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Bomm bus!ies constitute the greatest percentage of all 
nursery stock that Is stored in common storage, they present 
a real problem to the nurseryman, since their dormancy 
apparently is more readily broken by brief exposures to high 
temperature than other nursery materiel. In some years, when 
it is difficult to lower the temperature within common 
storage houses early in the winter, the bushee start shoot 
growth in December, malting them difficult to handle properly 
throughout the storage period. Spring temperaturea are also 
of considerable influence. If high outside air temperatures 
occur in late winter, the temperature within the common 
storage house also rises and thereby shortens the period that 
rose bushes can be held safely without excessive shoot pro
duction taking place.

The etiolated shoots that grow on rose bushes in common 
storage are objectionable from two standpoints. ifirst, they 
must be removed from the plants soon after they develop, 
since they are very susceptible to destruction by molds and 
other organisms, some of which, beginning on the new shoots, 
will grow back into the older canes and. may ultimately destroy 
most of the plant tops. Second, much of the stored food re
serves contained in the plants are used up in producing the 
etiolated shoots and consequently are lost from the plants 
upon their removal. Many hone gardeners have been discouraged
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from growing rose bushes due to the poor success the.7 have 
had with apparently excellent bushes, which in reality were 
plants of low vigor, because shoot production in storage had 
depleted the stored food reserves of the plants*

4 solution of the dormancy problem ox* stored rose bushes 
would appear to com© from three sources; first, education of 
the buying public to make their rose plantings as early as 
possible and thus avoid a long storage period; second, the 
use of artificial cold storage facilities which would un
doubtedly solve much of the difficulty since the plants could 
be held at a sufficiently low and uniform temperature that 
shoot growth would be inhibited; third, improvement in the 
construction and operation of the common storage house, as 
well as improvement In methods of handling the plants* The 
discovery in recent years of the inhibiting effect of certain 
chemicsi compounds on bud growth when applied to plants 
suggested the possibility that these materials might be used 
to prevent shoot growth on rose bushes while in common storage* 
The work reported herein deals with experiments that were 
undertaken to determine if these chemical compounds, commonly 
referred to a* growth regale ting substances, oould be used to 
inhibit shoot production on rose bushes when they are held in 
common storage*
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The literature concerned Kith growth substonnes end their 
effects on plant growth ana development has expanded rapidly 
in recent years* Although meet of the available references on 
growth substances hair# been consulted, only those that seen to 
hare airect bearing on the present problem under consideration 
hare been selected for this review* Several publications (4, 
10*6s,63,£9,SO) are available for those who wish a more com* 
prehenslve review of the literature on growth substances and 
the various plant responses that have been obtained.

-Apical dominancef* or the natural inhibition of lateral 
buds fey the uppermost feud on plants has caused much speculation 
and experimentation over a long period. 0oefe@l (ZZ) in 1900 
concluded after studies on the seedlings of walnut that the 
depletion of terminal feud food reserves contained In the 
cotyledons would account for any suppression of the lateral 
feuds, feoefe (34) also held to a somewhat similar view after 
experiments with Bryopfeyllum stem cuttings of varying lengths. 
The amount of shoot production on this plant material appeared 
to fee directly proportional to the length of cutting.

Considerable experimental evidence has accumulated in 
support of the theory that a feud inhibiting substance Is formed 
in plants. Pfsffer (40) as early as 1903 suggested that since 
many dormant lateral feuds contained adequate food reserves for 
growth, their suppression was caused by some other factor than
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food alone. Applenan (1,2) after extensive studies with the 
potato concluded that the apical hud must produce a growth 
substance that inhibits development of other buds. He found 
that if tubers were left intact their apical Trad showed 
greatest development, whereas, upon division, the eye on each 
piece grew as though it were an apical bud* Cortical inci* 
alone mad© between the buds caused the earn© response as with 
separated piece®. Apical dominance appeared to be overcome 
when intact tubers were infected with the 4spindle sprout"1 
disease. More recently Outhrie i?A) and Sisssserman and 
Hitchcock (65) found that all the buds of potato tubers could 
be inhibited by solutions and vapors of laboratory synthesized 
growth substances, and in a manner very similar to inhibition 
by apical buda.

Mb indicated by Applemtm (2) the growth inhibiting sub* 
stance appeared to move within the cortical region only.
Harvey (28 5 confirmed this by killing m narrow region on the 
stems of bean plants with steam, which resulted in development 
of dormant lateral buds below the killed area, in much the 
manner that an incision above these buds affects their growth. 
xh@ growth inhibiting substance apparently could not move 
through dead tissue* Reed and Halma {41) earlier had shown 
that an incision mad® above a dormant lateral bud of citrus 
trees would cause the bud to grow out, sine© the incision 
apparently interfered with the movement of inhibiting sub* 
stances from the apical bud. Cooper (14,15) working with 
citrus cuttings, found that ringing the cuttings after treat*
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ing the top with synthesised growth substance prevented move
ment of such substances to the base, as indicated by the 
influence on rooting*

Went (58) and Thimmtm $53) both credit Snow ( 48} for 
first showing that bud inhibition is caused by a definite sub* 
stance contained In plants* Snow made longitudinal elite in 
bean seedlings so that they were halved. After binding such 
seedlings tightly together it was found that some substancem 
passed through the slit ©one and caused bud inhibition on the 
side opposite that carrying the apical bud* fhlmami and Skoog 
(46,54,55) later presented data to show that extracts of 
growth substances from plants, sa well as the synthetic) com* 
pounds, would inhibit buds of Ticfa faba.

The similarity in plant response that has been found with 
extracts of living material and with the pure synthesised 
growth substances has b@en reported by a number of workers end 
with widely different plants and various responses. In the 
case of gall formation on plants, Brown and Gardner (IS) have 
shown that galls produced on bean plants by extracts of a 
culture of Baoterium tomefoe lens and those resulting from 
treatment with indoleacetic acid appear to be very much alike. 
Detailed histological studies by Kraus, Brown and Bonner (S£) 
on the development of such galls further provide© evidence 
that living cells can produce substances that resemble in 
action the pure synthesised growth substancea* later work by 
Mitchell and Banner (3?) on bean and by lamner (g?) on 
Mirabilis indicated that the formation of galls is primarily
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determined by the concentration of the growth substance that 
i® in contact with the plant cells. Additional evidence may 
he found in the literature on parthenocarpy induced by pollen 
extracts from a -wide variety of plants as compared with that 
induced by a number of pure growth substances* (1$ #25c£6#62).

On the basis of the work reviewed thus far* it would 
appear logical to suspect that a synthetic growth substance 
or substances could be found that would successfully inhibit 
the vegetative buds on rose bushes in common storage, fhis 
would appear to be especially true since Omthri# (24) has 
already reported complete inhibition of sprout formation on 
potato tubers by the use of growth substance. However, 
Oathrle applied his treatments and held the treated tubers at 
25° to 00° Centigrade which is considerably higher than the 
temperature encountered in common storage houses used for 
storing rose bushes*

fhe mechanism by which growth substances operate in in
hibiting vegetative growth of plants is still not definitely 
known. fhiaann (6-35 has presented m critical review of the 
various physiological theories of bud inhibition by naturally 
occurring growth substances that have been proposed up to 
1938* fhe fact that growth substance® either naturally 
occurring or synthetic do not always inhibit vegetative buds* 
but may under some conditions cause m stimulation, as shown 
by the work of Bennett sad Skoog (7) and that by fegis (675, 
further complicate® any theoretical explanations that may be 
mad# •
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Disagreement also appears in the rather United amount 
of literature in connection with the inhibiting effect of 
growth substances on the opening of flower buds* The work 
has been largely don# with peach, to determine if growth sub
stances applied to unopened blossoms would delay their 
opening until danger from frost injury is past.

Winklepl#©k {61} reported in 1939 that naphthaleneacetic 
acid applied to the branches of dormant peach trees in aqaeons 
sprays at the rate of lg5 milligrams per liter caused a delay 
of eleven days la blossom opening* fhe sprays were applied 
Just prior to blossoming time, and the delay was measured by 
comparing the sprayed trees with comparable unsprayed trees. 
Winklepleek found that the blossoms that developed on growth 
substance sprayed trees had. smaller petals* f he retarding 
effect on the flower opening also carried over Into the 
developing fruits which matured at a slower rate than fruit© 
on the unsprayed trees. flhe ultimate size of fruits on 
sprayed and unsprayed trees, however, was the same.

Mitchell and Cullinan {361 after conducting ear tensive 
greenhouse and field experiments over a two year period con
cluded that no retarding effect on the opening of flowers of 
either the Alberta or Belle peach varieties resulted from 
spray application containing any one of four growth substances, 
fhey used naphthaleneacetlc acid, naphthaleneacetsml&e, 
indolencetic acid and indolebutyrle acid at varying rates of 
11, 30, 50, 300 and 600 milligrams per liter in water alone, 
in lanoIin-emu1ston and in oil-emulsion. Baphthaleneacetie
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said caused all earlier opening of greater numbers of floral 
buds on detached branches of hoth peach varieties# Haphthalene- 
aeetamide bad a similar effect; on the floral buds of Belle but 
not on SXberta flower bade* Indolencetie and Indole butyric 
acid emulsions had no effect when applied once* Wiwn the 
applications wmr® repeated on Belle a greater number of 
flower buds wa&i induced to open* fhe vegetative buds of peacht 
however * were retarded by growth substance applications* 
Mitchell and Callinan concluded from their worfc that growth 
substances are ineffective in retarding the blooming date of 
peaches and under certain conditions may cause an earlier 
blossoming* fhey also included branches of £ieffer pear in 
testa similar to those conducted with peach* fh© flower buds 
of pear were not hastened in opening and when repeated sprays 
with high concentration were used the growth substance caused 
injury*

Mm oh evidence has appeared in the literature which in
dicated that Indoleacetic acid as well as other growth 
substances applied to plants and isolated plant parts causes 
a mobilization of nitrogen* carbohydrates and other substances 
to the treated region (lHv3fe,50,$l).

Oooper <14 3 found that cutting off the bases of leafless 
woody cuttings soon after they were treated with growth sub
stance removed some material that caused roots to form* He 
caller? this substance rizooallne. Stuart and Marth (50} found 
that Indolebutyrlc acid caused an accumulation of more sugars 
in the stems of Ilex opaoa cuttings Just prior to root
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emergence than with similar untreated cuttings. Schneider (44) 
has reported that sugars are essential for auxin activity in 
plants. Stuart (61) later discovered that indolencetic acid 
also caused a rapid mobilisation of nitrogen as well as carbo
hydrates from the leaves and cotyledons to the bases of treated 
bean cuttings. A recent paper by Bomk (18) with Jorsythta 
cuttings treated with naphthaleneaeetlo acid confirms Stuart’s 
(61) finding with bean cuttings.

Prior to the discovery end isolation of pure growth sub
stance, early work by Schrader (46) and by Held (42) with 
cuttings of tomato has shown that high carbohydrate content 
plus a relatively low soluble nitrogen content favored root 
formation.

The experimental evidence obtained with cuttings appears 
to Indicate that growth substances act on the food reserves 
of the plant and bring about directional changes in it® move
ment. Cooper’s (14) work suggests also that a specific, 
naturally occurring, substance which regulate® root formation 
may also be affected by growth substance applications. How
ever, the amount of food reserves that had been mobilised and 
lost when he removed the bases of his cuttings would appear 
to be a factor in any interpretation of his results.

I1 he mode of action by which growth substances cause 
changes in the food reserves of plants has been greatly 
clarified by the recent work of Mitchell, Kraus and Whitehead 
(38). In experiments with intact kidney bean plant® they 
found that a-nephtheleneaeetie acid in lenolin-emulslon sprayed
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onto the leaves of plants caused a very marked acceleration 
in tli® rate of starch hydrolysis* apparently the growth sub* 
stance greatly affected enzyme activity. In later experiments, 
Mitchell and Whitehead I 39) found that naphthaleneac e tami de 
had no effect on ataroh hydrolysis and that phenylseetie acid 
had very little, whereas indoleaoetic, naphthalenes®®tic, 
indolebutyrio, indole propionic, and naphthoxy&eetic aoids were 
very effective in increasing the rate of starch hydrolysis. 
Temperature was found also of considerable importance la the 
action of growth substancea on starch digestion. Greatest 
enzyme activity was found between 74° and 76° Fahrenheit, 
leaves kept at 68° to 64° Fahrenheit and at 90° to 92° 
Fahrenheit were not affected by growth substance at these low 
and high temperatnr©s.

For the most part, application of growth substances to 
plants has been by aqueous sprays or in lanolin paste.
Guthrie (34) and Timmerman and Hitchcock (66) appear to be the 
first to report the use of growth substances In the form of 
vapors applied to plants* These authors found that out of 54 
physiologically active substances tested 88 were effective 
when applied as a vapor* In general the substances that were 
active as growth substances In the vapor state were found sraoh 
mor© affective when applied in this way than when applied in 
lanolin past®. Several compounds that were not active at all 
when applied in lanolin, caused considerable epinasty of 
tomato when applied, in vapor fora.

In a later paper Timmerman and Hitchcock (67) have



reported that on® of the compounds. B-naohthoxyace 11 o acid 
applied to plants In aqueous sprays, caused considerable
alteration In the character1stio venution pattern and form 
of the leaves of tomato, hibiscus, mimosa, artichoke, Paris 
daisy, tobacco and marigold* Apparently these authors be
lieve that the responses obtained were not due to -changes in 
chromosome number but were dm© entirely to morphological 
changes in cellular arrangement within the affected plants* 
Bausor, Kelnhert and lice {6 ) have also found that this com
pound will cause histological changes in the tomato*

Qreenl&sf (23), Levan (33). and Dermen (17) present 
evidence which show that growth ambstances mmy cause changes 
in the number of chromosomes normally occurring in certain 
plants* Greenleaf decapitated young tobacco plants and re
moved all lateral bade* After applying lndole&eetic acid 
pasta to the cut surface, callous tissue developed, and from 
it, shoots were produced some of which were tetraplold while 
others were ootoplold.

Levan (33) found that a-naphthaleneaeetio and indole- 
butyric acids were effective in inducing polyploidy in the 
roots of S species of onion (Allium oepa and Allium flatulpaum) 
whereas phenylseetie and phenylpropicnic acids were not effec
tive. The growth substances that caused polyploidy did not 
appear to affect the dividing ceils in the raeristem®tie region 
of the growing point, but caused the development of abnormally 
large cells in slightly older tissues* The chromosomes were 
doubled in number from 32 to 64 in these large cells. Levan
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Levan believed that the action of growth substances on the 
polyploidy obtained was different from the action of 
colchicine. According to Levan, colchicine affects only 
cellular divisions in the active aerlstematio regions and does 
not affect the more or less mature cells with resting nuclei 
outside of the me 2*1 sterna tic regions.

Permen (17) treated the stems of young intact bean seed
lings with a 0.25 per cent naphthaleneacetic acid lanolin 
paste and produced tumerlifce callous proliferation from which 
roots developed. Upon sectioning this material he found that 
.... "Polyploidy was present in the following parenchymatous 
regions: cortex, endodermal region, phloem, medullary rays 
and pith of the stem; cortex and endodermal region of the 
root prisBor&ia; and rarely in the central region bach of the 
growing point. Bo polyploidy ceils were observed in the 
eambiaL region of the stem and the prooambial region of the 
root prlmordia.... ' Demen concludes fro® his observations 
that growth substance treatment may cause partial polyploidy 
in some plants, resulting in m mixture of diploid and poly
ploid tissues.



Common Storage

throughout the experiments the mmm common storage house 
was used in storing the experimental lots. Briefly, this 
house m s  of concrete block construction, and the house Itself 
was set in the side of a hill so that the side and book walls 
of the storage room were below ground level* Jhe gable roof 
was above ground and lined with "'Celotex1* fiber board on the 
Inside of the rafters, and the ©eillng of the storage room 
was about at ground level and constructed of a layer of 
‘'Celotcx* overlaid with tongue and groove sheathing, This 
created a large and a small "Mead'’ air space between the in- 
side of the storage room celling and the outside of the bouse. 
Ih© storage room was of 88,000 cubic feet capacity and was 
provided with six boxed-in ventilating openings. These 
openings were 13 inches square, two extended from Inside the 
ceiling to 4 feet above the gable of the roof, and four 
ventilators, one at each corner of the room, extended from 
two feet above the floor to roof level near the ©aves. Then 
open, the four corner ventilators allowed o d d  air to set tie 
into the room, and the centrally located ceiling ventilators 
permitted the ©scape of warm air* The only other opening 
was a double door in the concrete block front wall of the 
room through which material could be shifted in and out of
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common s to rag®.
The floor of the storage room consisted of packed ©lay 

soil covered with two Inches of fine sand. Th® sand was kept 
moist throughout the storage period. Belstive humidity records 
obtained on the same chart with temperature shows a. that at no 
time did the relative humidity drop below 90 per ©eat while 
the storage w&& operating.

A weekly recording thermograph was used In the storage 
room continuously during the storage season* In order to 
show the temperatures encountered during the common storage 
experiments, the weekly mean temperatures were calculated 
from the thermograph charts.

Cold 3torage

In experiments where ©old storage was used for compari
son with common storage, a small room 11200 cubic feet)

4 *artificially controlled at 32 - 1 Fahrenheit was available, 
tfhe relative humidity within this room was unquestionably 
much lower than that in the common storage. Moistened pest 
and sand mixture covered the plant roots so that the plants 
did not become dry at any time during 32° cold storage•
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Bos© Plant Material

1939 * 1940 Plants. Sim® very little work hat been 
reported previously on the effect of growth substances on bud 
Inhibition with material other than herbaceous cuttings, the 
work in this aeaeon was largely of an exploratory nature, for 
the purpose of tasting a large number of compounds as well mm 
various methods of applying them, 1000, one year old rose 
boshes of the Ami ^.uinard variety were used. The plants were 
#1 grade; 'farea grown, budded on Boss multi flora rooted stem 
catting stocks.

Ih@ Texas plants were utilised in exploratory experiments, 
with 3 to 0 plants per treatment. As will be noted later many 
of theae trial® yielded negative results, but some showed 
promts© of delaying bud growth. In order to further verify 
some of these initial trials, two lots of plants were obtained. 
One consisted Of 500 plants of the Guinea rambler variety, the 
other consisted of 350 plants of the Radiance variety, these 
plants were Eastern grown and were ?/l grad® budded onto Bonm 
maltIflora seedling stock®.

the plant® were secured on March 26, 1940, and the 
varieties selected were among the few remaining in common 
storage that were dormant and available at this late date.

1940,* 1941 Plant®. A lot consisting of 3£00 bushes of 
Ami Aninard roses was available for the storage experiments 
on January 3, 1941. The plants, like those used in the pre
vious year, were fexas grown #1 grad®, on© year old budded on



Eos a multi flora rented stem cuttings. for the most part the 
plants had stopped vegetative growth when dug in the nursery 
and were of a better stage of maturity for storage than those 
received the previous year from the same nursery. The plants 
were earefully worked over when received from the nursery and 
war© graded further for uniformity, and mil broken and weak 
canes were removed. At this time also, plants that were 
immature, as indicated by a sappy appearance of the oanes and 
presence of foliage, were separated. After grading and prun
ing, the plants were stored in ricks in common storage with 
roots packed in molat peat.

In order to determine how much variability existed among 
the plants that were to fe© used in the storage tests, a random 
sample of 40 plants was taken, potted up in composted soil in 
6 inch pots and placed In an enclosed case in the greenhouse. 
Thm plants were arranged in 20 pairs and were examined at the 
same time each successive day for the first visible sign of 
bud breaking. "The first plant of each pair to break bud was 
placed In group A. the other plant in group B. The complete 
results are shown in table 1.

