sprayed with the
different growth subatancesz on February 15, 1940, One set of
sprayed plants was then moved into the greenhouse, the other
into common storage.

After 6 days in the greenhouse, control lots sprayed
with oll-emulsion only were ashowing noticeable injury from
the 0il. However, by the end of 14 days, in spite of cane
injury from oil and from the high concentration of growth
substances used, 4i1fferences in time of bud opening were ob-
gserved between the controle and certain lots treated with
grosth subatance. This retardation of opening 414 not appear
to be 8 result of injury alone. FEeoords obtained mt the end
of 18 days in the greenhouse indicated that the following
compounds kad apparently inhibited the budg for at least
from 4 to 10 days; B-indoleacetic acid, B-indolebutyric acid,
S=indolepropionic mcid, a-naphthsleneacetic acid and the
ethyl and methyl esters as well as the Ha and X salts of
this acid, a-naphthaleneacetonitrile, 3-naphthoxyacetic
acid, a-naphthaleneacetamide, a-naphthylmethylthiocysnate,
a-paphthalenemethylisothiocyanste, phenylacetic mcid,
a~naphthalenethioacetamide and a-naphthalenepropionic acid.

The set of plants that were moved into common storage
after receiving the oil-emulsion growth substance sprays
also were injured by the oil contained in the gprasys. A%t

the relatively low tempersture maintained in common storage
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injury was slower in showing up, but by the end of 6C days
(April 22) of storage the plants were very severely damaged.
Records obtained st the end of 45 days of storage (April 7)
substantiated the greenhouse resunlts in that the same com-
pounde that had caused a delay in vegetative bud development
under greenhouse conditions also noticesbly retarded shoot
production in common atorage.

It was thought that perhaps the failure of the initial
teats with agueous solution of growth substances on bud
inhibition was dune to the use of too low & concentration of
growth substance. Fuarther, it wae felt that perhaps if the
growth substances had penetrated into the planta better, bud
inhibition may have been effected with these sprays.

In order to spply relatively high concentrations of
growth subastance a3 well as to cause better penetration into
the plants the following solvents in the concentration in-
dicated were used in making up sprays; ethyl alecohol 5, 10,
15 8né 20 per cent; acetone 1, 3, 5 and 7 per cent and dioxan
1/8, L/4, 1/2 and 1 per cent.

four growth sudbastances were tested a%t 0.1 and 0.2 per
cent. These compounds were B-indoleacetic acid, a-naphtha-
leneacetic acid, s-naphthylmethylacetate and a-naphthalene~
acetamide. In making up the sprsys a weighed amount of the
chemicnl was dissolved in a measured amount of solvent then
mized with sufficient water to bring both chemicsl and
golvent to the desired pesrcentages of esche The dormant plants

were spreyed on March 6, 1940, using three plants per lot of
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the Ami - uninard variety in eanch concentration of growth sub-
stance - solvent combination so that a total of 96 lots of
plants were used. The plsnts were set in sand in the green-
house immediately after the sprays were applied.

A in the previous trials with the agueous solutions,
results were again negative as far as bud inhibition was
concerned. The lower concentrations of growth substance -
solvent combination caused no apparent inhibition or injury
in ecomparison with unsprayed contirol lots while the higher
concentration of both growth substance snd =solvent causzed
conzideravle injury to both canes and vegetative buds,

#ailure of the 1/4 per cent oil - O.l per cent growth
subastance sprays applied on Februasry 14, 1940 was apparently
due to excessive 0il in the sprays which caused considersble
plant injury. The experiment was therefore repeated on
¥arch 27, 1940, using both oil and growth substance in lower
concentration. At the same time also, plants were sprayed
with emulsions of both lanolin and way containing growth
substance, in an effort to find a carrier for the growth
substance that would be non-toxic to dormant rose plants.

The sprays used in this experiment were msde up with
the following carrier emulsions, oil, 1/16 and 1/8 per cent:
lanolin, 1/8 nna 1/4 per cent, also two proprietary wax-
emuleions which are recommended for the waxing of nursery
stock. The waxes were applied at 1/4 and 1/8 per cent of the
prepared emulsion. All the emulsions were mixed in water and

further emulsified with OC.6 per cent a-naphthylmethylacetate.
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The asprays were applied on the adbove date using 10 plants
of the Guinee rose variety in each tremstment. Control plants
were sprayed with the carriers without growth substance added
while one set of plants was left unsprayed. JImmedintely after
the sprays were applied, & plants of esch lot were placed in
the greenhouse, the other 5 into cowmon storage.

