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THE 1940 GLADIOLUS INVESTIGATION FIELD PLOTS

on the Oregon State College Experiment Station

Connected With

A Study of Treatments for Increasing the Germination

of Gladiolus Cormels



TRTATMENTS FOR INCRTASING THE
GERMINATION OF GLADIOIUS CORMELS

IETRODUCTION

The production of gladiolus corms and flowers in
Oregon haa developed in recent years to a& peint where it
18 one of the more important speciality orops in & rapidly
developing nursery stook industry. In 1939, over 635 scres
of gladiolus were produced in the state of Oregon, with a
cash farm income velue of 3326,000, This phenomenal growth
in the gladiolus industry in Oregon has been due mainly to
the natursl aedaptation of this flower to Oregon’s slimate,
and to the development of certain looalities favorable to
its intensive production.

Although flower production end marketing serve sg en
added souroce of income to these producers, the prinocipal
return from the plantings is in the form of the vegetative
corms used for propagation purposes. One of the ohief
outlets for Oregon grown gladiblue is the Plorids market,
where the sorms sre grown only for the flower spike, which
is ehipped into the populated sreas of the east as & ocut
flower. This practice hae popularized the flower of the
gladiolus to the extent that it has beocome one of the most

widely used flowers in the trade. Its inherent keeping
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gqualities eas & out flower, coupled with the wide diversity
of oolors and typses developed by systematic breeding, has
given it a wide variety of uses in floral desoration.

Closely following the dovelopﬁent of any intensive
agricultural enterprise are the problems relating to
disease and ocultural methods, Although oconsiderable work
has been done along both of these 1lines in the eastern
gladiolus sectione, there has been very little work done
in Oregon in the way of systemetioc research. Considerable
attention hes been given to the disease problems by the
Oregon Experiment Station, but ocultural methods have been
more or leas left up to the individual growers, who have
worked out their present methods more or less by irial and
errore. This paper is to deal with some of the preliminary
work which has been started by the Oregon Experiment Statimn

along the line of these oultural problems.

3oope of the Investigation

A review of the literature on the subjeot of gladiolus
culture reveals much intereat in the investigation of
methods for propegating this flower from the small vegeta-
© tive cormels, These small cormels are planted in mioh the

geme way as seed is sown in the production of certain farm

¢rops. The commersisl growers depend on the small cormel

stook for imoreasing thelr eupply of salable corms. It has
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been realized for some time that the germination, psrtiocu-
larly in some varieties, 1a unsatisfactory under present
commeroial oconditions. This has presented a prodlem not
only of practical importsnce but slso of scientific inter-
eat,

A number of treatments have besen devised by vsarious
investigatoras endeavoring to incresse the germination of
trese cormels. Most of these treatments, however, would
not be practical on & commercisl sceale or have not been
applied under field sonditions.

The present study wss undertsken, therefore, to
éompare the effectivenesgs of the existing treatments, and
&t the same time to endeavor to establish new treastiments

which might have gommeroial possiblilities in the future.

HISTORICAL REVIEW

It was reslized early by fanclers of the gladiolus
flower that the smsll cormels used for increasing thelr
planting stocik hed a naturslly hard shell, inherited from
its distant ancestor from Africa. They observed also that
the various varieties differed in this respect, that sonme
hed a more impervious covering than others-~-which apparent-
ly affeoted germination. The sarly treatments for in-
cieasiug the germination of these vegetative bodies

centered around means for breaking down this impervious



soat and thereby increasing the germinatione.

Work during the lust decade has shown conolusively,
that there are.faotors other than mere seed ocoal structure
that influenos the germinstion of these cormels. That
these cormels go through a reat period of varying length is
wsll establisheds Of late asnother interest in cormel
treatments is that of the effest of fungioiel dip trest~
ments on the viability of the cormel afterward. Little
work hes been done &8 yet on this letter problem, bdut
indications sre that it may prove of decided importance in
the selection of materisls to be used in controlling gledi-

olus diseases,

Influence of the Cormel Coat

C. E. Gersdorff (11) in 1920, resports results obtained
from peeling gladiolus cormels to inorease germinstion. He
peeled 69 verieties of cormels, and obeserved & wide range
in germination between the varieties and within the vari-
eties, Dr. Spencley (26) inereased the germination of hard
ghelled cormele by use of & warm weter bath for short
periods, followed by a 24~hour sosk in Semessn., He regom=
mended that the heat treatment be not prolonged, and that
planting immediastely after treatment be practiced to avoid
rotting of the cormels,

Post (24) at Miohigan State College in 1930, reported



a8 rnumber of treatments to ald cormel germination. His
results showed a great advantage in s J-day sosk in wat;r.
The number of cormels to germinate in esch variety was
consideradly more, excepting the variety, Mrs. F. Pendle-
ton, where a 5~day trestment produced greater germination,
The use of sulfuric sold ranked high, while & hot water
treatment, he found, did not appear desirable since it
materially reduced germination.

Be E. Jones (16) devised & gimple masthod for inoresas-
ing bulblet germination. His trestment consisted of sosk-
ing the cormele for 72 hours under warm conditions, then
trangferring them to moist germinating eloths placed in a
box at 85 to 90 degreee F.., J. B. Maple (21}, slso, con-
firms Jones' method of attacking the problem by using the
shucked "rag-doll™ method.

Starrett (27) reported a different method of attaock,
that of fall planting of the cormels. He found that fall
planting of the cormels resulted in better germination,
due to the aotion of the weather on the hard husks. Little
work haa been done since to confirm these observations.

The usge of sulfuric socid to bresk down the impervious
hard coat of the cormel has been reported from time to
time., Lsaurie (18) reporte resulte obtained from its use.