It ia apparent in table 1 that the plants varied markedly, 
requiring from 6 to 14 days to show visible bud breaking. .Bom© 
of this variability may have been due to differences in ex
posure to drying conditions either in handling the plants prior 
to shipment or to position within the box during shipment, 
ferkes aad Gardner (64) have shown that the percentage of 
moisture contained in the packing material as wall as in th©



VARIABILITY OF AMI QUINARD ROSE BUSHES AS INDICATED BY NUMBER 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 hue an import fin t bearing on the production 
of shoots on rose bushes in storage* Examination by the 
author of m a y  thousands of rose bushes which had been held 
in commercial common storage houses for several months 
indicated that during the storage period the high moisture 
content of the packing material and air surrounding the plants 
may tend to reduce variability in shoot production, due to 
differences in moisture content of the plants. The ricks of 
plants of a particular variety appeared to be very uniform in 
shoot length and number per plant* Unfortunately, however* 
no data were secured to establish this point, end in order to 
provide m measure of safety for securing reliable results of 
this study, when it was possible to do so, a minimum of SO 
plants was used in each treatment*

In addition to the above mentioned lot of ‘lex a a grown 
plants, other lots were obtained from Eastern nurseries, con
sisting of 100 bushes each of the following 15 varieties of 
rose: Ami mln&rd, Ghatillon, Daquesaa de Fenaranda, Editor
tic Pari and, Edith Ilelile Perkins, Etlole de Holland, Girona, 
Golden Dawn, Guinea, Margaret iieGredy, Paulsen* a Yellow, 
Radiance, Radio, Ramon Bach, and Topes. These varieties were 
selected to include those that tended to grow shoots profusely 
in storage as well as those that were not so troublesome in 
this connection. These varieties are included in the variety 
dormancy ratings shown in table 9 *

Vthen the plants were set up in experimental lots for 
treatment, the roots were packed in moist peat and sand, in
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paper lined 1/2 bushel basket3* Particular attention was 
given to prevent the plants from losing exoass boIstare*



Blast Materials *?«©& Other ttmn Boo©

Although the experiments war® concern©d mostly with 
th© effects of growth substesees on shoot production of rose 
bushes, a number of plants representative of species other 
than Kosa were Included to find out if they would he adversely 
affected by the treatments with volatilised growth substances 
applied to rose bushes within the same room, frequently the 
common storage rooms are built fairly large and often contain 
large quantities of a variety of nursery stock. If the treat
ment seriously affected this other material It would have to 
be removed before treating the roses with volatilised growth 
substances.

The plants that were included in the test along with 
roses were as follows: Acer palaatuEi. Japanese maple, 30
two-year seedlings; Amygdala® poraloa, Carolina !*BaturulJ* 
peach, BO one-year seedlings, and 30 Siberia variety peach, 
one-year trees; Dioapyroa vlrgl.nlana, native persimmon, SO 
one-year seedlings; Malua eylveetria. Sorthern Spy apple 
variety, 30 one-year trees; also Delicious apple, 150 newly- 
made piece root grafts; ffhila&elphus grand!fioru®. oekorange, 
30 three-year old transplants; 'Srunnm oerssns, Montmorency 
cherry variety, 30 one year old trees; Brnnua serrulate. 
Japanese flowering cherry, 30 one-year seedling®. Also in
cluded for comparative purposes were SO one-year bashes of 
Quine© variety of rose.

All the above plants were grown in the experimental



nursery of the U. S. Horticultural Station at Beltaville 
except the Guinea rose hushes, which were procured from 
Eastern nurseryman*



Growth Substances and Methods of Applying

fhe following compounds have been reported to cause 
growth responses, such as rooting, curvatures, and other 
effects on bud growth: B-indolc&cetie acid, B~indolebutyric
acid; B-in&alepropionic acid; a-naphthaleneaoetic acid; 
a-naphthylmethylacetic; a-naphthyiethylacetate; H-naphthalene- 
aeetate; ha-naphthaleneaeet&te; ^H4~naphthalen©acetst©; 
a-naphthaleneacetonitrile; a-naphthalenepropionio acid; 
Na-naphthoi{ 4}aulphonate; a-naphthaleneacetamide; a-nsphtha- 
ienethioacetamide; a-naphthaleneisothioacetamide; a-naphtha- 
leneoxyacetie acid; B-naphthaleneoxyacetic acid; 
a-aapht hy I c q ©  thy 11 hi oo yanat ©; a-iuapht hy 1 me thyli so t hi ooyana t ©; 
a-methylnaphthalene; tetralin-6-aeetamide and acena pht hart©.

Many ox these growth substances have a very low 
solubility in water. However, in preliminary trials they 
were all used at their maximum solubility in aqueous solution 
sprayed on dormant plants. Although several compounds showed 
a noticeable effect in delaying bud breaking when applied in 
this way, adequate control was not obtained with any compound* 
Other solvents and carriers were then tried, such as varying 
percentage of from 5 to 20 per cent ethyl alcohol, dioxan, 
acetone, lanoiin-emulslon, 1/4 and 1/8 per cent light oii- 
emulsion, as well as two proprietary wax-emulsions frequently 
used in waxing rose plants commercially* Of these carriers 
the wax-emulsions proved to be most satisfactory, for not 
only could the growth substances be used in higher concentra-
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tlon than in water alone* hut the emulsion appeared to toe 
less toxic to the plants than with the alcohols ana other 
solvents used. CJones and Bichey (31) hare reported that 
wax ""emulsions could toe applied with safety to young tomato 
plants.) iterther, they had the effect of holding the growth 
substance on the canes for a longer period* which resulted 
in an increased effectiveness of a given concentration of 
growth substance over the same concentration sprayed in water 
only. In spraying large lots of plants a small, electrically 
operated, pint capacity paint sprayer was used. 7his type 
of sprayer produced a smooth uni fora film with better spray 
coverage than obtained with several types of hand sprayers.

fhe esters of a-nsphthalenescetle acid, namely, 
a~naphthyliaethylao@tst® and a-na pht hyletl\yl acetate are liquids 
which volatilise readily on heating and the fumes of those 
compounds were used in treating plants by the vapor method. 
Another compound a-naphthaleneacetonitrile, also liquid, was 
used in the same manner.

In applying the gases it was essential to have air tight 
rooms or containers to prevent the gases from escaping, also 
to provide heating equipment within such rooms or containers 
to volatilize the liquid growth substances and a fan to 
develop an equal distribution throughout the chamber, fhus 
treatments were applied in m common nursery storage room of
28,000 cubic feet, in a small stock room of 1000 cubic feet 
capacity, with openings sealed with putty; in 20 gallon refuse 
cans having tight fitting lids sealed with adhesive tape; in
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a double thickness paper-lined tongue and grooved wooden 
chamber of 400 cubic feet capacity, used for cyanide fumiga
tion; in large, ground glass bottom, bell Jars with a. B inch 
diameter opening in the top; also in the chamber illustrated 
In figure 1 which was constructed of two 50 gallon drums 
welded end-to-end and with a water sealed lid. In all cases 
the exact capacity of the chamber was known so that the con
centration of growth substance could be reported for a 
comparable chamber of 1000 cubic feet capacity• In the very 
small chambers, where low concentration of gas, requiring 
only a fraction of a drop of growth substance, a quantity of 
convenient weight of compound wag first dissolved in absolute 
alcohol and a known quantity of growth substance pipetted out. 
It was found that, upon heating, the pure liquid growth sub
stance would sometimes char, but if it were mixed with 96 per 
cent alcohol, then placed in a shallow watch glass, volatiliza
tion would be complete without visible residue being left.
The alcohol also tremendously lessened the time required for 
volatilization which was of considerable aid in reducing the 
amount of heat required in the volatilization process. In 
treatmenta where it was desired to have a controlled tempera
ture throughout the treatment period it was necessary to have 
this reduction in heating, especially at the lower temperature 
employed.

Attempts were sad© also to volatilize dry crystals -ms 
well as alcoholic solutions of a number of growth substances 
that occur in crystalline form at room temperature since
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'tgure 1. .Diagram showing the apparatus os©a in treating 
rose bushes with volatilised growth substance 
under controlled conditions. she chamber was 
constructed by welding two 50 gallon drums end 
to end with a water seal two inches wide and two 
inches deep welded at the top to prevent gas from 
escaping past the lid. Growth substance- was 
volatilised with a hot plate and circulated around 
the suspended plants with a fan as indicated. for 
treating plants in a partial vacuum a paraffin 
seal was substituted for the water seal shown. 
Outlets for vacuum pump and gauge were made next 
to the thermograph outlet.



Zimmerman and Hitchcock (66) have reported that many are 
active when used in this way. -These attempts set with little 
success. Although most of the growth substances tried could 
be volatilised to a greater or less degree, considerable 
reorystallization and charring took place.

It was felt that under these circumstancea the exact 
concentration of gaseous growth substance would be difficult 
to determine and repeat under a given set of conditions. Tor 
this reason, with the gaseous applications emphasis was 
placed on the use of the eaters of aaphthaleneacetlc acid in 
alcoholic solution. These liquid compounds volatilise with 
a minimum of heat application, and leave no visible residue 
upon volatilisation. This was also true of the naphthalene- 
aoetonitrile compound. Although upon standing at room 
temperature this compound would form crystals, they would 
quickly disappear upon warming.

It will be noted that In this study, more emphasis has 
been given to experiments dealing with gaseous application 
of growth substances than application in wax or other carrier 
that leave a visible residue on the plants. The reason for 
this is that many roearl&ns discriminate against plants that 
are waxed. They claim that the presence of wax is indicative 
of plants of low vitality that may have been held in warm 
retail display rooms for an uncertain length of time. They 
prefer to pay a premium for an unwaxed plant of good appear
ance , for they feel that in order to prevent drying and shoot 
growth, the unwaxed plants must have been stored under
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favorable conditions prior to purchase*

Method of Measuring the Effectiveness 
of Growth Regulating Substances on Bud Inhibition.

In most of the preliminary experiments in 1939-1940 the 
plants -were moved into the greenhouse immediately after 
applying the growth substances. Greenhouse forcing was done 
in order to speed up the testing of a large number of com* 
pounds at varying concentrations as well as the effect of 
different carriers that may toe used in applying growth sub
stance. Any delay in shoot production in plants in a given 
treatment* as compared with similar control plants, was then 
used as a measure of the effectiveness of the particular 
treatment on bud inhibition. Unquestionably, the response 
obtained with plants forced In a greenhouse would not be 
exactly equivalent to the behavior of similar plants held in 
common storage with regard to the effect of a given treatment 
on bud inhibition. However, it was felt that if a particular 
treatment had absolutely no effect on inhibition of buds 
under greenhouse condition, it would be of questionable 
value under common storage condition. Consequently, treat
ments that showed no effect or, in some eases, an injurious 
effect on the canes in the greenhouse were not tested further. 
Other treatments which showed even a slight retarding effect 
on bud growth were earmarked for further testing under common 
storage conditions.

In the 1940-1941 experiments the entire set-up was
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designed to simulate commercial common storage conditions. 
Immediately after treatments were applied to plants they were 
moved into the common storage house and held until the end of 
the normal common storage period, which is about May I. 
hater than this or in years when unfavorable storage conditions 
occur from 1 to 2 weeks earlier, it is not considered safe to 
hold rose bushes in common storage.

for the purpose of comparison of the effectiveness of the 
various growth substance treatments, data on number and length 
of shoots were taken on an individual plant basis at weekly 
intervals during the storage tests. At the same time also, 
record was mad® of the length of injured portions of the canes 
that were present on each plant.

Cytologies! Methods

2he work of Oreenlesf (23), levan (33) and Dermen 117) 
has indicated that growth substances will effect polyploidy 
in plants. If this is likely to happen in the ease of rose 
bushes it is possible that the characteristic varietal form 
of the plant and flower may be altered.

Xha method of treatment and sampling was similar to that 
used by others on plant material. Bose 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- 
methylacetate just as the buds began to show activity. After 
the buds had started vegetative growth, samples were taken for
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sectioning of the growing points*
The buds from control and growth substance treated 

plants were prepared for sectioning in the following manner; 
upon removal from the plant they were dropped into a fresh 
mixture of Wilson's modification of Buinfs fixative to hill 
and fix the material. This fixative is composed, of an equal 
mixture of two solutions, A and B# Solution A is made up of 
picric acid (saturated solution) 64 cc.; formalin, 60 cc. 
and urea, 2 grams* Solution B is composed of picric acid 
(saturated solution), 94 cc*; acetic acid, 5 cc. and chromic 
acid, 2 grams.

After hilling and fixing, the material was washed free 
of fixative. If was then dehydrated and embedded in paraffin 
by the usual tertiary butyl alcohol technique. The paraffin 
sections were cut 16 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 Z1 and 1 per cent 1). The stained sections were 
then mounted in balsam for microscopic examination.



Method of Determining Belative 
dtareh Qontent of Eos© Bushes

by the IK I i’est.

Previous work by Gardner and Yerkes { 21) with a variety 
of fruit tree nursery stocks and by Yerkes, Scott and Swingle 
(66) with rose plants has shown that, when dug at an immature 
stage severe losses are encountered during the storage period 
and a low percentage survival of plants Is obtained when such 
stock is lined out the following spring* In the case of rose 
bushes even greater losses are encountered when is&L&ture 
plants are stored, since the rose seems to be very susceptible 
to mold and other disease infection while in storage. The 
problem of immaturity is further complicated with rose bushes 
by their tendency to continue vegetative growth until very 
late in the fall. In years of high rainfall late in the 
season which delays maturity, even though digging is deferred 
until the danger of freezing weather is imminent, many im
mature plants may be stored. Even under optimum maturing 
conditions there may be low areas in the field where a few 
plants continue growth later than others and are stored 
immature along with the mature plants.

After rose bushes have been dug and pruned for storage 
it is frequently very difficult to determine casually which 
plants are mature and which are immature. The latter often 
have the appearance of being the better plants, since they 
may be larger and often have a more lively green cane color. 
iPor a number of years the iodine test 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# In applying the 
tost m drop of a weak III solution is placed on the cross- 
sectional cut surface of the stock and after a brief Interval 
of 1 - 2 minutes it is examined with a hand lens for the blue 
color pattern caused by the presence of starch. Immature 
plants will have very little or no starch present, whereas 
mature plants have an abundance stored in their stocks.

I he IZ.I method of determining maturity of rose bushes 
has been somewhat discredited among commercial interests 
where In certain instances it was found that starch was not 
present even in the most mature stocks. This discrepancy in 
the test has been explained by recent work in England by 
Brandon (II) who found that some rose species and hybrids do 
not normally store starch reserves in the fall. rrith such 
material the IEl test for maturity would be of no value. 
However, Boss multiflora which constitutes a very high per
cent a g© of ta© stoCiLS used ior hybrid tea varieties In this 
country ie one of the species which normally stores starch 
when the plant matures, and, as indicated by Tukey ( 56} # 
Carlson (13), Brandon (11), and further substantiated by the 
work presented here the IHX teat with this stock appears to 
be a reliable test for maturity.

The iodine-potassium-iodide test for starch has been 
widely used for many years In determining starch in plant 
tissues. if or the most part the test has been used qualita
tively , merely to determine whether starch is present or
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aboen t from the matc-ri-ii under elimination. how ever, a number 
of investigators have reported successful use of the test on 
a roughly quantitative basis in following the relative amounts 
of starch present at different times of the year or different 
stages of plant development. J'or example # Bigelow, Gore and 
Howard (8), Davis and Blair (16) and Bits (29) have followed 
the coarse of starch disappearance in developing apple fruits 
to determine the proper time to pick for best storage quality.
Archer (3) has followed the seasonal changes in starch content
of the different parte of persimmon trees throughout the year. 
T’ith the rose, Brandon (11) has followed the seasonal changes 
in starch content of species, interspecific hybrids, and 
varieties of rose to determine if starch content of the plant 
were associated with rooting of stem cuttings taken from such
plants, and the time of year to take cuttings to obtain
optimum rooting responses.

Bach investigator has arbitrarily set up for convenience 
his own system of scoring for starch content, and several 
(16), (29), (3) have used a numerical system similar to that 
employed herein. Statistical treatment of the data was 
applied in this work so that normal variation of the material 
could be estimated at any particular time of sampling 
C Snedeccr (4f) ).

The method used in sampling for relative starch content 
of rose bushes was by making a number of sections of rose 
stocks which showed varying amounts of starch by the IXI test. 
These sections were obtained from the stock portion of a



number of plants exhibiting varying stages of oane maturity.
Ten sections were selected to represent a range In relative 
starch content in 10 arbitrary gradations, placed on .a scale 
from 0 to 100, figure 2. The sections were made free hand 
with, a sharp straight edge razor from material killed by 
boiling in 85 per cent alcohol. After staining they were 
mounted on glass slides in 50-50 aieohol-glycerin and. with 
cover glasses sealed by paraffin to make semi-permanent 
mounts. The original material from which each of the ten 
sections was made was held in 35 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 shows camera leucida drawing made of all 
sections except the 100 gradation, since no section was found 
scoring that high. Scoring for relative starch content was 
made separately on bark {figure 2-A), which included all 
tissues exterior to the cambium (figure 8-3}; wood, (figure 
2-0) composed of xylem tissues from the cambium to the pith, 
and the pith ( figure 2-3)).

A random sample of twenty plants was selected from each 
lot of plants at each sampling period. Segments about 1 inch 
long were then taken of each plant from the base of the canes, 
from the mid-portion of the atock, and from the roots at their 
juncture with the stock. The segments from the different plant 
parts were dropped into separate flasks containing 85 per cent 
alcohol and boiled for 30 minutes in a water bath. After cool
ing, the segments were ready for estimation of relative starch
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■i j | A

ifigiare 2* Camera *aicida drawings of cross sections of rose 
stocks that were used as standards for comparison 
in estimating relative starch content by the IXI 
method. (A), bark and cortex region, (0), wood 
and CD). pith* (B) merely designates the position 
of the cambium in respect to the other tissues.
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content, which was made on the same day that the samples were 
ta&en*

/or estimating relative starch content a standard 3lid@ 
was placed side by side with slides containing free hand 
sections of the material being examined on the stage of a 
microscope* By this method each section was matched to the 
nearest corresponding standard using a magnification of 10.
In the beginning, £0 sections were made of each plant part, 
but later there was found so little variability within a 
particular segment that this number was reduced to 10.
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Preliminary Experiments with Sprays 
Containing Growth Substances

1939-1940. Preliminary trials were conducted in the 
1939 - 1940 storage season using the Texas grown Ami Quinard 
plants previously described* The plants were divided into 
lots of three plants each and the growth sub stances previously 
listed under Materials and Methods were all (except tetralln- 
6-acetamide. which was not then available) sprayed onto the 
dormant plant topa In aqueous solution using the following 
concentrations of each compound applied to individual lots* 
.001, .01 and .06 per oent respectively. A number of the 
compounds, such as a-nsphthylmethylacetate, a-naphthylethyl- 
acetate, a-naphthaleneacotonitrlie, indolepropionio acid, as 
well as the amides and the iso and thiocyanates, have a 
maximum solubility in water between .003 and .005 per oent, 
in which case, this concentration was used.

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

The experiment was then repeated using sprays of the 
same compounds at 0.1 per cent concentration. This concen
tration was obtained by emulsifying the desired amount of
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growth substance with & sufficient quantity of light machine 
oil to mnhe 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 sobstances on February 15, 1940. One set of 
sprayed plants was then mowed into the greenhorns®, the other 
into common storage.