At the end of 3 days in the greenhouse a stimulsting
effect on bud brsaking was noted on the control plants asprayed
with 1/18 per cent o1l and 1/4 per cent lanolin emulsions only.
“he unsprayed controls gtarted zrowth on the 6th day and by
the 1l4th day in the greenhouse had made consldersble growth,
having shootas from 4 to 10 finches in length. A very pronounced
inhibiting offect was apparent on all lots aprayed witk growth
regulating substance. These plants were Jjust starting visible
bud growth by April 10, 1940 (14 days after treatment). It
was apparent 8lso at this time that the coneccatration of
growth substance (0.5 per cent) was too strong, as the plants
in all lotas receiving it were showing some injury near the out
end of the canes. HNone o0f the carriere sppeared to be injuri-
ous in the concentrations used except the 1/4 per cent oil
which oruged a alight amount of cane injury in both sprayed

conitrols and growth subastance treatments.
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freliminary Hxperimenta with
Volatiligeé Growth 3Substaence

1959=1940, Zxperiments with the vapors of three com-

pounis, a-naphthylmethylagetate, a-naphthylethylacetate and
a-naphthylacetonitrile, showed much promise by their
effectivensss in inhibiting the vegetative buds on rose plants,

Preliminary experliments with volatilized growth substance
were begun on februsry 96, 1940, unsing Aml wuinard rose plants
gimilar to those used in the spraying experiments. Two sets
of plants were treated with vapors from 1, 5, 5 and L0 drops
of each of these three compounds using 10 plants for each
rate of application. In treating the plants each lot was
placed in a 20 gaiion container and the growth substance was
volatilized from a amsll watch glass by placing it on a hot
piece of metal at the bottom of the container. The con-
tainers (20 gallon refuse csans) were sealed 20 that the plants
were exposed to the growth substance vapors for 4 hours at
room temperature. Following treatment one set of plants was
placed in the greenhouse with roots in moist sand, the other
wag returned to common storage.

After 14 days it waa apparent from examineation of plants
in the greenhouse that the vapor from one drop (spproximately
556 milligrams) of each of the three prowth regulating substances
had caused bud inhibition without apparent plant injury. The
control planta st the end of the =2ame period had producsed an

averaze 0f 24.5 shoots per plant wvarying in length from i/2
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to 10 inches whereas the growth substance treated plants that
had received but ome drop of each compound were Just beginuing
active vegetative grovth at this time. Plants that had besen
treated w»ith 3, 5 and 10 drops of growth substance were also
inhibited in bud growth, but associsted with inhibition and
varying directly with it snd the concoatration was a pro-
gregsive increase in cane injury so that by the end of the

14 day period in the greenhouse plante treated with 10 drops
of each compound were completely killed.

The control plants that had been placed in common storage
directly after treatment did not begin active growth until
¥arch 20, 1940, or 22 days after treatment. 38y April 22 they
had produced sn average of 30.4 shoots per plant, while planis
treated with the vapor from one drop of both the esters and
the nitrile compound were completely dormsnt at this time.
Flants that had received 3, b and 1C drops of the growth sub-
stance and held in common storage had by this date developed
severely injured ocasnes but injury not 80 severe as that on
the greenhousae plants.

On the basis of these preliminary experiments it was
evident that certain chemicsle were very effective in inhibit-
ing shoot growth when spplied in the vaporized form and
suggested that with carseful attention to concentration and to
other details of application these compounds might be of use
in inhibiting shoot growth of dormant rose bushes held in
common storage.

The experiments of Zimmerman and Hitoheook (66) indicated
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that under greenhouse temperature conditions sufficlent
volatilization of a-naphthylmethylacetate will take place to
causs growth curveture responses on herbaceous plants without
the application of additionsl heat to cause rapid vaporizs-
tion of this compound. The rate of volatilization under the
relatively low common storage temperatures would be very slow
in comparison with normelly high greenhouse temperatures.
FPorty Guinee rose plants were therefore used to determine
if slow continuous volatilization of growth substance would
cause bud inhibition with plants in common storage. The ex~
periment was started on Msrch 27, 1940. Two lots of twenty
plants each were placed in separate 20 gallon refuse cans
having tight fitting l1ids. One drop of a-nephthylmethyl-
acetate absorbed on a piece of paper toweling was suspended
1l foot above the plants in a3 oan. Planta in another can
served aa the controls. The cans were then sesled and placed
gide by side in common storage. When the cans were opened on
April 15 (19 daym after treatment) the control plants had
produced an average of 9.3 shoots per plant varying in length
from 1 to 12 inches whereas the plants exposed to the growth
substance vapors were completely dormant. Ten plants were
removed from each can at thia time with the etiolated shoots
removed from the controls and placed in the greenhouse for
observation while the remaining 10 plents were left in common
storage after resealing the cans but without adding more
growth substance to the toweling. After 16 days (May 1, 1940)

in the greenhouse both control and treated lots of plants had
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made vigorous growth, and were very similar in appearance.
Ho evidence of plant injury that could be attributed to the
growth subatance treatment was found.