By 4lpping the cormels in commercial strength sulfurioc aeid
(76% purs) for 10 minutes, he found that he eould inorease

germination from 25 to 50 per cent. Similar results hsave



6
been reported by other workers using soild on seeds having
hard coverings.

Some of the more recent work on cormel treatments for
inoressing germination hss been carried out by Shoemaker
end Adamson (25) at the University of Alberta., They con-
duoted experiments to determine the effest of two pre-
plenting treatments, namely, scarification and sosking in
water. Soarifiocation was effected by breaking the husk
between the fingers. With nsturslly rapid germinating
varieties, sosking proved the best treatment, while in the
case of cormels having comparstively tough seed coats
{hence, germinating rather slowly) ecarification produced
the best results. They found & correlation between ability
to germinate readily and esse in propagetion, and that the
vest index of the ability of a cormel to germinste readily

is undoubtedly the appearance of the cormel cosat.

Influence of the Rest Period

The small ocormels used in propagating the gladiolus
are very dormant in the autumn and early winter, some
varieties even retaining this condition into the growing
season. The slowness of germination and low percentage of
germinations obteined from many varieties have bheen a
source of annoyanee end finsnciel loss to the growers. For

this reason, much of the work on cormel germination treat-
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ments have centered around the matter of rest period bresk-
ing. A number of workers have endeavored to ovsroome this
faoctor both by chemioal and by storage treatments prior to

planting,

Chemioel trcatments. Among the ohemical treatments

used in bresking the rest period in glaaiolus, and thereby
indirectly inoressing total germination, has been the use
of ethylene chlorhydrin. Apparently, the first reported
results obtained from this chemioal are those of Haber
{14) tn 1928. Ueing 1 to 2ec of ethylene shlorhydrin per
liter of water, he found that soaking for 2 hours gave good
resulte in stimulating the bulds into earlier growth, proe
vided the bdulbs were planted immedistely afterward. He
concluded from his results that there is & close deliocate
balance between stimmlation and toxicity in using thess
materials, and it beoomes necessary, therefore, to work out
particular concentrations for each particular type of bulb.
The work of Haber wes followed in 1928 with & peper
prép&red by Miller {22}, in whioh he reports the results
obtained from treatments of gladiolus using wvarious gases,
namely, ethylene, propylene, and ethylens chlorhydrin. Ee
found upon reuniting corms, whioch hsd been osut into halves,
(one half being trested, the other used ss & control) that

the ethylene and soetylene gages greatly hastened germins-



tion or sprouting of the bulbs. Propylene and ethylene
snhlorhydrin, ae well as water soaking, gave negative
results. The gladioll responded to heavy doges of the
gases only; while potatoes failed to stand these heavy
conoentrations.

Denny (1) in 1928, tried various chemicals including
ethylene, scetylene, scetaldehyde, ehloroform, sthyl
{odstde, furfursel, thiourea, sodium nifrate, and ethylene
shlorhydrin for inoreasing the speed of germination snd .
total germination of gladiolus cormels. He found thai
ethylene ohlorhydrin was the only chemiocal of this group
that would effect the desired results.

After their experiments in breaking the rest period
of corms and bulds, Loomis énd Evens (20) suggest thst
vegetative organs containing stored staroh will have their
rest period shortened by ethylene, ethylene ghlorhydrin,
ether, and similar compounds; while organs such a8 bulbs
contalining 1ittle or no stsrch will not show the sazme
response. This theory has survived in the work done Dby
these men with tulips, narciesus, end onion bulbse, gladi-
olus and orocus corms, Irish potato tubers, and apple
twigs.

Using ethylene chlorhydrin for bdreaking the reet
period, Denny (2) found that results varied with the
variety and with the stage of dormeansy at which the treat~

ment was applied, Certsin varieties responded to treat-



" ments spplied within a short time after harvest, while
others d41d not respond satisfactbrily to treatments with
this cnemical until relatively long periods after hervest.
One variety was not affeoted at any stage of its rest
period. Of the other treatments tried, exposure to ethyl~
ene gss and warm temperature storsge were not effective in
breaking the rest period of freshly harvested corms, but
they showed a fevorable effeot by increasing germinstion L{f
applied at & later stage of the rest period.

Weinerd and Decker (28), in experiments in foreing
gladiolt, found that sorms may be forced into early growth
with cerisin chemicals such as ethylene diohloride, or
ethylene chlorhydrin, but found thet such treatments were
not easily standardized and might be ineffective or even
injurious to the corms.

The direet effeet of these gases, partioularly ethyle
ens ohlorhydrin, on the physiologiosl astivity of the
gladiolus corm is reported by Guthrie, Denny, and Miller
{13)s They found that treatments with ethylene chlorhydrin
produced an inocrease in the peroxidese, catelase, and
sulphydryl content and in the pH walue in both the dormant
and non-dormant sorms of gladiolus.

" Denny (3) determined the most pronounced effeoct of
ethylene ohlorhydrin vapors upon the chemicsl composition
of the oorm wes with respect to the reduoing sugars; the

treatments in some cases csusing & decrease in this element
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almost to nothing. Sucrose, however, was higher in the
treeted than in the control series. The treatments omused
inereases in the soluble and decreases in the insoluble
nitrogen content.

The interesting point in these results is the fsot
that the responses are not the same a8 those found when
treating potato and 1lilea. The chemiocsl composition of the
latter was ohanged in some cases in the opposite direction
from that of gladiolus, making it impossible to establish
any genersl biologloal explanstion for the stimulating
effeots on germination.