After 6 days in the greenhouse* control lots sprayed 
with oll-emulsion only were showing noticeable injury from 
the oil. However, by the end of 14 days, in apit© of cane 
injury fro® oil and from the high concentration of growth 
substances used, differences in time of bud opening were ob
served between the controls and certain lots treated with 
growth substance, fhls retardation of opening did not appear 
to be a result of injury alone, lecords obtained at the end 
of 18 days in the greenhouse Indicated that the following 
compounds had apparently inhibited the buds for at least 
from 4 to 10 days; B-iadoleaeetie acid, B-indolebutyrie acid, 
j;-indole propionic acid, &-nsp ht hale ne ace tie acid and the 
ethyl and methyl esters as well as the la and K salts of 
this acid, a-naphthaleneacetonitrile, B-naphthoryacetic 
acid, a-naphthaleneacetamide, a-naphthylmethylthiocyanate, 
s-naphthalenemethyliaothiooyanate, phenylacetic sold, 
a-naphthalenethioaeettiraide and a-naphthalenepropionlc acid.

The set of plants that were moved into common storage 
after receiving the o11-emulsion growth substance sprays 
also were Injured by the oil contained in the sprays. At 
the relatively low temperature maintained in common storage
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injury was slower in showing up, but by the end of 60 days 
(April 22) of storage the plants were very severely damaged. 
Eeoords obtained at the end of 46 days of storage (April 7) 
substantiated the greenhouse results in that the same com
pounds that had caused a delay in vegetative bud development 
under greenhouse conditions also noticeably retarded shoot 
production in common storage.

It was thought that perhaps the failure of the initial 
tests with aqueous solution of growth substances on bud 
inhibition was due to the use of too low- a concentration of 
growth substance, further, it was felt that perhaps if the 
growth substances had penetrated into the plants better, bud 
inhibition may have been effected with these sprays.

In order to apply relatively high concentrations of 
growth substance as well as to cause better penetration into 
the plants the following solvents in the concentration in
dicated were used in making up sprays; ethyl alcohol 5, 10,
16 and 20 per cent; acetone 1, 3, 6 and 7 per cent and dioxan 
l/O, i/4, i/s and I per cent.

four growth substances were tested at 0.1 and 0.2 per 
cent. These compounds were B-indoleacetic acid, a-naphtha- 
icmeacetic acid, a-naphthylmethylaoetate and a-naphth&lene- 
acetamide. In making up the sprays a weighed amount of the 
chemical was dissolved in a measured amount of solvent then 
mixed with sufficient water to bring both chemical and 
solvent to the desired percentages of each. The dormant plants 
were sprayed on March 6, 1940, using three plants per lot of
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the Ami Quinard variety in each concentration of growth sub
stance - solvent combination so that a total of 96 lots of 
plants were used* fh@ plants were set in sand in the green
house immediately after the sprays were applied.

As in the previous trials with the aqueous solutions, 
resulta 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 comparison with unsprayed control lots while the higher 
concentration of both growth substance and solvent caused 
considersole injury to both canea ant vegetative buds.

failure of the l/4 per cent oil - 0.1 per cent growth 
substance sprays applied on February 14, 1940 was apparently 
due to excessive oil in the sprays which caused considerable 
plant Injury# The experiment was therefor© repeated on 
Earch g?, 1940, using both oil and growth substance in lower 
concentration. At the same time also, plants were sprayed 
with emulsions of both lanolin and m m  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 thi i experiment were made up with 
the following carrier emulsions, oil, l/l6 and l/s per cent; 
lanolin, 1/& and 1/4 per cent, also two proprietary wax- 
emulsions which are recommended for the waxing of nursery 
stocfe. 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 0.6 per oent s-naphthylmethylsoetste.
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fhe sprays war© applied on the above data using 10 plants 
of the Guinea rose variety in each treatment. Control plants 
were sprayed with the carriers without growth substance added 
while one set of plants was left unsprayed* Immediately after 
the sprays were applied, & plants of each lot were placed in 
the greenhouse, the other 5 into common storage.

At the end of 3 days in the greenhouse a stimulating 
effect on bud breaking was noted on the control plants sprayed 
with l/X6 per cent oil and l/4 per cent lanolin emulsions only, 
fhe unsprayed controls started growth on the 6th day and by 
the 14th day in the greenhouse had made considerable growth, 
having shoots from 4 to 10 inches in length. A very pronounced 
inhibiting effect was apparent on all lots sprayed with growth 
regulating substance, fhese plants were Just starting visible 
bud growth by April 10, 1940 {14 days after treatment). It 
was apparent also at this time that the concentration of 
growth substance (0.6 per cent) was too strong, as the plants 
in all lots receiving it were showing some injury near the cut 
end of the canes. Bone of the carriers appeared to be injuri
ous in the concentrations used except the 1/4 per cent oil 
which caused a slight amount of cane injury la both sprayed 
controls and growth substance treatments.
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Preliminary Experiments with 
Tolatlitzed Growth Substance

1939-1940. Experiments with the vapors of three com
pounds* a-naphthylmethylaoet&t©. a-naphthylethylaoetate and 
a-naphthylaeetonltrlle# showed much promise by their 
effectiveness In Inhibiting the vegetative buds on rose plants*

Preliminary experiments with volatilized growth substance 
were begun on February 86. 1940* using Ami Qainard rose plant® 
similar to those used is the spraying experiments, Two sets 
of plants were treated with vapors from 1, 3. § and 10 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 80 gallon container and the growth substance was 
volatilized from a small watch glass by placing it on a hot 
piece of metal at the bottom of the container. The con
tainers (80 gallon refuse cans) were sealed so 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 greenhou©© with roots in moist sand, the other 
was returned to common storage.

After 14 days it was apparent from examination of plants 
in the greenhouse that the vapor from one drop {approximately 
3b milligrams} of each of the three growth regulating substances 
had caused bud inhibition without apparent plant injury. The 
control plants at the end of the mwm period had produced mn 
average of 84.5 shoots per plant varying in length from l/2
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to 10 inch©a whereas the growth substance treated plants that 
had received but on© drop of each compound were just beginning 
active vegetative growth at this time* Plante that had been 
treated with 3, 5 and 10 drops of growth substance were also 
inhibited in bud growth, but associated with inhibition and 
varying directly with it and the coneeatration was a pro
gressive increase in cane injury so that by the end of the 
14 day period in the greenhouse plants 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 motive growth until 
March 20, 1940, or 22 days after treatment* By April 22 they 
had produced an average of SI.4 shoots per plant, while plants 
treated with the vapor from one drop of both the ©stera and 
the nitrile compound were completely dormant at this time. 
Plants that had received 3, § and 10 drops of the growth sub
stance and held in common storage had by this date developed 
severely injured canes but injury not so severe as that on 
the greenhouse plants.

On the basis of these preliminary experiments it was 
evident that certain chemical® were very effective in inhibit
ing shoot growth when applied in the vaporised form and 
suggested that with careful attention to concentration and to 
other detail® of application these compounds might be of use 
in inhibiting shoot growth of dormant rose bushes held la 
common storage.

the experiments of Simmer man and Hitchcock {66) indicated
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that under greenhouse temperature conditions sufficient 
volatilisation of a-naphthylmethylaeetate will tafce place to 
cause growth curvature responses on herbaceous plants without 
the application of additional heat to cause rapid vaporisa
tion of this compound• The rate of volatilisation under the 
relatively low common storage temperatures would he very slow 
in comparison with normally high greenhouse temperatures.

Forty Guinea rose plants were therefore used to determine 
if slow continuous volatilisation of growth substance would 
cause hud inhibition with plants in common storage, the ex
periment was started on March g?, 1040. Two lots of twenty 
plants each were placed in separate 20 gallon refuse cans 
having tight fitting lids. One drop of a-naphthylaethyl- 
aoetate absorbed on a piece of paper toweling was suspended 
1 foot above the plants in a can. Plants in another can 
served as the controls. The cans were then sealed and placed 
side by side in common storage. When the cans were opened on 
April IS (19 days 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 this time with the etiolated shoots
removed from the controls and placed in the greenhouse for 
observation while the remaining 10 plants 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.
Bo evidence of plant injury that could he attributed to the 
growth substance treatment was found.

fhc remaining plants that had been left In common storage 
were removed fro® the cans on May 1, 1940* differences in 
response of typical control and treated plants are shown In 
the photographs (figure 35. It is apparent that the plants 
treated with growth substance were just starting active 
growth at this time whereas the control plants had produced 
long etiolated shoots. It is of Interest also that mold 
growth was apparently inhibited by the growth substance vapors. 
This suppression in mold growth may have been due to a better 
callousing of the out surfaces shown In the treated lot or to 
a direct inhibiting action on mold growth by the vapor treat
ment.
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figure £
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XT. Control plants. 19, Plants treatea with 
regulating substance. Both lota held in common 
storage. Treatment begun on March ST. 1040 shen both lets: were 4o*mamt • ■ Photographed pm 
Mgp 1, 1940*' Control plants showing such more 
shoot and mold growth than the treated plants.
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Comparison of Spray a and Vapors of 
Growtii Bagulatlng Substances on 
XmMbiting of Bud Growth of Bos® 
and Miscellaneous liarsery Stock

1939*1940* tlurserymen often pise® plants of species 
widely different in plant shares ter s in the same oomaon 
storage with rose hushes* It seemed desirable to know what 
effect these growth substances would hare on such plants* 
and if it would be necessary to remove them when treating 
with gases to prolong the dormant period of roses*

Am experiment was set up to obtain information on this 
point on March £7. 1940* At the same time the plants were 
so arranged ms to give information relative to the effective
ness of treatment at different distances between the plants 
and tha gas source during the treatment period*

fh© plants used ar® listed In tab!® £. for the most 
part they were selected as being representative of 1 year 
fruit trees of apple* peach* pear and cherry that are 
commonly stored as well as several types of deciduous 
ornamental plants that may b® held for brief periods in 
common storage houses* All plants were dormant when the ex
periment was set up on March £7 and for comparative purposes 
plants of the Culme® rose were included in the experiment. 
Conditions were representative of those encountered when 
plants are held by the nurseryman for late shipment, or as 
in th® case with apple root grafts, when seasonal conditions 
prevent earlier planting in the field*
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Mean ilumber of Shoots Growing on Several Plant 
Speciee B#Id in Gammon. Storage following Treat
ment with Growth Substance* in 011*.Emul8ion 
Sprmpa and ai Volatilised Gas* Also Effect of 
placing Plants at Different .Distances from the 
Osa Source During the Treatment Interval* 
Treated March Zlf 1940. Record of May i # 1940*

I | |_____________ Mean No. shoots -per -plant
Soecies

|Variety 
|Common Name

No.
per

plants Control
Lot

Spray
Lot Volatilized Gas Lots Remarks

1 treatment
4 Feet** 8 Feet 12 Feet 16 Feet

Acer
oalmatum

| Japanese 
| maple 10 PP. 7 5.*+ 2.4 5.0 14.7 20.5 No ancarent injury.

Amygdalus
oersica

| Peach 
| seedlings * 29-1 0 0 0.8 16.5 22.6

Severe injury in 
sorayed lots.

Amygdalus
persica

|Elberta J 1-year trees 10 17.4 0 0 0.3 8.8 10.1 11

Diosoyros
virginiana

1 Native 
1 seedlings 10 3«? 0 0 0 0.2 2.6 No anoarent injury.

Philadelohus 
grandi florus

j Mockorange
10 10.5 0 0.2 1.9 5-3 S.5 "

? runus 
cerasus

1
| Montmorency 
| cherry 10 12.8 2.4 0.5 4.2 6.6 10.5

Slight injury in 
sprayed lots

Pnuua
serrulata
Pyrus 
communi a

1| Japanese Flower- 
| ing cherry 1 -ptar1 eaa», Bartlett 
j 1-year trees

10

10

32.4

5.6

0

0

0

0

2.2

0

12.7

1.9

26.6
4.6

Roots formed on sterns 
of sprayed lots.

No apparent injury
Malm
sylvestris

1| Apple, N. Spy 
j 1-year trees 10 8.7 0 0 I.* 4.7 6.8 »

Malus 
sylvestris

j Apole, Delic— 
j ioue (grafts) 50 2.1 0 0 0 o.u 1.2 11

Rosa ap. I Guinee rose 
j variety ?0 10.7 0 0 0 2.8 9.0 Slight injury in 

surayed lots

* Growth substance = a-naphthylra,ethylacetate. Soray = 0.01% growth substance in 1/^% oil.
Gas - 0.5 gram growth substance volatilized 

dpt 1000 cubic feet 16 hre, at 70°T.

Distance from the gas source.
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In treating with gas, a tight common storage room of 
38,000 cubic feet capacity was need. A-naphihylmathylacet&te 
at the rate of 0.5 gram per 1000 mxbie feet was volatilized 
for 16 hours* ror comparative purposes a set of plants was 
sprayed with an oil-emulsion spray containing l/4 per cent 
light machine oil and 0.01 per cent of the same growth sub
stance# The sprayed lot and a control lot were removed from 
the storage during the period of gas treatment#

The growth substance was volatized on m hot plate placed 
at one end of the room# One set of each of the plants listed 
in table E had been grouped on the floor at a distance of 
4, a, 12 and 16 feet from the gas source. A large ventilating 
fan 20 inches in diameter provided a brisk circulation of air 
over the hot plate in the direction of the plants throughout 
the treatment period#

The extent of vegetative 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 having produced shoots 4 to 10 Inches in 
length. It is of interest that both spray and gaseous 
application of growth substance were about equal in effective
ness in inhibiting vegetative buds on the wide variety of 
plants used.

the data {table 2) show that the volatilized growth sub
stances had apparently condensed onto surfaces nearest Its 
source, even though it had been volatilized into a rapidly 
moving stream of air provided by the large fan that was used.
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Effective inhibition of buds was obtained with plants placed 
4 feet distant fro® the gas source, and the slightly greater 
number of shoots produced on the plants at 8 feet would not 
be significantly more than those set at 4 feet* However, at 
a distance of IS feet the effectiveness of the growth sub
stance on bud inhibition was unquestionably reduced, while 
plants placed at a distance of 16 feet from the gas source 
during the treatment period were very similar to the un
treated controls in the number of shoots that subsequently 
developed in common storage*

The different plant species did not respond alike in all 
cases to a particular growth substance treatment* Complete 
dormancy was maintained In all the species used except Ikcer 
palmaturn, ffhlladelphua ^randlflorua and Montmorency cherry 
which showed a few vegetative buds, which were in all in
stances much fewer in number per plant than on the controls 
{ figures 4 and 5).

Injury i^o® either the oil or growth substance was 
severe in the sprayed lots of peach (both seedling and 
Alberta) and Montmorency cherry* Since the gas treated lots 
did not show the injury, it may be assumed that It was either 
caused by the oil or oil had contributed in some way to its 
manifestation* fhe plants of Trunus serrulate, perhaps as a 
result of penetration of growth substance in oil, showed 
swellings and root development throughout the entire stem 
portion of sprayed plants* This response in root production 
was also noted In certain lots of treated rose bushes ( figure 6)*



Figur# 4. Philmdelphus grandlflora bushes held In oomaon 
storage. ("5 5 Control lot# (10) Treated with 
growth substance.



figure 6. On* year old Montmorency cherry trees held la common storage fro* March 87, 1940 until 
May 1. 1940* (11) Ooatrel. (18) treated with
volatilised growth substance*



A. Control.
B. Treated with Z drops of a-naphthylmethjl- sootst# soafced into pspor toweling and allowsd 
to volatilise, without heating, la a aosled 20Sllon son in oommon storage froa Marsh 25,

40 to April 80, 1040* Bests were Beginning 
growth at several points on the steas as a result of treataent.
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The possibility of using this method of pro treating prior 
to talcing dormant stem out tings of roses and other plants 
as an aid in rooting sueh outtings is suggested.

Subsequent to storage the treated plants were lined out 
in the field. Seasonal conditions were very farorable for 
transplanting even at this late date (May 2). All the plants 
lived with the exception of the spray injured lots of peach 
and the control lots of Delicious apple root grafts. With 
ail growth regulating substance treatments dormancy was 
maintained from 1 to 2 weeks longer, after transplanting, 
than comparable eontrol lots of eaoh species. This initial 
delay in top growth say be of benefit in a less favorable 
season for transplanting of nursery stock, since it would 
allow a period for root development to take place before the 
top began to draw on soil moisture.

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 
follows: control, 74 per cent; sprayed, SO per cent; gased,
100 per cent. At the end of the growing season, no slgmift* 
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 year, as reported by Jones (30) with growth 
substance applied in lanolin emulsion to grafts of the 
Virginia crab variety.

A repetition of this work with root grafts of Starklng
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71 gars 7. Condition of Dslleloas apple root grafts at and 
of season storags period from t a n k  1, 1940 ts 
May 1, 1940.1. Control lota with tsralnal shoots adranosd. 
S. drafts whioh had hash treated with volatile 
growth sahstanos on Maroh ST, 1940. (0.6 gran 
a-naphthylnethrlaeetate per 1000 sahla foot for 17 hoars at 70s Fahrenheit) showing tsralnal 
hods jast bsginning to swell. Photograph taken on April 27, 1940.
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figure 3 * Delicious grafts tiailtv to these shown In 
figure 7* tipper row, (A)* Control*{SI, frosted with Taper of growth substance. 
Grafts potted up after removal from common storage, Lower row, sane grafts at tor two wwefesin ths greenhouse. Growth smhstaaoo treatment did not Inorosss the percentage 
of graft surrivlng under greenhouse condi
tions as was noted In sisAlar field planted grafts. (1940).

w '4

#
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and Gallia varieties of apple In 1941 also showed a 
significant Increase In stand of grafts as a re salt of 
growth substance applications to the graft union* Indole- 
butyric and indoleacetlc acids and naphthaleneaeetamide were 
about equal in effectiveness In the 1941 experiments*

the increase in stand of grafts appeared to he due to 
a speeding up of callous proliferation, causing a better 
union between stock and scion pieces of the treated grafts* 
Suppression of top growth by growth substance treatment 
would also reduce transpiration until the newly formed union 
is better able to permit passage of water to the top*
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Comparison of Relative Iffectivenees 
of Several Growth Regulating Sabstamo®a 
Applied In Wsx~2mulsion on Bad Inhibi
tion of Hose Bushes In Q o s o g  Storage

1940-1941« A number of workers have called attention 
to the fact that even though a particular growth regulating 
substance may be very effective in causing one type of plant 
response, it may be very ineffective with regard to another 
response. Wot example, indolebutyrie sold causes root 
formation on Ilex opaoa cuttings In a relatively short time 
(50); on the other hand, when indolebutyrlo acid was used in 
experiments to Induce parthenooarpy (19) on the same holly 
plants, it was found relatively ineffective, and naphthalene* 
acetic acid proved to be much superior. Other examples of 
the apparent specificity of certain growth substances in 
causing a particular type of plant response are on record 
(BO), (S).