The remaining plants that had been left in common storage
wore removed from the cans on May 1, 1940. Differences in
response of typical control and treated plants are shown in
the photographe (figure 3). It is apparent that the plants
treated with growth subatance were Jjust starting sctive
growth 8t this time whereas the control plants had produced
long etiolated shoots. It ie of interest also that mold
growth was mpparently inhibited by the growth substance vapors.
This suppression in mold growth may have been dune to a better
callousing of the out surfasces shown in the treated lot or to
8 direct inhibiting action on mold growth by the vapor treat-

ment.
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Comparison of 3prays and Vapors of
Growth Hegulating Substances on
Inhibiting of Bud Growth of Rose
and Miscellaneous liarsery itock

1939-1940. lHurserymen often place plants of specles

widely different in plant characters in the seme common
storage with rose bushes. It seemed desirable to know what
effect these growth substances would have on such plants,
and 1f it would be necessary to remove them when treating
with gases to prolong the dormant period of roses.

An experiment was set up to obtain information on this
point on March 27, 1940. At the game time the plants were
80 srranged as to give information relative to the effective~
ness 0f treatment at different digtances between the plants
and the gas source during the treastment period.

The plants used are listes? in table 2. For the most
part they were selected &8s being representative of 1 year
fruit trees of apple, pench, pear snnd cherry that are
commonly atored as well ss several types of deciduosus
ornamental plants that may be held for brief periods in
common storsge houses. All plants were« dormant when the ex-
periment ﬁas 3¢t up on March 27 and for comparative purposes
plants o0f the Guinee rose were included in the experiment.
Sonditions were representative of those encountered when
plants are held by the nursexryman for lste shipment, or as
in the eage with mpple root grafta, when sessonal conditions

pravent earlier planting in the field.
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Hean Humber of Shoots Growing on seversl Ulant
ipecles Eeld in Common 3torage soliowing JVrest-
ment with Crowth substance” in Uil-Zmulsion
sprags and az Volatilized Gas. 4Also Lffect of
rlacing Plants at Different Listances from the
Gms Jource vuring the Ireatment Interval.
Treated March 27, 1940. Record of May 1, 1940.

Mean No. shoots per plant

! |
Variety |No. plants

[ |
~ | Control | Spray |
Species Common Name |oer | Lot Lot Volatilized Gas Lots | Remarks
{treatment | i i | - T
{ i 4 Teet**| 8 Feet| 12 Fegﬁl 16 Feet
| Japanese I T
palnatum | maple | 10 1 22.7 5.4 2.4 5.0 1.7 20.5 No avoarent injury.
| |
Amygdalus Peach | | | Severe injury in
persica seedlings 10 j 29.1 j O 0 0.8 | 16.5 22.6 sorayed lots.
| | i
Amygdalus ,Elberta l
persica l-year trees | 10 * 13.4 0 0 0.3 ' g.8 l 10.1 ] "
| i [
Diospyros Bative [ l !
virginiana seedlings | 10 ‘ 3.2 o] 0 0 ) 0.2 2.6 | No acrnarent injury.
f
Philadelohus | Mockorange | l
grandiflorus | 10 19.5 0 0.2 1.9 5.3 8.5 | "
[ |
| Montmorency | Slight injury in
cerasus | cherry | 10 12.8 2.4 0.5 4.2 6.6 10.5 sprayed lots
| | |
| Japanese Flower-| | Roots formed on stems
serrulata | ing cherry | 10 2.4 0 | o 2.2 | 2.7 26.6 of sprayed lots.
| Pear I | |
| &EB5%, Bartlett .
communi s | 1-year trees 10 5.6 [o} 0 0 1.9 4.6 No apnarent injury
| |
| 4pole, N. Spy | |
sylvestris ‘ l-year trees ‘ 10 { 8.7 | o o] 1.k k.7 6.8 "
I ! |
| Apole, Dellc- ) |
sylvestris I ious (gzrafts) 50 2.1 o] (o] o] 0.4 1.2 "
Rosa sp. Guinee rose Slight injury in
I variety 20 10.3 o} [o] (o} 2.8 9.0 sorayed lots

x* kK

= 0.01% growth substance in 1/4% oil.
0.5 gram growth substance volatilized
oer 1000 cubic feet 16 hrs, at 70°F,