Hore rssent work by Denny snd Miller (&) has shown
that not only the large corms but also the small dormant
¢ormels may be hastened in germinating by vapors of ethyl-
ene shlorhydrin., With some varieties & gain of from 60 to
90 days was noted in the time required to reash a sertain
stage in germinetion. Still other varieties showed gains
of from 100 to 180 deys. The smount of gain was largest,
not in tests made immediately after harvest, but in those
made at somewhat later periods. The lower values for days
gained in the earlier treatments was atiributed to the
greater dormancy of the cormels snd in the later periods to
thelr lack of dormancy.

Continued trisle by Denny (5) in 1937 further sub-
stantisated the earlier investigations and, at the same

time, oall sttention to the importance of storage tempera~
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tures when treating cormels with ethylene chlorhydrin.
Some verieties showed lerge incresses by treatment affer
storage under either cold or normsl room temperatures while
others remponded to the treatments only after cold gtorage.
That the large corms respond in & simller manner as the
cormels is shown by the results which Denny obtsined (5} in
1987 end (7) 1936 in a8 retrial of the above work using the
large stooke ‘

Of the investigations made by various workers on the
rest-period-breaking qualities of ethyl chlorhydrin, few
heve feiled to observe st lesst some degres of atimulation
from this partioular chemical, Gilbert and Pembler (12),
however, in attempts to hasten germination of winter fore-~
ing stock by exposure to ethylene chlorhydrin fumes, ob-
tained negative results from such treatments. Whether this
was Gue to improper concentretions 1s not reported., It
might be stated here that, of all the results of treatments
presonted in this paper, none show more promigse than those
resulting from the use of ethylene shlorhydrin. This is
egpesislly true when one oonsiders the possibilities for
practiosl application.

Results obtained from the use of chemicals for bresake
ing the rest period of gladiolus have been reported by
Harvey (15) in 1927, For & days before plenting he treated

the corma with alr, ethyl ether, chloroform, and ethylene;
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which gave germinetions of §, 100, 80, and 80 per cent
respeotively 322 days following planting ivr soil. Six days
wae found sufficient to give the desired stimulation.

¥oore (23), {n studiee relative to bresking the
dormency in tulip bulbs, failed to secure any positive
regults from use of sulfuric ether fumes, hydrogen yer-
oxide, potassium ghlorate, Javelle water, or potassium
nitrate, Attempts at breaking the rest period by ilme
mersing the bulbs in warm water were also fruitless, unless

the bulos hed previously been exposed to low temperatures.

Influense of Storage Conditions

Means other than chemlcal treatments have been re-
sorted to in attempting to break the rest period and
inoreassing the germination of bulb-like astrustures. Moore
(23) found that, when Pride of Harrlem tullp bulbs were
exgeéed to cold storage temperatures, & shortening of the
rest per;cd resulted. Bulbs whioch wers never exposed to
temperatures below 25 degrees (. appeasred inospable of
normel development. Catalese aotivity was grestest in
bulds stored at from 1 to 6 degrees C., and was least in
those held at high temperatures without previous exposure
to cold. Low temperatures incressed the sugar oontent of
the bulbs, at the same time deoreasing that of sterch.

Early germination in gladiolus corms was obtsined by
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Loomie (19), =2fter host treatments in storuge. This was
obtained by temperatures from 25 to 40 degrees C., depend~
ing on the length of the slorage period. The milder
temperatures with longer storage was rscommended to avoid
possible injury to the corms. Sucrose wag found to in-
orease in these treatments using high storsge temperstures.
This result was not the ocase where cormels were tried for
foreing.

Denny and Miller (9} report low temperatures, 3 to 10
degrees C. for 60 to 90 days, as effective in shortening
the rest period of glsdiolus cormels, and were distinctly
more favorablc than higher temperstures such as room
temperatures, 29 degrees C. to 35 degrees C. Storasge at
36 degrees C, gave germinations eerlier than et room
temperatures only in the later stages of the rest period.

The sbove results are further substentiated by the
results obtained by Denny {(4) in later investigations.
Even 3 weeks storage st low temperstures hastened the germ-
ination of most varieties of gladiolus corms used.

The latest cormel gsrmination experiments that have
been reported are those of Xlein snd Laver {17) during
1940, In two succeassive years, cormels of severel vari-
etiee of gladiolus were subjeoted to direot sunlight for
different periods, with total dariness as the gontrol. In
both years the speed of germination was hastened by sun~

light exposure prior to planting. A4 2«hour period gave the
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best regulis, with 5 hours elmost as beneficisl. In one
variety, Pasteur, a naturelly poor germinotor, germinetion
wee incressed by exposures up to 15 hours, the longest
light tresatment given. With most varieties, long exposure
decressed germinstion, These investigations may explain
the benefiocial results obtained by certuin Cregon growers,
who found thet by putting their cormels out in the sun
previous to pleanting, they could inoresse the percentage
of gernmination.

Using the work of other investigstors as & vecikground,
it wes hoped by the following investigatione both to check
previous work done and also to sstablish possible new
trestments which might be of practicel velue to the gladi.
olus growsers of the states The work was to sot also as e
chegck on poseible fungidical treatments for the control of
disensse end the reletion possible between treatments of

this tyre and cormel germination.

METHCDS OF PROCELURE

One of the weeknesses noted in results obtalned by
previous workers was the great vsriations in germinstion,
that were obteined with gladiolus cormels. It wes thought
necessary therefore, in the cormel germinastion work to have
suffiolent replicationes of each treatment to care for eome

of the chansce errors in such determinations. Analysis of
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varianoce osloulations were applied alsc to each set of
results in order to determine the significance of the
treatments.