Of the 23 chemical compounds applied to dormant rose 
bushes to teat their potential bud Inhibiting effects in 
1939 - 1940 seventeen were of sufficient Interest to warrant 
further testing as growth regulating substances in 1940 • 
1941. These compounds are listed in table 3. It seemed 
desirable also to investigate further the use of suitable 
carriers for these substances since in the 1939 experiments 
a light machine oil alone as well as water only as a carrier 
proved unsatisfactory, ^he oil produced injury and aqueous 
sprays did not permit the use of very high concentration of
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the compounds of low solubility in water* trials with 
several proprietary wax-emulslona miscible with water which 
are used in waring rose bushes commercially, indicated that 
they could be used safely in low wax concentration*

the concentration of wax-emnlsion carrier finally 
selected was l/4 per cent of the emulsion In water* the 
desired, weighed, amount of growth substance was dissolved 
in the smallest quantity of 95 per cent alcohol necessary for 
complete solution* A minimum of alcohol was used to avoid 
precipitating wax of the emulsion* fhe growth substance 
dissolved in alcohol was then mixed with a measured quantity 
of full strength wax-emulsion by forcing the two through an 
emulsifier several times* Varying concentrations of growth 
substance sprays could then be obtained by adding the desired 
amount of this stock solution to water, and where necessary 
adding additional wax-omulsion. this concentration of 
emulsion when applied with a small electrically operated 
paint sprayer. left a thin uniform film of wax on the plants 
that was not readily noticeable*

Bose bushes of the Ami ^uinard variety were again used 
in comparing the effectiveness of the different growth sub
stances. The 1060 bushes used in this experiment were Texas 
grown #1 grade, one year old budded plants grown on rooted 
Boss multi flora stem cuttings which had been separated into 
53 uniform lots composed of 30 plants per lot* Application 
of each compound at three concentrations. 0*005. 0*01 and 
0.06 per cent, respectively was used on each lot of 80 plants.
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Two additional lots of 30 plants each ware used for controls, 
one of which was sprayed with wax-emulsion only, the other 
was left unsprayed. Each lot of plants was placed in a wax* 
paper-lined 1/3 bushel basket, and the plant roots and stocks 
were completely covered with moist sand-peat mixture prior to 
spray application* The sprays were applied on February 26, 
1941 and the plants were placed In common storage* By 
April IS the control lots as well as many lots treated with 
growth substance had produced considerable shoot growth and 
this date was selected for recording the number and length of 
shoots produced per plant. After removing all shoots that 
had developed in storage the plants were potted In soil in 
6 inch pots. The plants were then completely randonlzed on 
a bench In a 66° to 70° Fahrenheit greenhouse.

In table 3 the compounds used have been arranged in 
order of their relative effectiveness in preventing shoot 
elongation of the rose plants during common air storage. It 
is of interest that the two esters of naphthaleneaoetio acid 
were more effective than the acid Itself. As shown In figure 
9, at the .005 per cent concentration of the methyl ester 
complete dormancy was maintained as was also the ease with 
plants treated at this concentration with the ethyl ester. 
Both esters were also found to be very effective when applied 
in the gaseous state, which was also true of naphthalene- 
acetoniirlle compound. Indoleacetio acid, indolebutyric acid 
and naphthaleneaoetamide, compounds widely reported for their 
root promoting effects on cuttings were about equally effec-
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EFFSC'iTVEKESS 0/ DIFFERENT CHEMICAL COMPOUNDS IN INHIBITING SHOOT GROWTH 

OF AMI QUINARD ROSE RUSHES HELD IN COMMON STORAGE, AND SUBSEQUENT SHOOT 

GROWTH ON THE SAME PLANTS AFTER PI DAYS IN A 6 5° - 70°F. GREENHOUSE

Chemical ComDOund

‘Mean number of 3hoots 
per plant developed in 
storage ? /? 6 to 9/18

Mean number of new shoots 
produced per plant after 

21 days in greenhouse 
9/18 to 5 /8

Percentage 
cone en trat ion

Percentage
concentration

0 .0 5 0 .0 1 0 .0 0 5 0 .0 5 0 .0 1 0 .0 0 5

Naphthalene methyl acetate 0 .0 0 0 .0 0 0 .0 0 27.55 75.60 99.95

Nachthalene ethylacetate 0 .0 0 0 .0 0 0 .0 0 26.90 3 9 .15 9 9 .1 0

Naphthalene acetonitrile 0.00 0.00 1 1 .10 21.9-5 39.10 97.85

Nanhthalene acetic acid 0.00 0.00 1 2 .95 71.50 98.75 9 9 .8 0

Nanhthalene acetamlce 0.00 9. 25 70.90 96.Uo 9 9 .7 0 95.85

Indole acetic acid 0.00 5.65 78. 2C 92.75 96.50 52.25

Indole "butyric acid 0.00 1 2 .60 90.95 95.90 52.30 5 0 .6 5

Potassium nanhthalene acetate 0.00 15.65 91.70 92.60 95.70 36.9o
Sodium nauhthalene acetate 0.00 19.85 98.35 32.60 3S-75 71.55
Naphthoxyacetic acid 19.90 -35.75 98.50 90.65 35.95 78.10

Indole propionic acid 25.75 16.10 70.65 51.60 56.80 35.95

Nanhthalene methyl thiocyanate 26.90 38.70 9 5 .8 5 92.60 97-85 9o. 70

Naphthalene methyl isothiocyanate 29.75 39.35 91.50 92.60 97.95 39-60

Tetralin-6-acetamiae 35.60 59.15 60.90 92.70 36.85 31.70
Phenylacetic acid 9i.6o 9 9 .9 0 68.9-5 37.90 90.05 29.60

Naphthalene thioacetamide 92.10 99.95 98.10 72.60 38.75 71.55
Nanhthalene nronionic acid 93.10 9cr80 97.65 3S.70 79.98 92.50
Control (emulsion spray only) 
Control (not sprayed)

98
9o

10
31 ...

90
97

60
?5

*Kean of 20 plants. Differences necessary: 5^ level 6.8 I 5^ level 21.5 
for significance: 1$ level 11.2 | 1$ level 29.7
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B

figure 9. A. Control piante sprayed with war-eaulsiononly* B. Plants sprayed with growth regulating substance (0.005 per eent a-naphthylmethylaoetate 
added to the emulsion). Sprays applied fehruary 
26, 1941, plants plaeed In season storage and 
photographed April 18. 1941.
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tive in preventing shoot growth on rose plants with the amide 
proving superior at the 0.01 per cent concentration, hat none 
of these compounds were as effective as the esters of 
naphthaleneacetic sold.

It should be noted here however, that some injury was 
apparent on all lota treated with 0.06 per cent concentration 
of every compound except indolepropionio, phenylscetie acid 
and tetralin~6-acetaiaide. Mo injury was apparent even with 
the highest concentration of each of these three compounds, 
neither was there any apparent inhibiting effect on shoot 
development. On the contrary, there was a very marked and 
significant Increase in the number of vegetative shoots 
produced by each of these compounds at the lowest (.005 per 
cent) concentration which was meed. Stimulating effects on 
vegetative shoot productions by phenylaoetio sold has also 
been noted by Timmerman and Hitchcock (66), on potato tubers.

fhe injury caused by concentration of 0.06 per oent of 
growth substances with ail but the three exceptions noted 
above is not surprising In view of evidence that such Injury 
has already been shown by ferkes (63) with concentrations 
higher than 0.01 per cent on various kinds of hardwood 
cuttings. In the treatment the cuttings were allowed to 
stand with their bases only in the aqueous growth substance 
solution for several hours, whereas the dormant rose bushes 
used in this experiment had their tops completely covered 
with a wax-emmlsicm containing the various growth substances, 
further, the growth substance was in close contact with the
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plants for almost a two month period (from z/tB to 4/18) 
while they were In storage and for a short time following 
storage* this long exposure to the growth substance may hare 
resulted In oane Injury* The wax-emulsion seemed to disappear 
from all sprayed lots after 3 to 4 days in the greenhouse, 
prohahly because the warn melted at the higher temperature 
and suhseqnently was washed off the plants in the course of 
watering*

After the plants had been In the greenhouse 14 days the 
lots that had received effective growth substance treatments 
in common storage continued to show a pronounced slowness of 
development of vegetative buds* This "hold-over'1 retardation 
of bud growth is Illustrated by the appearance of the control 
and growth substance treated lots shown In figure 10*

Data on mean number of shoots produced after 21 days in 
the greenhouse are shown In table 3* With the large 
differences that were found necessary for significance (21*5 
at the B per oent level) none of the growth substance treat
ments applied in common storage induced a significantly 
greater or less number of shoots to grow out after the plants 
had been in the greenhouse for 21 days following common 
storage* The extreme variability of these data with regard 
to number of shoots was unquestionably due to a marked re
duction In number of shoots on certain plants due to strong 
apical dominance of the uppermost buds, irrespective of prior 
treatment* These plants produced several strong growing 
shoots which appeared to Inhibit the remainder of the
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figure 10. 4* Control plants. 1* Growth substance
treated. Aal *uinard variety treated by 
spraying with wax-esralslon of 0.01 per seat 
a-naphthylmethylaeetate. Sprays applied on 
t/z6. plants held in common storage until 
4/18. Photograph taJten after 14 days in the greenhouse showing continued inhibition of 
buds by the treatment la storage.
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vegetative buds on the canes that bore them, This behavior 
threw plants with many shoots and plants with few shoots into 
the same or different lots in an unpredictable manner. It 
seems justifiable to conclude from these data (table 3) that 
growth substance treatments may completely mash individual 
plant variation as to shoot production in common storage, but 
that after the growth substance treatment has been removed or 
dissipated, individual plant variability will again express 
itself by shoot production in the greenhouse.

Of interest also is the fact that the plants that 
suffered oane injury from 0.05 per cent wax-emulsion growth 
substance sprays in storage which in some oases (naphtha1©ne- 
aoetonltrile 0.05 per cent treatment} had considerable top 
removed when potted up, apparently had sufficient dormant 
buds at the base of the canes to produce numerous shoots per 
plant (table 3)• The greenhouse conditions employed in this 
experiment provided humidity and temperature control of the 
air ©s well as control of the soil and its moisture oontent 
within relatively narrow limits. Under these conditions the 
control plants (figure 10), and plants from ineffective 
storage treatments grew remarkably well. This is in direct 
contrast with the field planting results obtained with plants 
from similar treatments of the same variety of rose. Under 
field conditions temperature and moisture of the soil and air 
are not readily under control to insure optimum conditions 
for the growth of roses which are plants that are readily 
injured by growing conditions that are not optimum. The
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control plants with a Tory low reserve after storage due to 
the number of shoots produced and removed before trans
planting grew very poorly when field planted, whereas the 
lots receiving growth substances made excellent growth.
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Kf feci i venasa of Growth oubstance- 
"'as-Emulsion Aprays on Bad Inhibition 
when Applied to the Tops Only, to the 
Btocks Only, and to the Hoots Only of 
Hose Bu she s Held in Common .0 to rag©

1940-1041» Hrom a practical standpoint, application of 
the wax -emulsion-growth aprays to the roots, or to the stock 
portion of rose plants would have at least two distinct 
advantages, provided such treatments would effectively in
hibit shoot formation- Hirst, the wax-emulsion could be 
applied to a portion of the plant where it would be leas 
conspicuous and thus would he less likely to discourage 
potential buyers who object to waxed plants# Beeend, there 
would appear to be less likelihood of injury, especially with 
applications to the stock portion of the plant, since it 
appears to have a thicker and more ouberized bark than either 
the roots or the canes of rose plants.

3now (49) in 1931 and 'ent ( 58) in 19339 have reported 
that bud inhibition was increased with increased distance 
from the source of the inhibiting substance# Snow used the 
effect of the .apical bud itself on inhibition of lateral bud a. 
Tent used indol©acetic acid-lanolin paste in M s  experiments 
on etiolated pea stoma, (Pi alum sat ivum var. Alaska)# If the 
findings of these authors should hold for growth substances 
applied to rose bushes to inhibit shoot development in storage, 
the implication is quite obvious that such treatments would 
be most effective if made either to the roots or to the stock
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portion of the plant rather than to the can©a* The work of 
Stuart {51} and others with cuttings has also demonstrated 
that the inhibiting effect of growth substance will move 
upward in plants, since the cuttings were treated at the base 
and the terminal buds above were inhibited*

In conjunction with the previously described experiment 
{1940-1941} comparing a number of chemical compounds, the 
data of which are summarized in table 3, two additional lots 
of plants ware used to compare the effectiveness of growth 
substance on bud inhibition when the applications war© made 
at different distances from the buds* The plants used for 
Buch a test were similar to those used in the previous wax- 
emulsion spray experiment in which tops only were sprayed, 
and were handled in a similar manner so that direct compari
son could be made.

On© of the lots of 20 plants received 0.01 per cent 
naphthaleneacetic acid in wax-emuision, sprayed on the stem 
portion of the stocks only. The roots and tops were pro
tected from th© spray by covering them with heavy waxed paper 
sealed tightly with adhesive tape. The other lot of plants 
received the same spray applications to the roots only by 
similarly protecting the stems of the stocks and oanes. Th© 
third lot of plants received the spray application to the tops 
only, the roots and stocks having been covered with sand-peat 
mixture, overlaid with sealed wax paper. These plants were 
therefore used for comparative purposes along with an un- 
sprayed control lot.
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In setting up the experiment, the surface area of top to 
roots was adjusted by pruning so that the amount of spray 
which adhered to these two plant parts was fairly comparable. 
Ho such adjustment could be made with th© surface area of 
stock portion of the plants except as could be don© by 
selecting plants with relatively long sfemed stocks, 6 to 8 
inches in length* The plants receiving spray application to 
this portion only, necessarily received somewhat less growth 
substance.

The sprays were applied on February 26, 1941 and the 
plants were placed in common storage immediately after treat
ment* The data on mean number of shoots that had grown out 
on plants in the different treatments by April 18, 1941 are 
summarized in table 4.

i. ifcii AJ-£t 4.

Inhibition of Shoot Production of 
0*01 per cent laphthaleneacetic 
Acid-^ax-Kmulsion Sprays Applied to 
Various Plant Parts of Ami ^uinard 
Hose Bushes Held in Common Storage

Treatment
Mean lumber of lIEoofi 

Per Plant 
{20 plants per treatment)

Spray applied to tops only 0*00
Spray applied to stocks only 38.66
Spray applied to roots only 42.63
( Control (not sprayed) | 40.56
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The data in table 4 show that under the conditions en
countered, the growth sab stance was moat effective on bud 
inhibition when applied directly to the vegetative buds 
themselves* lo significant effect on bud inhibition was 
obtained from application to the roots or stock of rose 
bushes of wax-emulsion sprays containing 0*01 per cent 
naphthaleneacetic acid*

Hoot growth was apparently inhibited in plants that 
received spray to the roots only, for at the end of the 
storage period the roots of these plants were calloused at 
the cut surfaces, but had produced no new root growth; all 
other lots had some new roots showing on each plant. Bonner 
and Ehepfll (9) have also noted an inhibition of roots from 
a me in application* These results are somewhat in disagreement 
with previous experiments that have been reported as to the 
effect of growth substance on bud inhibition in plants.
Direct comparison with other work however is not justified, 
for the growth regulating substance and the growth status of 
the plants at the time the inhibiting effects were measured 
are quite different, further, the relatively low temperatures 
prevailing in the common storage house in which the plants 
used in this study were stored, after treatment, are in 
striking contrast to the relatively high laboratory and green
house temperatures that have been used previously by other 
workers with other plant material
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Effect of Coneentration of Volatilized 
Growth Substances on Dormancy, Cane 
Injury and Growth of Molds

1940-1941. Preliminary treatments with the vapors of 
several growth substances in 19*39 - 1940 indicated that three 
compounds, a-naphthylmethylaeetate, a-naphthylethylaeetate 
and a-naphthylaoetonitr11® were outstanding and about equal 
in effectiveness in inhibiting the vegetative bud a on rose 
bushes in common storage* The 1939 - 1940 tests were made 
with a limited number of plants per treatment and with a 
relatively narrow range of concentration of growth substance* 
In order to further test these three compounds for better 
©valuation, they were again used in 1940 - 1941 in a wider 
range of concentrations and with SO plants in each treatment* 
The plants were of the Ami yuinard variety previously de
scribed* The vapor of each compound was applied at the rate 
of 0.1, 0*2, 0.3, 0.4, 0*5, 1.0, 2*0 and 3.0 grams per 1000 
cubic feet for 18 hours an I at 70° Fahrenheit. The plants 
were? treated on March 12, 1941 and placed in common storage. 
The compounds and treatments used are given in table 5 
together with data on shoot production and cane loss that was 
found when the plants were examined on May 1, 1941.

Comparison of shoot production on the plants on this 
date shows that both esters were more effective than the 
nitrlle, the esters having caused complete bud inhibition when 
applied at the rate of 0.4 gram per 1000 cubio feet while with 
the nitril© compound the rate necessary to cause complete



COMPARISON OB’ THREE VOLATILE GROWTH SUBSTANCES BASED ON SHOOT GROWTH AND CANS LOSS 

WITH AMI QUINARD ROSE BUSHES HELD IN COMMON AIR STORAGE. TREATED MARCH 12, 19U1. 

DATA OBTAINED AT THE END OE THE STORAGE PERIOD, MAY 1, ig9l

Concentration of 
growth substances |

a-naphthyl methyl 
acetate

a-■naphthyl ethyl 
acetate

a--naphthyl ace to 
nitrile

in grams per 
1000 cu. ft.
(lo hours at J O ° F . ) 
as gas)

Mean number 
shoots per 
plant. S.E.

*Mean percentage 
dead canes per 
plant. S.E.

Mean number 
shoots per 
plant. S.E.

Mean percentage 
dead canes per 
plant. S.E.

Mean number 
shoots per 
plant. S.E.

Mean percentage 
dead canes per 
plant. S.E.

0.100 90.7 ± 17-87 56.70 ± 11. 20 86.U ± 18.19 65.UO ± 7.65 79.6 ± 8.92 99.90 ± 19.81
0. 200 25.6 ± 5.86 38. SO 8.9l 32.5 - O1*0CP 29.90 ± 6.90 68.5 ± 19.35 96.65 ± 12.95
0.300 2.0 ± 0.9l 2.75 ± 0.53 10.3 * 2.65 8.25 ± 1.25 21.8± 7-02 13.76 ± l.9i

o.9oo 0.0 ± 0.00 11.90 * 7.0t 0.0 ± 0.00 15. 71 ± 2.72 7.9 ± 0.95 9.95 ±. 0.39

0.500 0.0 ± 0.00 29-15 ± 9-97 0.0 ± 0.00 72.65 ± 16.9l 0.0 ± 0.00 26.75 11.50

1.000 0.0 ± 0.00 98.92 ± 12.81 0.0 ± 0.00 59.90 X 13.71 0.0 0.00 60.70 ± 19. UO

2.000 0.0 ± 0.00 65.75 ± 2.90 0.0 ± 0.00 76.79 ± 9.90 0.0 X 0.00 82.50 ± 2.1 7
3.000 j 0.0 * 0.00 90.50 ± 0.75 0.0 * 0.00 89.90 ± 2.75 0.0 X 0.00 98.90 ± 1.86

Controls I 65.s *
I

7.83 U5.S i 8.02 - - - -

* 20 plants per treatment. Percentage dead canes calculated from length of dead to total 
cane length per plant.
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inhibition was G.i gram par iOOO cubic feet, J*urther, the 
methyl ester was slightly superior to the ethyl ester Ccom
paring both at the 0.3 gram concentration). At the lowest 
concentration used (0.1 gram per 1000 cubic feet) however, 
all three compounds caused an increase in number of shoots 
produced per plant in comparison with the control plants, 
from the standpoint of bud inhibition, therefore the results 
obtained in the present experiments suggest that of these 
three compound a applied as vapors the two esters would appear 
to be the most effective. Of some consideration also is the 
fact that the esters do not release any substance toxic to 
animals, whereas the nitrile compound contains a cyanide 
group that may be released In toxic Quantities upon 
volatilisation of the compound.