* Growth substince = a-naphthylmethylacetate. Spray
Gas =

Distance from the gas source.
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In treating with guas, a tight common storage room of
28,000 cubic feet capacity was used. A-naphthylmethylacetate
a8t the rate of 0.8 gram per 1l0CQC cubic feet was volatilized
for 16 hours. sor comparative purposes a set of plants wsas
sprayed with an oil-emulsion spray containing 1/4 per cent
light machine oil sand 0.0l per cent o1 the same growth sube-
stunce., The sprayed lot and s control lot were removed from
the storage during the period of gaas treatment,

The growth substance wns volatized on a hot plate placed
at one end of the room. One get of each of the plants listed
in table 2 had been grouped on the floor at a distance of
4, 3, 12 and 16 feet from the gas source. A4 large ventilating
fan 20 inches in dismeter provided a brisk circulation of air
over the hot plate in the direction of the plants throughout
the treatment period.

The extent of vepgetative growth found on the plants after
common storage for 36 days is shown in table 2. The control
plants showed considerable growth of vegetative buds during
this period, many hsving produced shoots 4 to 10 inches in
length., 1t 13 of interest that both spray and gsseous
applicatlion of growth substance were about ecual in effective-
ness in inhibiting vegetuative buds on the wide variety of
plants used.

The data {table 2) show that the volatilized growth sub-
stances had apparently condensed onto surfsces nearest its
source, even though it had been volatilized into & rapidly

moving stream of air provided by the large fan that was used.
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Bffective inhibition of buds was obtained with plants placed
4 foet distant from the gaa source, and the slightly greaster
number of shoots produced on the plants at 8 feet wouléd not
be significantly more than those set at 4 feet. However, at
a distance of 12 f£:9% the effectiveness of the growth sub-
atance on bud inhibition wa® unquestionably reduced, while
plants placed at s distance of 16 foet from the gas asource
during the treatment periscd were very similar to the un-
treated controls in the number of shootz that subsequently
developed in gommon storage.

The different plant species d4id not reepond aiike in all
cagses t0 a particular growth substance trestment. Complete
dormancy was maintained in all the specles used except icer

palmatum, rhiiladslphus grandiflorus and lontmorency cherry

whioch showed a few vegetative buds, which were in all in-
stances much fewer in number per plasnt than on the controls
( figures 4 and B).

Injury from either the oil or growth substance wasg
severe in the sprsyed lots of peach (both seedling and
Zlberta) and Montmorency cherry. Since the gas trested lots
d4id not show the injury, it may be asasumed that it was either
caused by the oil or o0il had contributed in some way to its

mani festation. The plants of Prunus gerrulata, perhaps as s

result of penetration of growth substance in oil, showed
swellings and root development throughont the entire stem
portion of sprayed plantas. This response in root production

wag alaso noted in certain lots of treated rose bushes (figure 8.
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The possibility of using this method of pretreating prior
to taking dormant stem cuttings of roses and other plants
a8 an aid in rooting such outtings is suggested.

3ubsequent to storage the treated plants were lined out
in the field. 3easonal conditions were very favorable for
transplanting even at this late date (May 2). A4ll the plants
lived with the exception of the spray injured lots of peach
and the control lots of Delicious apple root grafts. With
all growth regulsting subatanoce treatments dormancy was
maeintained from 1 to 2 weeks longer, after transplanting,
than comparable control lots of each species. This initial
delay in top growth may be of benefit {n a less favorable
season for transplanting of nursery stock, since it would
allow a8 perlod for root development to taks place before the
top began to draw on soil moiasture.

The Delicious apple root grafts, illustrated in figures
7 and 8, were the only material to show a pronounced benefit
from growth substance in percentage survival. The percentage
of grafts that lived of the fifty planted in each lot was as
followa: control, 74 per cent; sprayed, 80 per cent; gased,
100 per cent. At the end of the growing season, no aignifi-
cant difference was found in the amount of top growth that
the grafts had made in each lot. Scion rooting had not taken
place in the first yesr, as reported by Jones (30) with growth
subatance applied in lanolin emulsion to grafts of the
Virginia c¢radb variety.

4 repetition of this work with root grafts of Starking
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