A set mothod was used for each series of treatments,
which made it possidle to use printed forms for resording
the results., This also facilitated the planting of the
cormels, so thet there might be the lesst possidble varis-
tion from one series to another,

Fach treatment within the series was made up of 100
cormels, which were divided upon planting into 10 replica-
tions of 10 cormels each., The ocormels were slgzed by psaes-
ing them over screens mede of galvanized wire of varying
8lzes, The ocormels were graded into three gizes, namely,
1's, 2's, and 3'e; these sizes depending upon whether they
would pass through number 3, 4, and b mesh screens re-
speotively., The size £ cormels were used in most treat-
ments, sinoce it was found thet this slsze was moat repre-
sentative of normsl field plantings.

411 cormels used in eny one series of treatments were
collected from one grower's stock to eliminste the varis-
tions due to handling and storage conditions, In &ll cages
the stocks used came from the same lots in the storsage
houses, to further control any differences that might exist
there,

The treated oormels were planted in ordinary green-

house flats in a uniformly mixed soil. Eaoch flat was
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marked with a specially made markef to give 13 rows to the
flaet with 10 places marked off in easch row for individual
sormels. (See Figure 2) This mede it possible to plant
one replication of the 13 treatments to each flat. The
cormels were placed in the depression left by the marker
and a measured layer of fine sand was sprinkled to a uni-
form depth over the gormels.

The rows were marked with a painted label, to show
the position of each replication in the flat, (See Figure
3) To fasilitate note taking, the number on the label
corresponded to the number of the treatment, A systematic
gystem of replication was used in order that records of a
large nuamber of treatments oould de tsken rapidly. This
systematic method of rotating the replications in each flat
resulted in a distribution of the replications in practi-
cally every possible positlon in the flats.

Thg plantings were watered as uniformly as possible,
even though there were sufficlent replications to take care
of any possidle varistion due to moisture sonditions.

Germination reoords were taken at varying intervsle
during the two months that the series were run. The
gerninetion counts were tabulated on specially prepared
forms which were designed to make statistical analysis of
the data as easy as possible. By using s uniform set of
tables for esch series of treatments, much of the chance

error was removed.



Pigure 2, A section of flats used in the germinstion
studies, showing method of arranging iresatment repli-
cationg and flats.

Figure 3, Close-up view of flats showing arrsngement
of row treatments with germinsasting cormels,
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Controls

In each series of treatments, a number of checks were
uged to determine the normal germination when no treatment
wag given, Two types of oontrols were used, one being
given 8 24 hour sosk in water oslled s wet cheok, and
another to which no trestment was given, designated as &
dry ocheck. It was thought, thet this would provide a
means for cheoking treatments in which water solutions were

used.

EXPERIMENTAL DISCUSSION
KNormsl Cormel Germination

It has been observed for some time that field germinse
tion of gladiolus cormels was quite varied, depending upon
the variety in question. In order to spproesch some estimste
a8 to the normel or averasge germination of some of the well
known varieties, s number of untreeted lots of these were
planted to obtain this date. It was hoped in this way to
establish normal germinetion figures for oconditions under
which the treated cormels were to be grown. These re-
sultant figures impress one more fully of the neocessity for
treatments to inorease the germination of certain varieties,

while others apperently have quite sstisfactory germins-
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tions without treatments.

The results of this study are shown in Table 1, where
the varieties are listed in order of total peroentage
geraination, both for cormels from bulbd stock and for
bulblet or ocormel stock. The cormels from buld stock are
those from large corms when harvested, while cormels from
bulblet stock are those from small cormels on harvesting,
The difference, of course, is in the age of the stock from
whieli they came. |

A study of Table 1, shows & gresat variation in the
germination of various vérieties, with such varieties as
Veilghendlau, Bill Sawden, ilford, end others being quite
low as compared with high germinating varieties such ss
Golden Cup, Gate of Hesven, and others. HNo varieties,
however, show anywhere near perfeot natural germination,
further strengthening the argument in favor of treatments
for inoreasing cormel germinstions The normal siages in
gladiolus cormel germination are pletared in the pholograph
in Figure 4.

An interesting observation, in paseing, is the dif-
ference botween the germirnation of the iiinuet cormels from
two season's orops. Those harvestcd in 1938 end held over
& year without planting show & subatantisl gein in germine-
tion over those of the 1339 orop, not given the extra yesar

of rest.

The other outstanding fact shown by this study is the



Pigure 4. XNormal cormel germination, showing develop-
ment of fidrous roots, shoot, and later formation of
large succulent taproot.

Figure 6. Bnlerged cormel from Pigure 5 (second from
left) with husk removed, showing blighted shoot
section with development of en adventitious shoot at
the point of normsl root origin.

FPigure 5. Husked Dr. Bennett cormels after third week
of the germination period, showing one of the gladiolus
discases destroying the cormel. (Cne of the ocsuses of
poor germinstion end plant development)
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difference in speed of germinstion found between the
cormels from bulb and bulblet stock. Those from cormel
stookx, although apparently not resulting in any higher
totsl germination, germinated more rapidly then the average
of the cormels from bulbs or older stook. This differenoce
hea also been reported by growers, who have observed a
difference in total germination in favor of those cormels
from duld stook, slthough they were a8 little later in
germinating. This ie probably & matter of difference in
thicikness of cormel coat and smount of stored food msteri-
al; one, in favor of the bulblet stosk in one case, and the
other in favor of the bulb stock.

From the date obtained and reoorded in Table 1, it was
thought desirable to use cormels of Veilechenblau, Bill
Sawden, and other varieties normally low in germination.

It was considered that these would probably show grester

response to sny beneficial treatment.