Injury from a relatively high concentration of growth 
substance was noted early in the experiments and, as shown 
in table 5 may result in very severe cane loss while the 
plants are in common storage. Cane injury in the 1940 - 1941 
season was much less severe than in 1939 - 1940. To a lesser 
degree this seasonal effect held for plants in comparable 
treatments with growth substance. Although, the nature of 
the growing season prior to storage as Influencing plant 
reserves may have influenced the degree of injury, and the 
much higher temperatures encountered during February and 
March of the 1940 storage period may have also been a factor.

fh© injury was noticeably different in the control lots 
than in the lots treated with growth substance. In the
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former. the 45.8 per cent injury i table 5) was largely am© 
to can© destruction by disease organisms, starting in the 
tender etiolated shoots and working back into the canes 
f figure 11). Material injured by growth regulating sub
stances applied in strong gaseous concentrations was first 
evidenced by th© appearance of small black sunken areas in 
th© internodal regions at and near the ends of the canes*
With the three compound a applied as gases at high concentra
tions of i, 2 and 3 grams per 1000 cubic feet, injury ex
tended over the entire length of the canes, usually r©suiting 
in death, figure 1:2 3 illustrates plants severely injured by 
a 2 grams per 1000 cubic feet concentration of a-naphthyl- 
!cethylacetate. Molds commonly found on the control lots were 
not usually found on the treated plant a. or if spores were 
present. they did not germinate ( figure 3 A and 3)•

Th© reduction in amount of cane loss found on plants 
treated with 0.3 gram >f a-naphthylmethylacetate per 10C0 
cubic feet would suggest that this compound had some direct 
fungicidal action. To determine if this were true, rose 
cane media were prepared by cutting the canes into 1/4 inch 
lengths, boiling them in 200 cc. flasks in water for 1 hour 
and autoelaving to produce sterile cultures. These media 
were then transferred to large 9 inch sterile culture dishes, 
so that a single layer of the cane pieces covered the bottom 
of each dish. The dishes were then Inoculated with a pur©
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figure IS. Appearance of the injury due to highly con
centrated volatilised growth substance.(A). Dormant and uninjured Ami Qulnard 
rose stems with slightly calloused ends 
after 60 days In common storage resulting 
from low concentration of 0.3 gram per 
1000 cubic feet a-naphthylmethylacetate. 
(3), Almost complete hilling of canes as 
a result of application of the same 
compound at the rate of two grams per 
1000 cubic feet, showing the characteristic 
black "pitting* type of injury that was 
found.
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oniture of Botrytis sp.* a mold organism obtained from badly 
Infected rose bushes*

After standing over-night the mold had developed and 
covered an area of about one inch in diameter* fen dishes 
for each treatment were then selected, and treated respectively 
with a-naphthalenemetkylacetate at the rate of 0.3. 0*5 and 
1 gram per 1000 cubic feet for 17 hours at 70° Fahrenheit.
Bubsequent to treatment the dlohes, along with 10 inoculated 
controls were moved into the common storage room which could 
be maintained at 38° to 42° Fahrenheit during the test*

fhe time, in days, required for moia to completely cover 
the media in the bottom of the dishes was used as an index of 
the effectiveness of treatment* The following results were 
obtained; the control dishes developed mold growth in 2 to 
4 days with a mean of 3*5 days; 0*3 gram concentration of 
growth substance ranged from IE to 15 days, and mean of IE.4 
days; 1 gram concentration ranged from 15 to El days having 
a mean of 17.7 days* These results Indicate that the growth 
substance treatments had a pronounced delaying action on 
mold growth which is further shown in figure 13. However, 
complete mold destruction was not accomplished in any of the 
treated dishes* It is possible that the delay in mold growth

^Acknowledgement is made to Dr. J. S. Cooley who kindly 
prepared the pure culture of this organism and who was freely 
consulted on the pathological phases of the problem*
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A B

figure 13. Suppression of mold growth on rose cane media 
* by growth substance* A* Control*

B* trested with 1*0 gram a-naphthylmethyl~ 
acetate per 1000 cubic feet. Both lots held 
in common storage after treatment* photograph 
taken at the end of IS days. It is evident 
that mold growth was checked by the chemical 
treatment, however, complete mold destruction 
was not accomplished*
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amounting to 12 days in th© Q.5 gram tre&tment and 17.7 d&ys 
in th® 1 gram treatment may prove helpful in suppressing 
mold growth on plants in eommon storage. However, the data 
in table 5 show that application of both of these concentra- 
tions of a^miphthalenemethylacstate to intact rose bushes 
resulted in moderate to sever© can® injury.

fhe prophylactic effect of the 0.3 gram treatment of 
this compound as indicated in table 5 and illustrated by the 
appearance of canes in figure 12 .1 would appear to b© largely 
due to a suppression of shoot growth, which provide media for 
molds, even though this treatment may also b@ mildly fungicidal, 
further, no visible sign of chemical injury was noted at this 
relatively low concentration (0.3 gram per 1000 cubic feet) as 
was found at the higher.

Plants treated with the relatively high ooncentration of 
1.0 gram of a-naphthylmethylaoetat® also showed heavy callous 
forma lion in addition to injury, figure 14 A. Some callous 
formation would appear desirable since it tended to seal the 
cut ends of th© canes, and prevent the entrance of mold 
organisms. Too much callous production, however, would tend 
to deplete stored food reserves similar to depletion caused 
by shoot growth on the untreated controls.

Callous formation appeared to be about optimum with 
plants treated at 0.3 gram per 1000 cubic feet. Many of 
these plants also developed roots on the variety canes 
figure 14 B. Whether or not this effect would be desirable 
fro® a cultural standpoint would depend largely on how well
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figure 14. (A), Excessive callous formation and cane injury
on rose stems In ooamon storage, following too concentrated an application of volatile growth 
suhstance, 1.0 gram of a~naphthylmethylaeetate per 1000 oablo feet. (8), Boot formation on 
similar plants treated at .5 gram per 1000 ouMo feet.



31

a particular rose variety would grow on Its own roots as 
compare a with roots of loss multi flora or other rose stocks*
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Sffeet of Temperatures, length of the 
Treatment Interval and Concentration 
of Growth Substance on Dormancy

1940-1941. the temperature within common storage houses 
fluctuates over a wide range during the storage season* As 
shown in table 6 this temperature fluctuation may extend from 
around 32° Fahrenheit up to 50° Fahrenheit in the same season* 

When it is possible to maintain the common storage at 
temperatures of from 32® to 39° Fahrenheit the nurseryman 
usually encounters little difficulty in holding rose bushes 
in a dormant condition during the normal storage season* 
However, beginning about April 1 (table 6), and in some years 
somewhat earlier than this date, the temperature within the 
common storage house raises to 40° Fahrenheit and above*
Bose bushes will show some vegetative activity after pro
longed storage even at 32° Fahrenheit, at 40° Fahrenheit and 
above shoot production is usually quite rapid*

Treatment with chemicals to prolong the dormant period 
of rose bushes should be applied when the plants are still 
dormant, normally at this time the storage house would be 
operating at a relatively low temperature* Other work has 
shown that temperature at the time that growth substances 
are applied to plants may greatly affect the response obtained 
from a given concentrationu

It would seem necessary, therefore, for effectiveness of 
treatment to prolong dormancy of rose bushes by chemical 
treatment, either to remove the bushes from storage to a warm
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TAB LI 6.

Waalcly Mean Temperature is Common 
Storage Bouse from 

January 6 Until May 5, 1941

Mean
Tamp.

Bate __________f._______  Data
Jan 6 Mar 10

to 34.6 to
Jan IB Mar 17
Jan 13 Mar 17

to 33*0 to
Jan BO Mar 24
Jan 20 Mar 24

to 32.9 to
Jan 27 Mar 31
Jan 27 Mar 31

to 36.3 to
fab 3 Apr 7
fab 3 Apr 7

to 38*4 to
fab 10 Apr 14
fab 10 Apr 14

to 36*6 to
fab 17 Apr 21
fab 17 Apr 21

to 36.3 to
fab 24 Apr 88
fab 24 Apr 28

to 37.7 to
Mar 3 May 3
Mar 3

to 33.4
Mar 10

Mean 
Tamp, 
f.___

36.4

38.1

40.4 

41.3 

44.6

46.1 

60.9 

§2.6
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room, or to rsi se the temperature of the common storage it
self* The former would involve the use of considerable 
extra labor, sins e many of the storage houses normally store 
from l/g to several million bushes while the latter method 
would not be desirable because of th# length of time that
would be required to bring th® storage house b&efc to a
favorable storage temperature* An experiment with gaseous 
method of application was set up, therefore, to determine to 
what extent a lengthening of the treatment interval, or an 
increase in concentration "of growth substance might tend to 
increase th® effects under low temperature*

The temperatures selected for treatment were 33°
Fahrenheit and 40° Fahrenheit, to represent temperature con
ditions that may be encountered und©r common storage* Similar 
seta of plants were treated at 70° Fahrenheit to represent 
treatment at normal room temperature* The 3&° Fahrenheit 
temperature was secured by treating in an art!flcally cooled 
room at 32° t 1° Fahrenheit* The common storage room was 
used for treating at 40® Fahrenheit, since it was found to be 
operating at that temperature* A small laboratory room was 
used in treating plants at 70° Fahrenheit*

Treatment was of 1, 4, and 16 hours duration with 
a-naphthylmethylaoetate at four concentrations, 0*10 gram,
0.30 gram, 0.5 gram and 1.00 gram per 1000 cubic feet for 
each of the temperatures and treatment intervals used*

In the experimental set-up, 36 lots of Ami ^uinard 
bushes composed of 30 plants per lot were used. iSaoh lot
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of EC plants was selected for uniformity and prior to treat
ment was placed In a war-paper-lined half bushel basfcet with 
moist peat-sand mixture settled about the roots to prevent 
drying. Since the same room was used throughout in treating 
at each of the three temperatures, and an overnight (16 hours) 
treatment Interval was included for each concentration of 
growth substance tested. It was necessary to have a time lag 
of 4 days from the time that the lowest concentrations were 
applied on March IE. 1941. until completion of treatment with 
the highest on March 1?. 1941. -The plants were removed from 
and returned to common storage with only a brief time allowed 
for lante to reach temperature of the treatment room before 
treatment.

The temperatures, treatment interval and concentrations 
of growth substances that were used are shown in table 7, as 
well as the mean number of shoots produced on plants in the 
different lots by May 5, 1941.

The plants showed much variability as indicated from the 
fact that at the § per cent level, differences of 7.4 shoots 
were required for significance, while at the 1 per cent level 
this was Increased to 11.9 shoots for highly significant 
differences between treatments.

The data shown in table 7 indicate that growth substance 
treatments will effectively control shoot growth on rose 
bushes in storage, even though such applications are made at 
a temperature of Sg° Fahrenheit, as both 0.60 gram and 1.00 
gram concentration per 1000 cubic feet were effective when



EFFECT OF CONCENTRATION OF GROWTH SUBSTANCE, TEMPERATURE AND LENGTH OF 

THE TREATMENT INTERVAL UPON THE NUMBER OF SHOOTS DEVELOPING ON AMI QUINARD 

ROSE BUSHES DURING COMMON STORAGE. TREATED MARCH 12 to MARCH 1 7 , 19 4l. 

MEAN* NUMBER OF SHOOTS GROWN OUT BY MAY 5, ig4l.

Temperature
during

Length of 
treatment Mean numher of shoots per lot

treatment in hours
.10 gram** .7 0 gram .5 0  gram 1.0 gram

1 115.25 9 8 .1 5 90.42 22.65
■zpo F.

4 98.50 40.75 2 6O 7 6.20

16 79.75 1 0 . 30 3.50 .. 3.65

1 75.00 28.46 1 6 .0 0 1 5 .1 2
40° F.

4 80.04 1 1 .2 5 4.50 0.00

16 8 3 .6 0 0.00 1 .5 0 0.00***

1 75.05 12.64 5.24 0.00***
70° F.

4 79.00 7.92 6.95 0.00***

16 75.26 ___3.08 1.25 0.00***

* 20 plants per treatment

** Concentration of a-naphthylmethylacetate gas per 1000 cu. ft.

*** Severe plant injury

Difference necessary for significance at 5 ^ level J.4^
at 1 % level 11.93
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applied over a IS hour period* It should he emphasised 
however that the higher, 1*00 gram, concentration would not 
he considered safe to use, sinoe considerable cane injury 
took place In several lota receiving this amount of the same 
growth substance I figure 16 B). thus, treating at 32° 
Fahrenheit, the 0*3 to 0.6 gram concentration with a 16 hour 
treatment interval would appear to be preferable sines it 
was equally effective and is not as likely to induce injury.

Bushes that were treated at 40° Fahrenheit were kept 
completely dormant by the 0*3 gram concentration applied over 
a 16 hour period ( figure 16)* Similar plants treated for 
4 hours with 0.6 gram of the same growth substance were not 
slgaif iosntly different In shoot growth at the 1 per cent 
level.

Ho significant benefit in shoot inhibition was found 
from extending the treatment Interval beyond 1 hour when 
growth substance was applied at 70° Fahrenheit, except 
possibly in comparing 1 hour with 16 hours at 0.3 gram con
centration, table 7.

Applications of 0.10 gram of a-naphthylmethylacetate at 
each of the three temperatures and for each of the three 
intervals of treatment used, not only did not inhibit shoot 
production but appeared to cause a stimulation (figure 16 A) 
in their development, as comparable control plants included 
in another experiment produced a mean of 66.i shoots per plant. 
A similar effect has been noted by Bennet and Skoog (7) and by 
Tegis (67), fhe most pronounced stimulation occurred in plants



n « v «  1*. A, Ami Qalnard plants stimulated In ahoot ' yretsstlen by O.lt i n s  per 1000 cckl< feet - 
for 1 hour at » r  Fahrenheit volatilised growth sabs tones trsataaat ant >. . Siallar 
plants severely tanged hy 1.0 gran per 
1000 sable feet for 16 hoars at 40° Fahrenheit 
volatilised growth substance treatment.
Orowth aabstanee used In both eases was
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3

figure 16* A. Control plants (Ami 4uinard).
8. Similar plants treated with 0*3 gram 
a-naphthylmethylacetate for 16 hoars at 
40° Fahrenheit. Treated on March 17. 1941. 
and both lpts held in common storage. 
Photographs taken on Kay 1. 1941. The 
growth substance treatment has inhibited 
bad growth without apparently Injuring the 
plants.
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treat*& with 0*10 gram of growth substance for 1 hour at 
3g° Fahrenheit, in this lot of plants, almoat every hud 
appeared to break and produce shoots so that by the end of 
the storage period a mean of H i  shoots per plant had 
developed (figure 15 A).

*
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Effect of Applying Growth Begulating 
Sab stance la Partial Ta sates

1940-1941 . The purpose of using a partial vacuum was to 
determine if. by causing better gaseous penetration of the 
growth substance between the but scales of dormant buds, the 
effectiveness of a given concentration might be increased. 
This would permit the more effective use of a lower concen
tration of growth substance, with the added advantage of 
little or no plant injury.

The effectiveness of fumigants such as hydrocyanic acid 
gas has been found to be increased by using a reduced 
pressure in treating. Particular benefit was found in the 
control of certain tunneling and boring insects which may 
not be affected by surface applications.

The tanfc used for treating rose bushes with gaseous 
growth substances at reduced pressure is illustrated and 
described in figure 1. k few changes were made that are not 
shown in the illustration. Instead of using a water seal 
to prevent gas from escaping at the lid, it was necessary to 
fill the water seal trough with melted paraffin to seal the 
lid effectively. To remove the lid, the paraffin was melted 
by heating the trough with a blow torch. Two additional 
connections were made in the upper outlet through which the 
thermograph bulb was introduced. One of these connections 
was made with a vacuum gauge, the other to a small vacuum 
pomp run by an electric motor. A partial vacuum of 0.7
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atmospheres was used during the treatment interval, which 
appeared to he near the maximum reduction that the apparatus 
would maintain.

Two lota of SO plants each of Ami -^ulnard rose hushes 
were treated with a-naphthylraethylacetate gas at the rates of 
0-1 and 0.3 gram per 1000 cubic feet for IV hours at 70° 
Fahrenheit. The lower coneentration was applied on March 11# 
the higher on March IS.

As shown In table 8 treatment in partial vacuum did not 
increase significantly the effectiveness of low concentration 
of substance. There was a slight reduction in actual number 
of shoots in both lots treated in partial vacuum, which may 
indicate a tendency for slight beneficial effect. As shown 
elsewhere in this work, growth substance gas appeared to 
condense on surfaces nearest the gas source. Considering the 
very minute quantities used, it is possible that this may 
have occurred and offset any advantage obtained from reduc
ing the atmospheric pressure.
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Mean lumber of Shoots on 30 Bos# Bushes Held 
IB Common Storage 60 Pays, following treatment 
With Qrowth Substance Tolatillead in a Partial

Vacuum

Concentration of 
a-mphthy line t r i 
acetate - grams 
per 1000 on* ft.

.100

.300

treated 17 hours 
at

formal Atmosphere 
Pressure 

Mean    3• H • M .
90.7 i 17.87
26.6 t 6.86

Treated 17 hours 
in

Partial Vacuum
Mean_______ 3.1.1.
82.4 i 19.42
20.3 i 6.98
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Differential Behavior of Bose Varieties in 
Storage and the Effect of Growth dubatane© 

on Bud Inhibition of 15 Varieties*

1940-1941. lot unlike other horticultural material, the 
roa© plant exhibits considerable irregularity from on© 
variety to another in the readiness with which the buds break 
and grow out under the same common air storage condition, a 
number of varieties of hybrid tea and several of the polyantfea 
types are particularly troublesome each year when held in 
common storage. In years that fall temperatures are high 
over extended periods* making it difficult to maintain low 
temperatures in the storage, buds on these varieties ©tart 
active vegetation growth in December. The practice among 
commercial men is to remove the plants from the storage house 
and prune off the new vegetative shoots and then return the 
plants to storage. Usually the apical buds on individual 
canes are first to break and are removed by pruning back 
the canes E to 6 inches. In year© of unfavorably high storage 
temperatures this process may be repeated 3 to 4 times during 
the storage period, so that by the time spring shipment© are 
to be made in March - April, the plants have had a high 
percentage of their tops pruned off.

Even greater plant loss would accrue if the storage 
operator did not adhere to some such procedure, fh© tender 
succulent shoots provide an excellent medium for the growth 
of molds, the spores of which seem to be ever present in
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spite of sanitary measures, and fungicidal sprays that can 
be applied, although such measures are of considerable 
preventive aid. Once the mold organisms have gotten started, 
their development may he very rapid and after destruction of 
the new shoots has taken place, such organisms will work hack 
into the older wood until the greater part or entire top of 
the plant has been destroyed.

Table 9 shows the relative dormant condition of varieties 
of roses found in a large commercial common storage house 
during the 1932*. 1940 and 1941 storage season. Although the 
data are baaed on relative scoring which may very from year 
to year, depending to a large extent on how near the records 
were made to the date that the storage operator had last 
worked over and removed vegetative shoot© and mold from the 
plants examined, as well as climatic seasonal variations, it 
is felt that they are of sufficient value to present here.

The scoring was done by two workers each year and in 
setting up the score sheet the procedure was first to ex
amine the plants in the extire storage room as they appeared 
in the bins. This preliminary examination was continued until 
the scorers were in close agreement with each other on the 
scoring of sample lots. The systematic rating of each variety

* Acknowledgement is made to Dr. ih B. Gardner who
obtained the records in 1932 and which are presented with his 
permi©sion.
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TAB-LM 9.

Relative fendeuoy of Hoa© Varieties 
to Pro&nee Shoots Baring Common Storage

ROSES
Variety Eating Syraiol Variety ftatin nbol Variety Ratinf Symbol

19 V  1940 191a 1Q7? 1240 iqU-

Aavance - - 7 Garten Direktor O ’Linne - 2 3 Margy _ u -
Alazane - 2 - General Jackson - - 2 Mentius Pacelii 2 - -
America - 2 - Girona - 2 7 Miss Rowena Thom 0 2 1
American Beauty Climber — 2 2 Gloaming - ? - Miss Wilimott 0 - -
American Pillar - 2 - Gloria Mundi - 2 7 McGredy1e Sunset - 1
Ami L. Crette - 0 - Golden Clim'ber - 2 1 McGredy's Salmon - - 1
Ami Quinary 2 2 2 Golden Dawn - 2 2 Mrs. Charles Mallerir. - a -
Angels Mater. - 2 2 Golden Gleam 0 - -
Aneele Pernet - - - Golden Glow - - National Plcwer Guild 7 0 -
Anne Poulsen - 2 - Golden Main - New Dawn - - 2
Anricot Queen - - 0 Golden Sastago - 7 Orr-.n^e Triumuh - 2 -
Ariel 1 - - Golden State - - Pelnma Folco 1 * -
Atcl 1 - - Good News - 2 ■2 Paul’s Scarlet - 1 -
Autumn - 2 - Grenoble ? 2 1 Paul’s Scarlet Climber - - ?