Preliminary Trectments

In order to obtain some idea as to the effectiveness
of treatmentes already recommended by previous workers as
well ag new and untried trestments, a series of treatments
was run with thie in mind. 8ince, fungidioal dips are more
or less standardized as to concentration eto,, these were

included in this series of treatments to systemstically
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check the desirability of using the various ones as to their
effect on germination.

The treatments were made in Jsnusry using oeormels of
the Dr, Bennett variety. Records on germination were taken
at intervals during & period of two months. The results
obtained from the various treamtments are regorded in Table
Z, showing the trend of germination and the final total
germinstion. The replications are totaled togzether to give
this totsl germinstion figure in the table. The snalysis
of variance results are given at the end of each table to
show treatments resulting in germinations signiflcantly
greatey or smaller than the check or control geries. This
method 18 used throughout this paper in presenting the re-

gults,

Buhked gormela. Prom a study of Table 2, the effeot

of the cormel husk on germinating ability of the oormel 1is
readily seen. As oompared with the highest control of 28
per cent germination, the shucked lot wsas 81 per oent.

This was later found to be the case in all treatments. The
mechanical dbarrier formed by the husk against the processes
of germination is illmstrated by the enlarged cormels
pictured in the photograph in Figure 8, The 3X enlargement
shows amall rootlets unable to penetrate the impervious
husk, and sre therefore pressed into small tibbons of tissne

by the pressure developed. This gquestion of the influence
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of the husik in the processes of germination will be taken

up in more detail in later disocussions.

Fungiocidal dips. The data presented in Table 2,

definitely shows bi-chloride of mercury to be an undesirs
able treatment for gladiolus diseases, since it retards snd
lowers the total germinetion of the cormels, Stetistiocsal
analysis verifles this statements Lye and oresol treat-
ments, while not showing a8 high germination as the dry
cheaks, cannot be proved statistiocally detrimental to gernn~
nation from the amount of date presented. Further work
should be carried on with thege materisls however, sBince,
there 18 a posslibility they may prove to have harmful
effeats on gormination. Pigures H and 8 show the necessity
for these or similer treatments in controlling diseese and

indireotly favoring better germination.

Temperature treatments. Preliminﬁry treatments using

fluotuations in temperatures did not produce any positive
results, but did present negetive or detrimental results in
the ocase of a8 £ weeks treatment at B5 degress F.

In the case of temperature trestments in whioch the
cormels were subjested to fluotuating temperatures by
storing for short periods under different tempercture con~

ditionse, it sppears that the treatment of cormels at 65
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degrees F, for 1 week followed by & cold treatment for
1 week at 30 degrees F. ig not as satisfsctory as are other
treatments in the series., Although, statistically, not
signifiocantly lower in germinating sbility, the treatment
Goss show & tendenoy toward less total germination then do
the treatnents in which the eold storage wss given prior
to the hested storage, or where ¢old storage slone was
given,

The results from these preliminery trisls were enovugh
to suggest the possibilities of fluctusting temperatures in
influenoing the germination of gladiolus coxmels, whether
it bve detrimental or stimulating in its effect. For this
reason a series of treatments were outlined to more closely
cheok tne faotor of storage temperature as it is releted

to subsequent cormel germinetion.

Hot water trectment. Included in these preliminary

treatments was a series of cormels sosked in water brought
to the boiling point. The cormels were added to the boll-
ing water, which was allowed to 600l naturally, immediately
upon adding the cormels. The cormels were allowed to re-
main in the water for 15 hours, gimilar to the ordinary
water soaked controls.

A survey of the resulis in Tadble 2, will show this

particular trestment to be unsatisfactory. An examinstion

0of the cormela, after a period of time, showed severe
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killing aend subseguent rotiing es a result of the treat-

ment.

Zreliminery chemicsl treatments. Previous investige~

tors have reported besneficlial results, in both hastening
snd iansreesing total germination, dy unaing & concentrated
solution of sulfurie a¢id to corrode tnd otherwise bresk
dowvn the impervious cormel sost, A preliminary treatment
was inoluded, using & 10 minute sosk in 75 per eent sil-
furic asid, which was reported as suecessful by Laurie (16},
The eormels were immersed in the soluilon for the allotted
time end were then 1mmediately removed snd washed in run-
ning water to prevent further sction of the scid.

The results from this trestment, as recorded in Table
2, show no increased total germinatioun, but 1t is interest-
iang to note that in the earlier stages of the germination
period, there was & tendenoy for those that dld germinate
to do 8o earlier., It wag felt thaet this treatment deserved
further trial using o wider range of concentrations axnd
time limits.

Bthyl alcohol &nd sodium thiceynate were included also
in these prelimipary trials but proved of no consequence
within the sefe range of concentrations used. Sodiunm
thiocynate has been reported as effective in hastening the

sprouting of dormant potato tubers. These chemicals as
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well a8 others may have possibilities in hastening the
gercinetion of gladiolus cormels, but the ssope of these
investigations was such that 1t was impossible to include
8ll of them.

Other chemicals, Iincluding ethylene chlorhydrin, were
included in this serles of treatments, but were not effec-
tive st the perticular concentrations used. As will be
shown later, the reason for the fallurs of the ethylene
chlorhydrin wes the eoncentration of {he solutiorm. There
proved to be & narrow margin between toxicity and stimule
tione The outatending results obtalned by Denny, made it
desirable to follow np his work with possibvle epplications

to large socale use.

Sulfurlc Acid Treatments for Hastenlng and

Increasing Total Germinsation

The use of sulfuric acid for inoressing the germination
of various sseds and seed-like parts of plants has been
going on for some time., In the review of literature on
cormel treatmente, it was reoorded &8 being used on gledi-
olus cormels as well. PFor this reason it was belleved
deasirable to meke a8 more complete gtudy of this type of
treatment and determine, if possible, how it might sompare
with other lese severe treatments. The use of suoch strong

concentrations of eoid might be questionable, when it comes
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The flrst series of sulfuric aeid treatments was msade
uging one concentration of asid for various lengths of
time, to deternine how long the cowracls would staad these
high coicentrotions of acide Using 70 per cent sulfurie
acid, different lota of cormels were immerged for 20
mianutes, 1 nour, 2 houry, &nd 3 hours respectively. After
the seid gosk, the cormels were washed thorsughly in run-
ning water to remove the exwvess acid and stop its setion on
the cormel.

The results of these treatments as compared with water
sonked and dry o~ntrols are recorded in Tabls 3, It is
apparent from these figures, that even & 3-hour soak in 70
ver cent sulfuric scid 8id not have any detrimental effecots,
nor was 1t apparoently Iinoressing the total percentage ger-
minstion of the cormels. However, the 2 tnd 3-hour treat-
mente resulted in significantly higher germinationg than
d¢id the aversge of the wet end dry checks. This is not the
case, however, when only the three dry checks sre teken
into consideration; since, eash of the &ry cheocks resulted
in germinations &8 high or higher than the two said treate
ments.

It is of interest, to note at this time the difference
between the germination percentages of the wet and dry
cheoks in favor of the dry controlas Thie consistent tendw

enocy for more of the 4dry oheck cormels to germinete than
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the water~sonked lots in the same period >f time will be
disougssed later in the paper. It is needless to say that
this is rather remarkeble, since usually water-gsoaking is
gonsidaved 19 he an alvaatage in iuncressing the peroeantage
gernination of most seeds with hard coets.

The aeoond series of seld troatments wias designed ¢o
inerease both the concentrotion and time of trestasnt in
the aclid, sincs it was apparent in the foregzgoing series that
the pogsidle 1limits of safcty had not been reasched. In
this series two concentrations of goid were used, ancmely,
70 per cent and 95 per cent sulfurie asld, The cormels
were troated from § to 30 minutes in the case of the higher
concentration, and for periods of from 3 to0 12 hours in the
weakecry concentrations

The results from these various treatments are found
in Pable 9. The cormels used were of the Veilchenblau
variety rether than Dr. Bennetts, since, it was found dur-
ing the interval betweon the two gerics of treatments, the
gernination of the Voilchendblau variety wes even a greater
‘problom than was the germination of tho cormels of the Dr.
Bennett veriety. It must be reelized also, that it is inm-
possible in any ¢f these treatments, even though the same
variety be used in both serlies, to compare two series ss
far as percentage geramination 18 concerned, The difference

in dates of planting has a marked effect on germination,
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regt period in gladiolus cormels will be discussed further
under treatments influencing it.

Pram the date rocovded inm Toblc 9, it would seen that
treetnonts of 30 minutes is 95 por cent sulfuric a0id ars
as efleetive ln inoreaziag germingtion, ¢ is & ftreataent
of & nours in 70 per ceunt sulfuric acid, Both of these
sroatments ss weoll as o is-nour soak in 70 per cenmt sul-
furic acid are effective iu materially inereasiag the
gernination of the Vellchenbioun coruels. It wouwld eppeusr
shet the 12«hour trectment might oo too long, cince Lt

e &,

nows significently prorer gerisluation thoy the 8<hour

o

trectment,

Pne effeet of thece sulfurie veld treciments, un~
doubtedly, is tuut >f vreszing down the more or less im-
pervious cormel coat, thereby sllowing oxygen and moisture
to eome in contect with the cormel embryo. That there is
possible foxic eflect, also, from the wcld is showm by the
Lot thet the shucked check lot in the serieg rosulted in
significently betteor germimation then any of the seid
treatments.

The fact, that the more concentroted scid is nore
effective in & shorter time of treatment leuds to the
possibility of longer trectinents ot those concentrations.
It secemg reasonzole to suppose that it is necesssry in

using acid for removing the husk, to use concentretions
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thet will quiokly remove the husk without long sosking

periods, which invite aocid Injury, due to long contsot,

Variegg Iesponses gg acid t:eatment. In order to

determine the variety difference as related to sulfuric
asid treatments, a number of varieties were treated with a
uniform treatment of sulfuric scide. Since & check was
being made at the time as to normal cormel germination of
a number of varieties reported earlier in this paper, these
aold treatments were made at the same time in order to have
controls against which to check the effects of the treat.
ment. 4 3Zehour trestment in 70 per ocent sulfuric scid was
used, since this partioular trectment at the time was
thought to be safe enough. It is well to mention, however,
that when the previous treatments were made uesing this oon-
centration and exposure, the cormels were not dried out ss
much poasibly, end few eracks existed iIn the husks.

The results obtained from these tests are found in
Table 1, with the dats on normal cormel germinations. One
glance at the figures in this table suffice to show the
compliocations which must be faced in trying to establish a
standard treastment for gladiolus ocormels. Out of the 10
varieties treated with 70 per cent sulfurioc acid for 3
hours, only two failed to show definite harm from the

treatment, These two varieties, Veilohemblau and Pleerdy,

show some indications of being benefited.
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The outstanding indication shown by this dste 1s the
apparsnt positive corrslation between the normal germinae
tion of thesse varieties and the smount of acid injury shown
from such & treatmsnt. It would seem that the higher the
normel germination of the variety, the more apt it is to be
injured by prolonged scid trsatments. This 1s due possibdly
to the faot that the higher gormineting verietles have a
thinner, more or less broken husk whioh both facilitates
quiciter, higher germinstion snd also allows acid injury by
contast of the aold with the eumbryo. Veilchenblasu, Picerdy,
Milford, and others have far heavisr husks with fewer
openings than the higher germinating, scid~tender vari-
sties, such as Berty Snow, Golden Cup, and Gate of Heaven,

It would seem that the low germinations in the sase
of thin, more or less broken~husked varietiss are not e
result of the husk factor slome, and the cormels sre less
likely to respend favorsbly to acid treatments for breaking
down this bhusk, but are more apt to show severe injury to
germinating ability. However, date presented in Table 9,
gonciusively shows the benefits of sulfuric acid treat-
ments to the hard, well-sealed husks of verleties suoh as
Veilchenblaue.