Gru8B an Aachen 0 - - Permanent 7’= ve - 0 -
belvedere - 2 - Gruss an Teplitz 1 - Perrnr.d - - 7
letter Times - - ? Guin.ee - - F cir.settia - - 1
Petty Pryor - - 1 Harisor.’s Fellow - - Foul sen rir.k - - 1
Betty Uorichard 1 2 Hawlmark Crimson 7 - - r '.risen1 s H - r e r _ - 2
Place - - Heinrich V.'end land - - ? *’.:1 ~ er. 1 = hel.cv _ - 7
Bouquette - - 2 r, Vevaru - - :-'rv-9i->rt ry.-vor - 1
Brazier - - Holstein - 2 - Pr-r-ir-r.t Blur - 2 -

France 1. H  Bur. -n - 1 -
Sari] Ion - - Ideal - 7 ?:• r r^ri tv _ -
Catherine Kordee - Inmerial Potentate 1 - - 0 - 1
Cecile Brunner 0 - - Imnrnved Lafayet*e - - R'-iior.t .yfut: - a -
Charles K. Douglas 2 1 J. Van Res pern 1 - - • 11* _ 7
Charles P. Kilham 7 - Jncotte - - P.-'-. r. 1 cL _ 7
Chris tooher Stone - 1 2 Joar.r.a 1. ill - 2 - " r • 1 -
Charlotte Armstrong - - 0 John Russel 0 - - - BB-diar.cP -
C.natilion - 2 J 0 y c u s Cavalier 7 - - rev. 7. r-re-H*.b-~rt? - -
"iijuin^ American Be- uty - 1 - Jules G=’.jaru 2 - - B : c: n r ;r. h ri hr. t 1 - -

luobia 1 - - J . r.e err. - - 7 ■ c h ef:rt i - -
Condesa Be Sasta^e - 7 1'ardir.al Piffl 1 - - F r u  “ ry - 7
Countess Vandal - r’. A. Viktoria 1 1 r.' t-r. - _
Crested Moos - 0 - Bor.i^ir, Carcla 2 - - i s ,  :-:i-: 1 - -
Crimson Glory - 2 1 Korova - - ' 2. !■!. J. ,-j.ern ‘.•'-•.ry - -

lady Alice Stanley - - .--Uye M^'lerir. _ ?
Painty Bess - Climber - 1 I p. By Ash tor. n c-
lainty Maid - Lacy Mr-rr, Stewart 0 - - "a]mar B^ray - _ -
Game Edith Helen 1 - - I-ady Lesonf iel d - - ':-t rr.in „ 1 1
Lickerzcn1s Red - - Le-rnard Bar or. 2 - - Scorcher _ „
Fickson* e Bed - - Li Bures 1 - - Si -V' nr a _ - -
. ; rector roioic 0 - - i n  v i cr.s - - Silver Mocn _ 1
-i stinction - - loui s Fr: • a? - - 1 r . v.ry _
. ctor r.irk ~ - Bur* - 2 ■ t.-- r T;.-race y _ _
- cttr Van Fleet - 2 ,,v=r.: _

r . thy J '-i ~ e s - i M--belle Stearns - - 7 ■ .. r.ur y, ,r^ 5S _
: : iclcor.s - 1 ? Majorca - 7 - ; , ‘ 1 ‘ a n. 'T.tri- F e 7-7 la. i
- ucr.ess of V-el: ir;*rr -n 1 1 - Mama Lamecch 7 - - ' • ' • ..1  ̂'1 ’j v ’ i u.'J e a 0 1
"uraesfi Be Per.?.r«nde - 2 varup.ret McGrery 2 7 :-uv. l---rre- Ferret 1
- . . . Fc-ulser h-.rcvf'd - - Mari Lot 1 - - 3-uv.Se Mme C. ChamC"rn n

Mart ha Lambert - 2 - Sr-m.iar. Beauty
Peli rse - - P Main- Wallace - n St er];nr 0
Pa el 0 - - M m e . Bnrbier 1 - ■-'.unmer Sr.c-w _ _
Bd.ith Kellie PerK.ir.s - 2 2 Mine. Butterfly 2 1 Sunerb 0
Bui tor McFarland 7 2 2 Mme, Cochet Cochet - 1 Syracuse
B . G. Hill 0 1 Mme, Edouard Herriot 1 - - Ta1i c 1
Blecar.ce - - 1 Mnp. Henri -ruillct - 2 l'fry.15 Cent.pnaiai
F.ieaante - 2 - Mb s . Jules Bouche - n 1 Tonar 1, 7
Rlysse - 2 - Mrs. Aar or. Ward 0 1 - Lr;:h
*-terr.nl south - 7 Mrs. A. R. Wadcell 0 - - V-r.fu and
Btuile -ie Feu 2 - - Mrs. Charles Bell 1 2 - Villa de Paris L,
■'toile de France 7 - - Mrs. 5. P. Thom 0 2 - • •• rravee
Htcile- ce Hollancie 2 2 7 Mrs. Henry Morse 1 - Wecy Field Star
Fa i er.ee - 2 ? Mrs. John Laiu~ - - "hite Pria.rcliff
Bederico Cas^s 1 2 - Mrs. Pierre S. du Pont 2 - - White K i H a r n e y
Feu Ferret Bucher - 2 Mrs, H. M. Finch - ? - Wichuriana 7
F. J-. Grcotendorst - 1 - Mrs. Sam McGreby - 2 - ilhelm Lories 1
hi z sh - 2 Mrs. Swi scher 1 - - Ji : ov.me re
7r” i Karl Lruschki - - Mrs. W. L^mon 2 - - ••ill _ 1

0 s Mo had® starting growth,
1 * jfew buds starting growth.
g * Moderate number of buds starting* 
3 * Verf pronoun©@& ahoot growth*
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In the house was then made. In eases where the two scorers 
did not agree in their rating of a particular lot, the lot 
was reexamined. A few smaller lots were made up of 
approximately 500 plants, hut for the most part each variety 
scored consisted of from 1000 to several thousand plants each.

In order to determine whether or not varieties would 
differ widely in their response to chemical treatment to 
prolong the dormant period, fifteen varieties were selected 
for auoh a test. Included were those that start vegetative 
growth quickly as well as those that are more slow in break
ing bud when held In common air storage. The varieties 
selected were given a gas treatment at room temperature 
(70° to 72°) for 17 hours with a-naphthylmethylacetate in 
three concentrations vis. 0.1 gram, 0.3 gram and 0.5 gram 
per 1000 cubic feet. The plants were selected for uniformity 
In size of canes and pruned to 4 to 6 canes of approximately 
equal length on each plant, 20 plants were used in each con
centration of growth substance tested and BO plants were 
included as untreated controls so that a total of 80 plants 
of each variety were used. The treatments were applied on 
March 30 and the plants held for 60 days in a common air 
storage. At the end of this time the control plants in all 
varieties and certain of the treated lots were showing con
siderable shoot growth. After recording the number and 
length of etiolated shoots per plant which had grown out In 
storage the shoots were removed and the plants transferred 
to a 65° to 70° Fahrenheit greenhouse for forcing. Although
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the plants in some variety lots had started active growth 
sooner than others at the end of 9 days in the greenhouse, 
all started and by the 14th day when growth was well advanced, 
a reeord was made of the number and length of new shoots that 
had been produced.

A summary of the results obtained are shown in table 10, 
although data on the length of shoots are not Included in the 
table In all cases these data were of the same relative 
magnitude as the bud count data.

It is apparent that the varieties did not respond alike 
in ell cases to a particular treatment given to prolong the 
dormant period while in storage. 2he varieties Chstillon, 
Topes and Poulsen’s yellow were the most difficult on© to keep 
in a dormant condition by treatment. 2hey arc also varieties 
that tend to start growth sooner under commercial common 
storage conditions.

Treatment with 0.1 gram a-naphthylmethylacetate tended 
to cause more buds to break than on the tintrested control 
plants In all varieties but one of the fifteen under test. 
Statistical analysis of the data shows that in the case of 
6 varieties this increase In bud break was significant 
( & per cent level) and with 4 varieties this effect was 
highly significant (1 per cent level). It would appear from 
these results that low concentration of growth regulating 
substance when applied to rose plants tend to break dormancy 
or stimulate more shoots to elongate in common air storage 
than on similar plants not receiving such treatment. This
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SHOOT DEVELOPMENT IK COMMON STORAGE OF 1? VARIETIES GE ROSE BUSHES 60 DAYS 

A .-'TER TREATMENT WITH GROWTH SUBSTANCE, ALSO SUBSEQUENT SHOOT DEVELOPMENT ON 

THE SAME PLANTS AFTER lU DAYS IN A 6o°- 65°F. GREENHOUSE.

Treated Jan. SO, 19U1 . Record Anril 1, 19*+!.

Variety

Mean* number of shoots proven 0ut 
per plant in common storage

Mean number of 
the same plants 
greenhouse

hoots ner plant cn 
after lU days in

Control
olants

Concentration of 
a-nauhthyl methyl acetp.te 

ter 1000 cu. ft.
Control
plants

Concentration of 
a-nanhthyl methyl acetate 

ner 1000 cu. ft.

.1 gram . 7 gram .5 gram .1 gram .t gram .5 gram
Ami Quir.ard 15.65 70.10 0.00 0.00 U.oo 7.90 12.00 10 .50

Chatillon 6b. Ub 128.05 65. Uo 11.70 22.06 20.B0 U5.10 72.85

Duouesa de Penaranda 7. ?o U.bO 0 .no*» 0 .2 0 U.bO R.95 1 0 .00 1 2. IB

Editor McFa.rland 19.90 UO.OR 0 .0 0 0 .0 0 2.00
1

7.1.0 lU.bB 1 2 .1 0

Edith Nellie Perkins 5.60 15. to 0 .0 0 0 .0 0 U. BB 2 .6 0 11.10 It. 25

Etoile de Holland I P . 05 28.90 O .50 0.00 2.UO U.1B 15.15 18.6b

Girona 5.SO 11.20 0.60 x  0.00 U.bO t.P5 19.10 1 7 .5 0

Golden Dawn P0.05 26.70 0.00 ^0.00 2 .75 U.00 15.05 11.95

Guinee t. 90 U.OB O.no 0.00 U .50 5.35 6 .9 0 8 . 6 b

Margaret McGredy lU.20 1 1 .60 0 .7 0 0.00 2 .65 U.10 16.15 1 2 .0 5

Foulsen's Yellow 26. U5 tp.OR 10.00 X 0.00 11.00 12.90 18.15 16.70
Had i  ance 6.75 12.On 0 . 0 0 0.00 5.20 2 . 6 5 II.U5 It.OB
Ra d io 9 .  bo 1U.8R O . n o *  0.00 ^ 5 7.05 1U.U0 12.10

Ramon Bach lU.UB 20.OB 0 . 0 0 0.00 2 .05 u.10 1 6 .7 0 10. Uf)

T o m e
__________

20. IB 7b. 00 0 . B 0 A  0 .0 0  

..

5 .10 P.95 16.85 lU.BB

* Twenty nlants of each variety ner treatment 

Moderate injury from treatment

Difference necejS6ary for significance: By level 6.os b-j level 10.7^
1- l'-vel 10.^1 i-, level lU.7B

? ,"7



This effect wee also obtained with several other chemical 
applied to the Ami *,uinard variety of roe© in low concentra
tion. The responses obtained with four varieties are 
illustrated in figures 17 # 18, 19 and 20.

Comparison of the 0.3 gram and 0.5 graa of a-naphthyl- 
methylacotat© per 1000 cubic feet treatments shows that 
the former oonoentration is to be preferred, not only was It 
effective in prolonging the dormancy but further it did not 
cause the noticeable cane injury found on 6 varieties treated 
with the stronger concentration (table 10)•

Under greenhouse forcing conditions hybrid tea rose 
plants are grown largely for out flower production. Stem 
length and flower size are of prime importance, for this 
reason, 2 to 3 vigorous shoots per cane are more desirable 
than a larger number of weaker growing shoots. It would 
appear then that since all the hybrid tea roses in this 
variety response study were pruned to 4 to 6 canca, if the 
plants produced m total of 8 to 12 shoots each, this number 
would be considered sufficient for flower production. The 
variety chatillon, a polyantha type would more likely be 
grown us a potted plant and the consideration here would be 
for the production of plants with many shoots to produce an 
abundance of flowers for a massed color effect*

The data in table 10 show that upon removal to the 
greenhouse the control plants were markedly inferior in shoot 
production to either the 0.3 gram or 0.6 gram of aaphthyl- 
methylacstate treated lots. In all 16 varieties this
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a a

Figure 17. l&lth Sellle Perkins Tariety.A. Control 
plants. 1. Plants treated with growth 
substance. treated on January 30, 1941.
Both lota photographed 90 days after treat- 
men t# plants held in o w o a  storage, 

a Treatment was with 0.3 gram a-naphthylmethyl-
aeetate Taper per 1000 eufeio feet for 16
hours at fir Fahrenheit.

• ' ,# . ? _■ : '' ‘ ■ ■
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figure Id. Red Radiance variety* A. Control plants*
B* Growth substance treated January 30,
1041* Photographed, April 1, 1941. 
taken after both lota were in aomann storage 
for 90 days after treatment* Treatment 
consisted of 0*3 gram a-naphthylaethylacetate 
vapor per 1000 cable feet for 16 hours at 
70® Fahrenheit*
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A B

figure 19. lemon Baoh variety. A. Control plants.
B. Growth eabatanoe treated lot. Treated 
on January 30, 1941. Both lots photographed 
on April 1, 1941 c 90 days after treatment, 
plants held in common storage. Treatment was 
with 0.3 gram of a*naphthylaethylaestate vapor 
per 1000 onbie feet for 16 hours at 70° 
Fahrenheit.

«
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figure 20. Chat111on u r U t y *  A. Control flouts.
B .  ' Growth sahetanee t r e a t e d  J a a a a r y  S O .  - 1 0 4 1 .  
Photographed. April 1# 1041 # taken after Both 
lota were In common storage for 00 days after 
treatment. Treatment constated of 0 . 5  gram 
a-naphthylme t hylaoetate Taper per 1000 eafele 
feet for 14 hoars at TO0 Fahrenheit.'
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difference between controls and treated plants is highly 
significant* treatment with 0*1 gram of this chemical 
resulted in no significant difference in shoot production*
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Comparative Behavior of Mature 
and Immature Plants Treated 
With Growth Substance

1#40-1941» Even under the moat optimum conditions for 
growing rose bushes in the field, there appear to be always 
a few at least that are due immature along with the bull: of 
the crop* These bushes constitute material more readily 
Infected by molds when the plant© are stored, and it was felt 
desirable to know whether or not treatment with growth sub
stances may be of mid in handling such plants, either by 
conservation of the limited stored materials present in the 
plants, or by preventing shoot growth that becomes favorable 
media for mold production in storage*

Two lots of plants were selected, one lot having very 
mature canes and showing a relative starch rating C figure 8) 
of 9S.3 i 4*83 In sections taken from the stock portion of 
the plant. The other lot consisted of plants of about the 
same size but which were immature in appearance and were 
found upon sectioning to be BE.6 1 9*45 in relative starch 
content* Each lot was divided so that SO plants received a 
gaseous treatment of 0*3 gram of a na pb t hy 1 me thy 1 ac e t & t e per 
1000 cubic feet for 16 hour© at 70° ifshrenhelt, and BO plants 
were left as untreated controls. The resulting four groups 
were then placed in common storage. Heeords were taken on 
an individual plant basis of the accumulative number of 
shoots produced at interval© throughout the storage period.
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as well as the percentage cane lose per plant based on the 
total cane length and the amount destroyed by molds or other 
causes.

The results are presented In table 11. It is apparent 
that the growth substance treatment to plants of high starch 
content (mature plants) resulted in a very marked reduction 
in shoot growth and in cane loss throughout the storage 
period in comparison with high starch untreated controls.
It should be noted hers, that although broken and weak canes 
were removed from all plants in the test, the remainder of 
the canes were not cut 'beck, normally, some topping is given 
to the bushes before storage, fhe presence of these slightly 
immature tops may have tended to accentuate the differences 
somewhat, since the figures for percentage dead canes at the 
April 16 and May S dates appear somewhat high (3S.S per cent 
and 39.7 per cent respectively) in the control lot.

Comparison of the growth substance treated and control 
plants of low starch content shows that in the early stages 
of the storage period the treatment was effective in con
trolling shoot growth and reducing cans loss. However, the 
effective period was at least m month shorter in duration 
than with plants of high starch content, lot only did the 
treated low starch plants begin to break buds by March 17, 
two weeks before shoots appeared on treated high starch 
plants, but they also appeared to be in a very rapid state 
of decline as evidenced by a significantly greater can© loss 
than the comparable control plants after that date. By
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11.

SHOOT GROWTH AND CANE LOSS ON AMI QUINARD ROSE BUSHES OF HIGH 

AND LOW STARCH CONTENT (MATURE AND IMMATURE) KELL IN COMMON 

STORAGE WITH AND WITHOUT TREATMENT TO PROLONG DORMANCY. 

Treated on January 6, 194l

Plants with high 
starch content

Plants with low 
starch content

Control Treated* Control Treated*

Mean 
no. of 
shoots ,

*Dead
canes

Mean 
no . of 
shoots

%Dead
canes

Mean 
no. of 
shoots

5&
Dead
canes

Mean 
no. of 
shoots

%
Dead
canes

Jan. 6 0 0 0 0 0 0 0 0

Jan. 15 0 0 0 0 0 2.5 0 0

Feb. 1 0 0 0 0 1 .6 l4.6 0 8.4

Feb. 16 1-3 1 .5 0 0 2.7 16 .2 0 10.5

March 3 2.5 4 .5 0 0 3.5 25.5 0 22.6

March 17 6.4 18.8 0 1-3 14.2 29 .8 0.5 39.7
April 1 1 2 .3 28.6 0 2.4 20.8 32.5 13.4 52.5
April 16 18.4 35.2 1 .5 4.7 32 .6 43.5 15 .8 60 .6

May 2 26 .5 39.7 3-8 6.2 46.4 58.4 17.3 73.7

* Treatment = 0.3 gm. a-naphthyl methyl acetate per 1000 cubic feet, 
for lo hours at 70° Fahrenheit.
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May 2 these plants had lost almost 3/4 of their total cane 
length. It would appear from these results that under 
common storage conditions It would be hazardous to hold low 
starch plants over a very long period, even though treatment 
with growth regulating substance may reduce shoot growth and 
the plants may appear to be in excellent condition early In 
the storage period.

The data on ’number of shoots'* for the two control lots 
show that the low starch controls produced a greater number 
of shoots than the high starch controls, especially in the 
last three record periods. In this connection. It should be 
mentioned that the two lots were more nearly alike when 
compared on the basis of * total length of shoots produced.* 
The high starch controls appeared to possess stronger apical 
dominance. These plants produced a few shoots which were 
very strong growers, whereas in the low starch controls the 
plants produced a large number of wash spindly shoots dis
tributed farther downward from the apex of the canes.