The use of seid, therefors, as & treatment for hestenw
ing or increasing the total germination of gladiolus corm=

glg, is 1limited to certsin varieties or to concentrations
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sdapted to esach. It is a question whether the use of acid
would be precttieal on 8 commercial scale, since it ap-
parently has these obvious limitations. Prom dats presont-
od, i1t peemns that the husk factor alone is not responsible
for the low germinations of certain varieties of gludiolus
cormels, but msleso that other fzotors have theiyr effect.
This 1s ehown by the fact that husked cormels uged as
controlg, slthough showing consideradly nhizher &and more
rapid germinations, do not approzch perfect germinztion.
That mold trestmenta for correcting this huak factor are
far from effective is shown by eomparing the germinstions
of husked controls with those of acid treatments. The socid
treasted lots do not approach the husked lots in the per« .
sentage germinsting.

Purther work should be done with higher concentrations
of sulfurie aoid for shorter durations, since indigations
are thet it is best to meke the 20ld trestments short, and
thus avold soaking of the aeid into vital parts of the

cormels

Influence of Cormel Size on Germinating Ability

The very nature of the cormel's development results in
& wide variety of cormel siges being produvced. The cormels
are formed eround the bage of the newly developing sorm,

and new ones continue to develop throughout the growing
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gesson, which resulfs in cormels in all atagés of size and
development &t harvest time. If has been a question
wnether these cormels which are harvested at various aizes
have the same germineting sbility, since it is sapparcnt
thet some have & larger food reserve than others snd
poesibly more necerly spproach maturity. The thickness of
the husk ie also & factor to be considered.

Goilng into the provlem purely from the standpoint of
geralnating ability of the verious coramel sizes, the
writer eudesvored to determine if the larger cormels rezlly
show & higher total germinstion and result in larger more
vigoirous seedling pianta. Pigure 4 shows & photogreph of
the stages in the development of a normel gladiolﬁs ocormel
of average sizes

Tre cormels used in the trial were of the Ur. Bennett
variety and, since the results were so obvious, the test
was not continued with other varieties. To substauntiate
eny reoommendations, further trials should be made using
& number of varieties, but greeshouse spsce would limit the
number of trials thet ocovld be made in these preliminery
studlies. The cormels were graded into three gizes using
galvanized wire soreens. The sizes wore desiguated me l1l's,
2's, ond 3's; the number 1's being the largest size. The
very minute c¢ormels passed through even the sﬁallest gereen
and were therefore discarded es of no practicsl importance,

The cormels were planted in replications identioal to the



Figure 7, Influence of cormol size on germinating
ebility. Dr. Bemnett cormels two months after plante
ing. Rows from left to right--large cormels {No.

1’8}, medium sized cormels (No., 2's), and emall
cormels (Ho. d'a).

Figure 8. Cormels after being in the germination
media for one month, with huska remdrved to show the
effesct of the hard, impervious husk on rootlet
struocture and development, Husk has prevented the
emergence of the roots and the pressure has cunased
them to be flattened into ribbong which are ap=-
parently 8till functioning.



Pigure 7. (Above} Figure 8. (Below)
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methods used throughout the investigations.

Table 4b, and Pizgnre 7, glve the results obtained in
both resord and picture form. & sindy of the data in thie
table olearly substentistes a popular belief smong gladi-
olus growers that cormels should be drastiozlly graded as
to size. The large cormels are apparently not only
quioker to germinate, but possess higher total germinstion
ability than 4o the smaller sized cormels, to say nothing
of the vigor of the resnlting seedlings as shown in Figure
7. It appeers from thig small smount of dats, that there
i1s 1ittle aifference in the germinating ability of the
amaller sises after the atsp down from ths number 1 3139,
although the trend seeme to be toward less satiasfactory
germination as the size decresses.

Thess figures point the way to possible returns from
proper siging and grading of the cormels which are the
grower's inoreepe«~stock, It will be noticed, however, that
even the numaer 1 cormsls, with 72 per oent germinetion,
are 8t1ll oonslderablc below a desirable germination per-
eentage, It oannot be sald, therefore, thet cormel size
s the enswer to the problem of gladislus cormel germinge-

tion,.

BEthylene Chlorhydrin Treatments

In these preliminery studies of treatments for in-



33
creasing cormel germination, no chemieal treaiment showed
more promise than did the use of ethylene shlorhydrin.
Denny's results were go outstanding, with ethylene ohlor-
hydrin, that it was thought that this shemi¢cal might heve
practiocal value under Oregon oonditioms. Unlike sulfuris
acid, ethylene ohlorhydrin vapors can be used without sany
of the complications that are associated with the ume of
ooncentrated ascid solutions.

The first series of trestments made using ethylene
ehlorhydrin were mede following Denny's reported conaen».
trations and time treatments. These trestments proved to
be a fallure, since in all cases they were toxic to the
cormels. It became apparent to the writer, that there wae
8 narrow margin between toxicity and stimulating effect
from use of this chemical. The work, therefore, became
gentered around tests of concentrations.