The plants were set In the field on May 2 for further 
observation. Botes taken on June 7 were as follows for each 
lot: high starch, control, 1? living, all weak; high starch, 
treated, HO living, 15 vigorous, 5 weak; low starch, control, 
5 living, all very weak; low starch, treated, 2 living, both 
very weak.
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The Ante of 3tarch Disappearance in 
Plants Held in Common and in Gold 
Storage, 32° Fahrenheit as Affooted 
by Treatment with Growth Substance

1940*1941> The data shown in table IS are eonoerned 
with the relative starch content of the stock portion of 
growth substance treated and untreated (control) Ami *iuinard 
rose bushes held in common and in cold storage# Samplings 
for the XXI test were mad© at the beginning of the test and 
periodically at 2 week intervals during storage until the 
plants were field planted on May 5, 1941. Growth substance 
treatment consisted of a gaseous application of a-naphthyl- 
©ethy1acetate at th© rat® of 0#§ gram per 1000 cubic feet 
for 16 hours at TO0 Fahrenheit*

The treatments were applied on March 10, 1941 and the 
first sampling for starch was mad© on that date# This 
sample of 20 plants was selected at random from the entire 
lot of plants used, and would be considered ms represents* 
tive of their relative starch content at that time. Com
parison of th© relative starch present in the wood portion 
of th© stock at this date, March 10, with the readings 
obtained when the plants were received on January 6, showed 
that little ©hang© in relative starch had taken place 
during this pretreatment interval, the former being 82.3, 
the latter 80#5#

As already indicated by ferkes, Scott and Swingle (65) 
th® starch content of rose canes is so variable between canes
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a  -*-A. ^ A. ̂ *

EFFECT OF GROWTH SUBSTANCE ON THE RELATIVE STa RCH CONTENT OF STOCKS OF AMI GUI HARD 

ROSE BUSHES HELD IN COMMON AND IN COLD (32°F) STORAGE, AS SHOWN BY THE I K I TEST

Relative starch content** of rose stocks at 2-week Intervals

Treatment*

3/10/41

0 l4 days 28 days 42 days 56 days

Bark Wood Pith Bark Wood Pith Bark Wood Pith Bark Wood Pith Bark Wood Pi t h

Control plants. 
Common storage. 25.0 8 0 .5 46.0 0 .3 46.2 33-2 0 .0 1^.5 4.5 0 .0 5-7 0 .0 O.r> 11-7 0 . 0

Treated with 
growth substance. 
Common storage

- - - 18.0 70.7 33.2 7.5 59.7 1 7 .0 3.5 49.7 9.7 0 .0 4 i .7 7.1

Control plants 
held in 
32°F. storage

- - - 24.4 71.1 34.8 2 2 .6 6 2 .0 29.7 1 2 .2 5 1 .0 18.5 1 0 .5 ■vO
; 

47
! 7.7

Treated with 
Growth substance. 
32® F. storage

- - - 21.5 72.5 36 .2 25.5 6 5 .O 37.2 15.8 6 0 .5 26.4 1 0 .7 5 6 .5 2 1 .2

* Growth substance = 0.5 gram a-naphthyl methyl acetate per 1000 cu. ft. for l6 hours at 70®F.

** Mean rating of 20 plants sampled.

 5 $ level____________1$  level
Difference necessary for significance: Bark 5 .3  7.4

Wood 1 0 .1 l4.g
Pith 6.9 9.1
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on the mmm& plant that they should not be used for sampling? 
to estimate the starch content of rose plants to determine 
If the plants are mature enough to dig. The data obtained 
on starch content of the can® portion of th© plants used in 
this study merely confirms the findings of the earlier workers* 
The data are so extremely variable that differences in plant 
behavior between treated and untreated lots could not be 
estimated and for this reason they are not presented. How
ever, these data did show that growth aubstance treatment 
apparently did not prevent starch loss in the canes of rose 
bushes sine® by the end of th® 14th day following treatment 
starch could not be found in th© bark in any sections of any 
of th® 30 plants included in either control or treated lots 
held in common or in cold storage* By the end of the 28th 
day following treatment starch was entirely absent from 
bark, wood and pith portions of the canes in all lots*

Starch present in the roots also did not appear to be 
affected by growth substance treatment. There did not 
appear to be large quantities stored at any time in the 
roots of the plants that were used and as with th© canes th® 
data on starch content of the roots were extremely variable* 
Hoot growth which occurred in all lots probably would account 
for th© complete disappearance of starch found in the roots 
by th© end of the 28th day following treatment. Although 
the data on starch content of th® roots ar© variable, growth 
substance treatment did not appear to accelerate or retard 
th© disappearance of this starch. Th® time between sampling
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dates, however probably would b© too great to measure rapid 
changes that may have taken place which may have shown an 
effect of growth substance on starch content of the roots.

As shown in table 12. as well as In figure 21 very rapid 
exit of starch had taken place from the stocks of the common 
storage control plants 14 days after the treatments were 
applied. Apparently, th® experiment was started very near 
th© critical period for starch disappearance. Delay in 
growth aabstance application at this time would anquestionably 
fail to show the pronounced effect on starch that was obtained.

A proportionally greater amount of starch was found 
stored in the wood of th# stock throughout th# entire storage 
period, than in either the bark or pith tissues. The small 
amount present in th® bark was first to disappear, and 
growth substance apparently had slight or no effect on its 
rat# of loss, comparing control and treated lots in common 
storage, table 12.

fhe rate of disappearance of starch from wood and pith 
with plants held in common storage was very markedly reduced 
by growth substance treatment, which was similar to the re
duction in starch loss resulting fro© storage at 32°
Fahrenheit. Ho visible sign of bud breaking or root growth 
were evident on even the common storage control plant® until 
after th® 14th day of treatment. It would appear likely, 
therefore, that growth sabstance had affected those processes 
which bring about starch hydrolysis or which utilize starch 
in respiration, fh© large quantity of shoots that formed on
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L E G E N D
C O N T R O L  P L A N T S

----------------  H E L D  I N C O M M O N  A I R  S T O R A G E
-----------------------”  "  3 2 ° F. C O L D

H E L D  I N  C O M M O N  A I R  S T O R A G E  
,) „ 3 2 = F .  C O L D  ”

cc 20

T R E A T M E N T  .  5  G M.  ^ - N A P H T Y L  M E T H Y L  A C E T A T E
V O L A T I L I Z E D  PER 1000  C U. F T. A l  R S PACE

I 28  3 5
D A Y S  F O L L O W I N G

4 2
T  R E A T M E  N TN U M B E R

figure 21. tat© of at arch disappearance la *w®od* portion 
of the stock of Ami ^oinsrd rose bush©a held 
in common and in cold storage following growth 
substance treatment.
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th# common atorag© control plants later would account for th#

ultimate lose of a large quantity of the stored reserves* 
whether they had originally been present as starch or la some 
other form.

Cold storage at 38° .Fahrenheit is considered near the 
ideal temperatar# for holding rose hushes, treatment with 
growth substances showed no significant effect on th# starch 
present in plants held at this temperature, until near th© 
end of the storage period. At the last two sampling dates 
(table 125 starch was found to be significantly higher in 
th® wood and pith of treated plants than of comparable con
trols held at 32° Fahrenheit. However* at the last sampling 
date the cold storage controls were showing visible vegeta
tive signs of growth, even at this low temperatare. The 
growth substance treated lots were completely dormant in 
both common and cold storage until after field planting.

Judging from these results, if the plants are going to 
be held in 32° fahrenheit storage, application of growth 
substances to rose bushes in order to conserve their starch 
content, would appear to b# of queationabl© benefit* Sub
sequent behavior of similar plants that were field planted, 
however, would seem to justify such treatment, since th® 
treated plants became established in the soil quicker and 
mad# better growth. Bata to support this conclusion are 
presented elsewhere with th© field planting responses that 
were obtained.

Irobably th# most significant effect shown in table 12
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aai figure tl, at least from a practical standpoint, la the 
close similarity of the starch content of plants treated 
with growth substance and hold in common storage with control 
plants held in 3H° fahrenheit storage* Although this effect 
was true only for starch stored in the wood portion of the 
stock, and did not hold to the same degree for starch stored 
in bark or pith, by far the greatest amount of starch was 
found in the wood tissues by the methods of starch estimation 
employed in this study*
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Growth B© spouse a Obtained on Field 
Planted Hose Bushes following Growth 
Bubstanoe Application and Subsequent 
Storage in Common and Cold Storage

1940-1941. Included in each of the lots of plants that 
were used for the relative starch tests previously described, 
was an additional lot that was treated and stored in 
Identically the same way. After storage these plants were 
used in a field planting to determine if any effects of the 
different storage treatments would be reflected in shoot and 
root growth.

Hhese plants at the start of the storage tests had been 
somewhat more critically selected, they had about the same 
volume of top and roots as those used in the starch tests 
but the roots were more uniformly distributed and each plant 
was root-pruned to six primary roots per plant. This selec
tion was not difficult since the plants had all been pro
pagated on rooted multi flora, stem cuttings, which have a 
characteristic form of root system. With such cuttings, 
almost the entire root system originates from a narrow region 
near tbs base of the original cutting and is fairly well 
distributed around the base. Jfurther, the root system is 
composed almost entirely of large coarse roots with very few 
fibrous roots developing the first year in the nursery. This 
is in contrast to rose bushes propagated on multi flora 
seedlings which develop m relatively fine, fibrous and much 
branched root system.



Ihe plants war© planted in the field on May &• The 
20 hushes of each of the 4 treatments shown in table 13 were 
set at a uniform depth with the six primary roots of each 
plant oriented in the same relative positions* This systems tie 
spacing of the roots greatly aided in relocating them to obtain 
counts on new root production* The plants were set in a loose 
sandy loam and kept mulched with strawy manure*

Hoot Growth. The first root counts to determine the 
number of new roots regenerated were mad© one week after 
planting on three of the six primary roots per plant* The next 
counts, a week later, were made on the remaining three primary 
roots not disturbed at the first sampling* The plants were 
then given a two week period for recovery after which (23 days 
after planted), the primary roots sampled originally were 
again examined, two weeks later (48 days after planting), the 
new roots developed on the primary roots examined at the 
second sampling period were again counted* Boot counts were 
discontinued at this time since the plants had made consider
able top growth in some lota* It was felt that further root 
countmay cause a differential disturbance that would inter
fere with data on other plant responses*

It is believed that the system employed in obtaining 
root counts did not materially interfere with normal plant 
growth, and to insure quick recovery, the plants were watered 
immediately after each root sampling and were shaded with a 
l/s bushel basket during the two days that followed* the 
excellent growth mad© by plants in certain lots by the end of
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MEAN NUMBER OF NEW ROOTS PRODUCED ON FIELD-PLANTED AMI QUIKARD ROSE RUSHES 

AFTER TREATMENT IN COMMON AND IN COLD STORAGE WITH GROWTH SUBSTANCE

Treatment**
No.
plants* Number of days following field nlanting May 5> 1991

7 lU 28 k ?

Mean S.F.M.*** M ean S.F.M. Mean S.F.M. M  0 ri n  S * 5^«M  *

Control plants. 
Common storage 13 0 .0  ± 0 .0 0 1 .7 ± 0 .1 5 58.7 * 6.98 110.2 * 16.71

Growth substance 
treated.
Common storage

20 68.9 ± 6 .76 l9l.5 ± 7.^5 189.6 ± 9.70 965.8 * 29.8?

Control plants 
72°F cold storage 20 6 .0 * I .35 86 .8 ±  8.60 270.5 ± 12.29 9g9.5 ± 19.90

Growth substance 
treated
32*F cold storage

20 110.0 * 8 .5 2 ^211.5 * 1M-.13 296.5 * 19.75 516.7 * 1 5 . T0

* Number plants surviving out of 20 planted

** Growth substance = 0.5 gram a-naphthyl acetate rer 1000 cu. ft. for lb hrs.

*** When compared with common storage controls all treatments have highly 
significant t values.
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the growing season is shown in figure 22*
The data on new root development of Ami Qninard rose 

bushes that had been held in common and in cold storage at 
32° Fahrenheit are summarized in table 13. As may be ex
pected the individual roots of a plant, as well as the 
different plants in a particular lot, showed considerable 
variability in new root production*

3inc© but half of the primary roots were examined on 
each plant at a particular sampling date, the values for root 
counts obtained were doubled in all cases so as to be more 
nearly representative of the entire root system*

The very poor production of new roots early in the grow
ing season on the control plants that had been held in common 
storage {table 13 and figure 23) may possibly account for the 
loss of 7 of the 20 plants Included in this lot* The plants 
that lived were very much weaher throughout the growing 
season than those in any other lot* Evidently the stored 
food reserves had been depleted to such a low level, as in
dicated by the starch test made just prior to field planting, 
that insufficient quantity was available to supply demands 
for both new root and shoot growth* On these plants shoots 
developed before new roots were initiated as shown by com
paring common storage controls of table 13 with table 14*
It Is possible that roots were delayed in formation until the 
newly formed leaves could supply the necessary materials for 
root production*

Growth substance treatment to plants In both common and
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figure 88. Shoving relative else of plants and differential 
rate of defoliation on October 80, 1941, of Ami 
*ulnard rose bushes field planted on Majr 5, 1941, 
which had received growth substance treatment.
(A), foreground, common storage plus growth sub* 
stance; (A), background, cold storage plus 
growth substance; (3). cold storage controls;
(0), common storage controls* the two rows of 
plants to the right of 0 are composed of plants 
treated with strong concentrations of 1, 2 and 
3 grams of growth substance per 1000 euble feet 
and were lined out to determine if any poly*
tloldal effects would show up* (Photograph 
aken through a red filter to show the red 

flowers*
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#igure 83. Diagram showing relatlv© rate of new root pro- 
due tion on field planted Ami ^ulnard rose 
bu®has held in common. and in cold storage with 
and without treatment with growth substance. 
#i@ld planted Uay 5. 1941. 56 after
storage treatments were started*
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..3 14.

MEAN SHOOT GROWTH PER PLANT IN MILLIMETERS OP FIELD-PLANTED ROSE BUSHES 

HELD IN COMMON AND IN COLD STORAGE

Treatment* Number
plants

Number of days following field planting May 5> 1991
1

7 1 19 21 28 35 92

Mean S.E.M. Mean S.E.M, Mean S.E.M, Mean S.E.M. Mean S.E.M. Mean S^E.M.

Control plants. 
Common storage.

Treated with 
growth substance. 
Common storage

Control plants 
t2°F.

Cold storage

Treated with 
growth substance 
Cold storage 72°F.

_________ _____

13

20

20

20

___________

8 .0 0 ± 1 .8b 

9 .2 0 ± 1.9l

9-8,50 ± 2 .8 5

6 .0 0 ± 1.73

_______ _____________

1 6 .1 0 ±7-39- 

69.50 ± 3.59-

8 5 .7 5 ± 6.9o

58.75 * 5.92

_  -

9-7.00 ± 1 0 .21  

299.50 ± 12 .21

261.25 ± 10.52

285-50 * 9.97

190.75 * 5.59-

6 7 3.00 * 9 .9 5

518.00 ± 9.69 

785.50 * 8.79

207.75 * 11.25 

10 02 .0 0 ± 16 .50

578.90 ± 11 .95

II69.OO ± 9.95

297.00 * 9.60 

1181.75 * 15.56

600.75 x 12.81

1195.10 x 19.17 

.... _________________

* Growth substance = 0.5 gram a-naphthyl methyl acetate per 1000 cu. ft. for l6 hours at 70° F.



124

cold storage was followed by significantly more root develop
ment during the first week in the field than on similar un
treated plants, table 13. This effect was greatest with 
plants held in cold storage. Oold storage treated plants had 
developed 110 roots per plant 7 days after planting as com
pared with 60 per plant following treatment in common storage.

As shown previously (table 12) , the control plants held 
at 32° 1-ahrenheit had approximately the same relative starch 
content as the treated common storage plants (39.5 and 43.7 
respectively) , at the time of field planting. Theoretically 
they should then be able to produce about the same amount of 
growth from their stored reserves. At the end of the first 
week in the field the cold storage controls had developed an 
average of 6 roots per plant, whereas the treated lots from 
common storage averaged SB roots per plant, table 13. On the 
other hand, the cold storage controls broke buds very rapidly 
after field planting and at the end of the first week had 
produced an average of 48.5 millimeters of new shoots as 
compared with only 9.2 millimeters of shoots in the treated 
lots from oommon storage, table 14. Apparently, in the one 
case, stored reserves were being used up in top growth while 
in the other, new roots were becoming established.

One explanation of the stimulative action of growth sub
stances an root production would appear to be a direct effect 
on the roofs themselves as has been reported for young pecan 
trees by Homberg and Smith (43). Data obtained In these 
experiments would indicate that the effect may be an indirect
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one* It would seem justifiable to conclude that the main 
effect of growth substance treatment under the condition of 
this experiment resulted from inhibition of shoot growth for 
a short interim! after field planting rather than to a direct 
stimulating action on the roots themselves*

Shoot Growth* A summary of the data obtained on shoot 
growth is shown in table 14* Records were taken at weekly 
intervals beginning May 12, 7 days after planting, until 
dune 16, 42 days after the plants were set in the field* 
Blossom production had taken place on many shoots by this 
date, causing a temporary stoppage of growth in them.

The common storage control plants made much poorer top 
growth than any other treatment throughout the growing season. 
Controls from cold storage made an initial flush of growth 
that was greater than in any other treatment. However,
growth substance treated lots from both common and cold
storage caught up with them by the end of 21 days and at the 
end of 4 2 days had produced almost twice as much top growth 
(table 14 and figure 24). the common and cold storage 
treated lots were very similar in amount of growth at this 
time, with 1181 millimetera per plant in the former and 1195 
millimeters in the latter lots* Controls held In cold storage 
had grown but 600 millimeters by this date*

J*ro© these results it would appear that application of 
growth substance to dormant rose bushes may be followed by
better growth of such plants after planting in the field.
The results obtained indicate that the response la not caused
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figure 34. Diagram showing relative rate of new top 
growth on field planted Ami Qotnard rose 
hushes held in common and In cold storage 
with and without treatment with growth 
substance, field planted May 5.1941. 56 
days after storage treatments were started.
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by a direct beneficial action on growing shoots.
Blossom Production. The ultimate alia in growing rose 

bushes la for flower production. In table 15 weekly records 
of blossom production taken from June 10 until October 24 are 
summarized by months on the same plants used in the root and 
shoot growth studies.

As a result of poor root and shoot growth* flower pro
duction on the common storage control plants was low* and 
the flowers had very short stems* Since the cold storage 
control plants started growth earlier than other treatments 
it would seem likely that these plants would blossom sooner. 
Such was not the case. Record s during the month of June 
show that growth substance treated lots, both in common and 
cold storage had produced more blossoms early in the season. 
The flowers also had longer stems particularly those from 
plants treated with growth substance and held in cold storage.

fh© bushes appeared to have two fairly definite peaks of 
flower production. The first occurred in June and early July, 
the second in September and early October. Very few flowers 
were produced during the month of August* table 15. Seasonal 
conditions may account to some extent* at least* for this 
periodic plant response, fhe plants appeared to be semi- 
dormant during this mid-summer rest interval, after which they 
made a second flush of growth on 'which the second fall flower 
crop was produced.

Both control lots, common and cold storage, ceased flower 
production earlier and went into their second (fall) dormancy
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j FLOWSU PRODUCTION OP FIEX-FLANT ED AMI QUINARD ROSE BUSHES FOLLOW-

| ING TREATMENT IN COMMON AND IN COLD STORAGE WITH GROWTH SUBSTANCE
i

iTreatment**| No.
plants*

June 
18 to 70

July 
1 to 71

August 
1 to 71

September 
1 to 70

October 
1 to 24

Total

t Mean S E.M. Mean S.E.M. Mean S.E.M, Mean S.E.M. Mean S.E.M. Mean S.E.M.
1

Control 
plants. |
Common j
storage. |

17
'

0.2? ± 0 . 1 2 2 .0 0 ± 1 .0 1 2 .0 0 ± 0 . 0 0 4.70 ± 0.67
‘

.7 7 * 0 .1 5 9. 50 ± 2.71

1
Growth | 
substance | 
treated, | 
Common 
storage |

pr, 7.20 ± 1 .0 1 U. 7 0 * 1.4p 1 .1 0 ± 0 .U3 8.80 ± 2.Q0 7 .2 5 ± 1.75 01.7? * 6.45

1Control I 
plants 
72° F. cold 
storace |

*0 1.7? * 0.46 5.50 * 1.78 .5 0 * 0.17 b.05 ± "*.01 1 .6 0 ± 0 . 5 2 1?.40 ± 4. 70

Growth j 
substance | 
treated. | 

cola | 
s'torage |

20 4.25 ± 1.9s 8 .3 0 ± 2.4l 1 .5 0 ± 0 .5^ 17.^0 ± 6.25 ;*.?? ± 1 .2 1 71.00 ± g.4p

* Number plants surviving out of 20 planted

** Growth substance = 0.? gram a—naphthyl methyl acetate per 1000 cu. ft. 
for lfc hours at J0°F.
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sooner than either of the growth substance treated lots* 
this effect ia shown to some extent by the lessened flower 
production of the controls during October, table 15, as well 
as the striking differences in amount of foliage shown in 
figure 80* It is felt that this plant response was due to a 
difference in vigor of plants at this time, comparing control 
and treated lota, rather than to any direct effect of growth 
substance in this connection.

The mean number of flowers produced during the season 
by plants in the different lots are also given in table 15.
It Is obvious that cold storage alone was not sufficient to 
obtain optimum flower production. Plants that had received 
a combination of cold storage with growth substance treatment 
produced twice as many flowers per plant during the growing 
season as those receiving cold storage alone; the former pro
duced 31 flowers per plant, the latter 15. Intermediate 
between these two treatments were the plants held in common 
storage with growth substance treatment, these averaged £1 
flowers per plant. The common storage control plants that 
survived produced but 9 flowers per plant, many of which were 
small and with short stems.

Under the conditions of this experiment, growth substance
treatment at the beginning of the common and cold storage
period has Improved the flower producing capacity of rose
bushes. Although treatment was very beneficial to plants
when held in cold storage, even greater benefit was found
from treatment with plants held in common storage, compared 
with the respective control plants*
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Possible Effects of 3-row th 
Substance on Polyploidy 1b Koa*

1941-194%. It has been reported that growth substances 
hay® caused the induction of polyploidy in a number of plants 
somewhat similar to treatment with colchicine*

t% very small quantity of volatilised growth substances 
Is apparently necessary to induce bud inhibition of dormant 
rose bushes, as shown in the experiments that were previously 
mentioned* The chance of applying over-dosag©a of growth 
substances would seem very likely in using such compounds on 
a commercial scale* The very severe injury to plants that 
receive over-dosages has also been described* However, as 
shown in table 5 complete killing was not found in plants 
treated with as much a® 3 grmmn per 1000 cubic feet for 16 
hours at 70° Fahrenheit with a-na ph thalenem©thy1ae©tate• 
although these plants had 90.5 per cent of their tops killed 
back, there were a few apparently uninjured buds at the baa© 
of the canes at the end of the storage period* If polyploidy 
would be a factor in treating rose bushes to keep them 
dormant, since it may alter the varietal characteristics of 
the plant if it occurred, then it would appear likely to 
show up to a greater extent in such over-dosed material. It 
would appear also that plants which were beginning active 
growth when the growth substance treatment was applied would 
also most likely be affected, sine© it has been reported that 
colchicine solutions are moat effective when plants are in
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early stages of growth* An experiment waa undertaken there
fore to determine if polyploidy may not be effected by strong 
growth substance treatments on rose bushes*

Twenty plants of each of three varieties of rose bushes, 
Editor McFarland, Kamon Bach and Haiio which were beginning 
shoot growth from apical buds in common storage were potted 
up in soil and moved into the greenhouse on April 28, 1941* 
the canes were then pruned back removing all shoot growth 
that had developed in storage. After 6 days in the green
house , active bud growth was visible in a number of buds on 
each plant. The 20 plants of each variety were then sepa
rated into four lots of 5 plants each, and a-naphtbyline thy 1 - 
acetate at the rate of 1 gram, 2 gram® and 3 grams per 1000 
cubic feet was applied for 16 hours at 70° Fahrenheit to 
three separate lots of each variety, leaving on© variety lot 
untreated for controls. After treatment with the gaseous 
growth substance the plants were returned to the greenhouse.

On© week later the control plants had started active 
vegetative growth and apparently the plants in the treated 
lots were also about to do likewise. At this time approxi
mately 10 buds were removed from the base of each plant of 
the different treatments as well as the controls. Upon re
moval from the plants the buds were Immediately killed and 
fixed, then sectioned in paraffin by the t-butyl alcohol 
method. After staining with crystal violet and mounting in 
balsam the sections were examined under the oil emersion 
lens of a binocular microscope.
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Detailed examination of 10 to 15 slid©® containing a 
number of successive sections through the growing points of 
approximate!j 50 buds from each of the control plants and 50 
each from the growth substance treated lots yielded the 
following information; all of the control buds showed numerous 
active and apparently normal nuclear divisions; buds having 
received the 1 gram treatment contained noticeably fewer 
divisions than the controls, but the divisions appeared to 
differ in no way from those in the control buds, either in 
the apparent number or behavior of chromosomes that were 
present. The buds from plants treated with 2 grams of growth 
substance per 1000 cubic feet did not show any active nuclear 
division. However, in 5 of the 50 buds of the Boston Bach 
variety that were sectioned in this treatment a number of 
abnormally large nucleated cells were found. Apparently the 
samples were taken either too early or too 1st© to determine 
the chromosomal compliment of these abnormal cells.

Two weeks after treatment all of the plants in the 3 
grams treatment were completely dead, fhis may account for 
the fact that no cellular divisions or abnormal nuclei were 
found in buds of this material that were taken for sectioning.

At the suggestion of Dr. Haig Dermen. all of the rose 
bushes that had received strong {1 grmm or more per 1000 
cubic feet of volatilized compound) dosages of growth sub
stances in any of the storage experiments previously described 
were field planted. These plants were lined out in two rows 
adjacent to the rose planting used in obtaining the growth
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response data already mentioned. as shown in figure 22 i&%ny 
of these plants had died by October 20, 1941. However, those 
that lived throughout the growing season were care fully 
observed for any abnormalities in plant character or flower 
structure. As m result of these observations it was found 
that the few flowers that were produced were normal and the 
plants themselves did not appear to be at variance with com
parable weak growing control plants that had been used in the
common storage experiments#

when the plants were dug in late Uovember, 1941, it was
noted that many large buds had apparently remained dormant 
at the base of the larger canes throughout the growing season. 
These buds were present on the plants when they had been 
treated with growth substance during their previous storage 
period# Therefore, it seemed advisable to attempt to force 
them to grow out# After potting the plants in soil on 
lovember they were moved into a 32° to 43° Fahrenheit green
house to complete their dormancy# following this period, 
they were forced in a warm greenhouse, along with similar 
control plants.

figure 25 shows one of the flowers that was produced 
that was considerably different from the varietal form. The 
larger flower that is shown as well as another not quit© so 
large were found on the same plant. Both of these large 
flowers had 150 petals each, whereas petal counts on 25 
flowers from control plants ranged in number from 65 to BO 
petals each# Another plant of the same variety also produced
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figure 25. I*©ft. flower Of Kamon Baoh variety of rose.
apparently *doubled* In number of petals 
(oount of 150) following treatment with 1 gram of a-naphthylmethylaeetate as gas 
per 1000 oublo feet. Eight, flower from 
control plant of the same variety with 
70 petals.
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a flower with apparently many more petals than those on the 
control plants or other growth substance treated plants*

The appearance of these v*doubled” flowers strongly 
suggests that the relatively high eomcentrations of growth 
substance that were used caused polyploidy in the bade from 
which these flowers developed. It is recognized however, 
that ’doubling''* in the ease of the rose flower obtained here 
is no sure indication of polyploidy but may be merely due 
to the presence of normal petal primordia which require some 
extra stimulus (such as treatment with growth substance) to 
cause these petal primordia to develop. The Individual petals 
on all the flowers produced on plants treated with growth sub
stance while dormant in common storage were* normal in appear
ance* Apparently no formative effects had taken place, as 
noted by iiimmerman and Hitchcock (67) when they applied 
B-naphthexyacetic acid to a number of plants other than rose.

Two of the flowering shoots that produced ’doubledr 
flowers have a number of vegetative buds. These shoots ere 
to be forced out, if possible, to furnish material for pro
pagation as well as for cytologies! studies.

The results obtained in the present experiments show 
that changes in the varietal characteristics of rose plants 
following treatment with growth substance to inhibit shoot 
formation In storage are not likely to occur unless very 
strong concentrations of the active compound® are used, ĵ rom 
a practical standpoint such strong treatment should be 
avoided because of the severe plant injury that accompanies



their use , rendering the plants non-saleable. However„ the 
possibility of ere atlug new plant forme from existing varietal 
forme la suggested.
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The evidence obtained in these experiments on roses 
strongly support Went*a (68) finding that bud inhibition is 
greatest when a continuous supply of growth substance is 
available* The increased effectiveness of growth substances 
whan applied in waac^eamlsion as compared with comparable 
concentration applied in aqueous solutions was apparently 
because the growth substance was condensed and held on the 
plant surface over a period of time. If penetration by 
strong ooncentration of growth substance in a short time were 
a primary factor In bud inhibition, it would seem that the 
aqueous solutions as well as sprays containing a penetrating 
agent, such as ethyl alcohol, would have had an advantage 
since the plants would be able to talc© up growth substance 
from such sprays quicker than from the wax-emulsion sprays* 
This wee not the ease, nor did increasing the penetration of 
the volatile growth substance, a-naphthalenemethylacet&te. 
by applying vapor treatment to plants in u partial vacuum 
show any increased effectiveness os bud inhibition over 
treatment under atmospheric pressure with the sum® rat© of 
application*

Simmerman and Hitchcock (68) have suggested that the 
increased effectiveness of vapor treatments over solution 
treatments with the same growth substance, as also has been 
indicated in the present experiments, was due primarily to
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increased penetration by the vapors* fhey believed vapor 
penetration tools, place in a manner similar to that of 
ethylene gas which they had used in some of their earlier 
experiment a. It appears logical to arrive at this conclusion, 
especially since they obtained relatively faster and more 
pronounced effects from the vapors under the greenhouse con* 
dltions and with the vegetative plants that they used.
However, in the case of dormant rose plants used in the 
present experiments, held in common storage and at tempera
tures of from 32° to 42° Fahrenheit, the increased effective
ness of vapor treatments appeared to arise largely from the 
fact that the vapor condensed in tiny droplets of the 
chemical onto the plant surfaces* Slow volatilization of 
growth substance from these tiny droplets under the low 
temperature conditions employed appeared to be a primary 
factor in the bud inhibiting effects obtained* It is re
cognized that penetration would necessarily be a factor in 
bud inhibition, but in the present experiments it would 
appear that a slow and continuous penetration was most 
effective* Strong evidence in support of this was found 
with rose plants that were kept in. common storage In sealed 
20 gallon containers, together with one drop of a-naphthy 1- 
©ethylacetat® fapproximately 0§ milligrams) soaked into paper 
toweling and hung on© foot above the plants so that it did 
not com© into direct contact with them, sufficient growth 
substance emanated from the paper toweling to cause complete 
bud inhibition over a period of 60 days* Figure 3 shows m
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control lot and a lot treated with growth substance in this 
manner. Apparently, the inhibiting effect could be removed 
at will by removing the plants from containers into the 
greenhouse where shoot development tools place within a 14 
day period.

Injury usually followed when strong concentrations of 
growth substances were applied to dormant rose plants. The 
injury did not appear to be manifest primarily in injury to 
the buds, but showed up as a result of damage to the bark and 
cambium of the intesrnodal regions on the- canes. Evidence of 
this mas found upon removal of the injured plants to the 
greenhouse, where many of the buds on such plants started 
growth, bat subsequently died because of a girdling effect of 
the injured tissues above and below the vegetative buds, This 
is in contrast with the direct bud injury obtained with the
peach and cherry material included in this study, as well as

/

that obtained by Mitchell and Oullinsn (36) with peach and 
pear. The bud scales on most rose varieties seem to fit 
tightly together and are quit© waxy when the plants are 
dormant. Entrance of growth substance as vapors into the 
plant would therefore seem most likely to occur through the 
1anticels of the bark rather than directly into the buds.
'-he first noticeable sign of can® injury appeared as small 
sunken black "pits’* in the bark. These "pita* seemed to be 
centered around the lenticel openings. As injury progressed 
the "pits'" expanded in circumference until they merged, form
ing a continuous sunken black area on the canes.
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Indole&oetlc acid, reported by Went (SB) sand BJcoog and 
Thlmann (46) as effective in bud inhibition on herbaceous 
plants was relatively ineffective with the woody rose plants 
used in the present experiments. Went however, has shown 
that with this compound the concentration necessary to cause 
bud inhibition was very close to the concentration which in
duced injury. It is possible that inhibition, without injury, 
may have been obtained on rose plants employed in the present 
experiments if a coneentration of indoleacetic acid had been 
used that was intermediate between .05 per cent and .01 per 
cent.

A-naphthylmethylaeetate when applied aa a vapor was 
found to have an inhibiting effect on the development of mold 
(Botrytis ap.) on rose bushes held in common storage, fh© 
experiments with the pur© cultures of the mold organism 
suggested that the inhibiting effect may be the result of a 
direct fungicidal action by the growth regulating aubstance* 
However, much of the inhibition of mold on Intact plants 
appeared to be from an indirect effect, since the treated 
plants produced fewer etiolated shoots which are excellent 
media for molds. In addition, treatment resulted in better 
callousing of the cut surfaces of the canes made in pruning 
before storage, thereby making It apparently more difficult 
for the mold to become established on the canes.

Mitchell, llraus and Whitehead (38) and Mitchell and 
Whitehead (39) have found that under some conditions applica
tion of growth regulating substances to bean leaves may have
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a stimulating ©fleet on the rate of starch hydrolysis while 
under others the applications may have no e £ fee t• Evidence 
was obtained In the present experiments Indicating that with 
dormant rose plants stored at relatively low temperatures, 
application of growth regulating substances may have a re
tarding effect on the rat© of starch hydrolysis. The 
greatest retardation in starch loss was obtained with treated.
C 0.5 gram methyl ester per 1000 cubic feet for 16 hoars at 
70° Fahrenheit), plants held in cold storage at 32° fmhrenhelt. 
With plants held in eoaan storage, treatment retarded the 
loss of starch so that at the end of the storage period there 
was no significant difference in relative starch content, as 
indicated by the IKI test, between these plants and similar 
untreated plants held continuously in cold storage (52° 
Fahrenheit). However, the untreated plants during common 
storage produced a larger number of etiolated shoots per 
plant than the treated plants so that it would be difficult 
to estimate how mush of the reserve starch supply was 
utilised in producing shoots and how much was conserved by 
direct action of the growth substance on starch hydrolysis*

Due to the greater amount of stored reserves in the 
plant and a short delay In shoot growth after field planting 
the treated plants from both common and cold storage became 
established in the soil quioher and ultimately produced more 
roots, shoot growth and flowers than comparable plants that 
were not treated with growth regulating substances*
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Under the conditions employed in these experiments 
vegetative buds on rose bushes held in common storage hare 
been effectively Inhibited by synthetic growth regulating 
substances ao that the plants remained dormant throughout 
the normal storage season. The several growth regulating 
substances when applied to dormant rose bushes in concentra
tions that were not injurious Increased the length of time 
that the plants can be safely held in common storage with
out excessive shoot production or mold growth. Applications 
that were too strong caused severe plant injury, while con
centrations that were very low caused a stimulation in the 
number of shoots that were produced.

Two compounds, a~naphthylmethylacetate and a-naphthyl- 
©thylacet&te, both esters- of naphthaleneacetie acid, were 
very effective when applied either in dilute {i/4 per cent) 
wax-emalsion sprays or volatilized into the air surrounding 
the plant tops. When applied in dilate wax-emulsion sprays 
at a concentration of .006 per cent or as vapors at the rat© 
of 0.3 gram per 1000 cubic feet to the plant tops, both of 
the above mentioned esters were equal in effectiveness, 
causing complete bud inhibition on plants held for nearly 
two months in common storage. Similar results were obtained 
with a-n&phthaleneaeetio acid and a-naphthaiene&cetonilrile 
when the concentration of these two compounds in wax-emulsion
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sprays was increased up to .01 per cent* The latter compound 
was also effective when applied in the vapor form at the rate 
of 0.3 gram per 1000 cubic feet*

Treatments with growth regulating compounds were 
effectively applied as a vapor at temperatures varying from 
32° Fahrenheit to 70° Fahrenheit* Application of growth 
regulating substances should be made directly to the vegeta
tive buds that are to be inhibited, especially when the com
pounds ar© applied In spray form* In vapor treatments the 
plants should be placed fairly close to the vapor source as 
it apparently condenses rather quickly* It is believed that 
the effectiveness of both the vapor and the war-emuision 
treatments was due to a slow continuous penetration of the 
growth regulating substances*

Treatment with volatilized a-naphthylmethylacetat© were 
effective on bud inhibition when th© applications were made 
at 32°, 40° and 70° Fahrenheit and the plants were stored in 
common storage following treatment* At the lower temperature® 
of treatment (32° and 40° Fahrenheit) a longer treatment 
interval or a higher eonoentration of growth regulating sub
stance was needed to cause bud Inhibition thft& at the higher 
(70° Fahrenheit). Consequently with plants treated with a 
0*5 gram per 1000 cubic feet concentration of vapor there was 
found no significant difference between 1 hour of treatment 
at 70° Fahrenheit, 4 hours of treatment at 40° Fahrenheit or 
16 hours of treatment at 33° Fahrenheit.

The food reserves (starch) of rose plants were conserved
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while in common storage, as a result of treatment, either by 
a direct inhibiting effect on the hydrolysis of starch or by 
prevention of ahoat growth which utilize th© available re
serves. Ae a result, treated plants after storage produced 
a much greater amount of root and top growth and potentially 
more flowers per plant when field, planted.

Plants that were dug Immature and have a low starch 
reserve were not materially benefited by treatment. Likewise 
the vegetative buds of all varieties of rose may not be 
inhibited to th© same degree by m given treatment, some in
hibition however, might be expected with most varieties.

Another effect that had a practical aspect was the 
inhibiting action of several compounds on mold growth*
Evidence was obtained indicating that these growth regulating 
compounds had a direct fungicidal action. However, of 
possibly greater consideration also was that with plants 
treated with effective bud inhibiting substance there were 
much fewer etiolated shoots produced which establish an easy 
point for mold Infection.

In relation to the nursery practice of placing a number 
of plant species in the same storage room with roses it was 
of interest to not© that treatments that effectively inhibited 
the vegetative buds on rose bushes also caused bud inhibition 
of the following plant materials; apple, pear, peach, cherry 
(ornamental and commercial variety}, mockorange, Japanese maple 
and persimmon. As was found in comparisons between rose 
varieties, a differential response was obtained with different
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plant spaa lea In the degree of bud inhibition and Injury 
that was produced by a particular treatment with growth 
regulating aubatanoe.
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