The first series of concentrations that showed any
indication of being near the desired strength are shown
in Table 4a. These consisted of treatments using 3Zce of
40 per cent ethylene chlorhydrin per liter of air space
for 1, 2, and 3 dsys respeotively. Only the 100-cormel
. sample was added to each liter of air space of the con-
teiner. The toxicity of the vapors for long periods is
readily seen on studying the figures in this table.

There was apparently some stimulating effect over the
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oontrol gseries from the ethylene chlorhydrin in a l-day
treatment.

The second series of treatments was set up, using
both liquid end vapor treatments of ethylene chlorhydrin,
in order to establish necessary concentrations and to cheok
the relative effectiveness of the two forms. In the osse
of voth solution and ges or vapor trestments, several con-
centrations and exposure combinations were used on Veil~
chenblau cormels.

A 40 per cent solution of snhydrous ethylene chlor-
hy&rin was used in providing the vaporiszsed form in the
olosed ébntainera. One geries of sormels was treated for
1 dsy with 3c0 of this 40 per cent solution per liter of
air space, another with loo for 1 dsy and still another
with loo for 3 days. It wes belileved that, by deoressing
the amount of the ohexiocal used and extending the time of
exposure, the narrow margin between sfimulus snd toxloity
might be reduced, The results seem to substantiaste this
theory.

In the osse 0f ethylene chlorhydrin solution treat-
ments, the concentrated, commersisl form was diluted to
the desired strength with distilled water. Two concen~
trations were used, namely, one part of the chemicel fo
100 and to 1000 parts of water respectively. PFor each

oconsentration a separate lot of cormels were sotked in the



35
solution for 1, 3, snd 5 days respeotively, The results
from this seriss of trestmentes are reoorded in Tadble 9.

The outstanding treatment of the seriesa is apparently
the 3-day expoaure to leec of 40 per cent ethylene ohlors~
hydrin per liter of air spaoces Not only is this particulsar
treatment far above the highest control in total germinae
tion, but is better than any other type of trestment made
at that time, ocutside of the shuoked check. It is signifie
oant, that the ethylene chlorhydrin treated lot spproaches
the germinetion record of ths shucked lot. This might
auggest the possibility either that the husk is not a8
important a fasctor as supposed, or that the effeot of the
chlorhydrin is pertielly dirested at the husk. The esarli-
neas of the germination of the chlorhydrin treated lot is
significant, also.

It would seem deéirable to go further with this
particular concentration (loc per liter of 40 per cent
ethylene ohlorhydri#) and give longer exposurea then 3 days,
since the outatanding results obtained wers at this par-
tloular time limit, which was the loagest perlod in the
geries., It 18 possible that stimulation might be more
pronounced at longer exposures. Thls possibility will be
checked in future gtudles.

Although the trestment of the cormels with water

solutions of the chemicsl d1d not seem aa effective as the
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ges or vapors, the results recorded in Table 9, show some
interesting trends, In the case of the 1-100 concentretion
of ohlorhydrin, there ig sppurently 8 negative correlsation
betwesen the nwaber of daye exposure and the resulting per-
centage germinatione It would seem that the concentration
was & little on the toxie side, or at least there was no
decided stimulus to germination of the cormels.

The concentration 1-1000, bhowever, presents a dif-
ferent pieture. Apparently & positive correlation existed
between the length of exposure in duys snd the totel per-
ocentage germination. With this concentration, the 5-day
trectment resulted in germination which was significsntly
greater than the aversge of the six oheoks (both wet and
dry)« Since, this was the longest exposure in the series,
i1t would seem logical to suppose thet longer trectments at
this partiocular {treatment hold promise.

The advantages of using ethylene chlorhydrin over
sulfuric acld are quite obvious, when one considers the
severity of the two treatments, and the grester response in
germinotion obtoined from the ethylene chlorhydrin. Some
means of standardizing the trestments as to concentration,
exposure and sige of lot to be treated per unit of spuce of
gee or liquid must bé worked out. This will neocesssarily,
have to be determined before any possible practical com=
merciel value ¢sn be plaeced on such & treetment, It might

be said though, that this comes the nearest to dbelng &
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practiosl method of inoreasing cormel germination, sinoe

the handling operations are compesritivoly simple.

Bffeots of Moisture and Temperaturs

Conditione or Germination

In this preliminary study of factors influencing the
germination of gladiolus cormels, some interesting ob-
servations were maede as to the effeots of temperature and
moisture conditione on germination The indication thet
moigture conditiona might be an important factor in cormel
germination wes the outetanding difference noticed between
germinations of dry and of water~-sosked controls, in favor
of the dry cheoks. This is rather contrary to the ususl
response of seed-like strustures to water-soaking, which
ordinarily results in more rapid snd higher percentage
germinations. Cormels also showed responses to various
temperature treatments as well as varying degrees of dry-
ings A treatment of this type whish would show sub-
stantial increases in germination would be quite desirable
on & large s¢ale, since it would not be nesessary to use

gevere ohemlioal treatments.

Dry controls versus water-soak ohesks. Throughout the

various series of treatments, it was noted that {the dry

cheoks resulted in consistently higher germinations than
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d1d the watsr-goalked controls. These ragults may de
cheaked by examining the scontrol lot figurses of the various
treatments, A complete record of these resulis, however,
is given in Table 5.

These results were 80 consistent and so sontrary to
what might have been expected that it was belleved worth
while to repeat them in order to deteramine if possible the
reagon behind thems & series of treatments wero set up to
oheok the effects of longer molsture troatments ss well as
treatments in the opposite direction, namely, treatmonts
having 8 drying or warming effect., These iwo types of
treatments were obtained by holding in moist sand at room
temperatures for 1, 2, B, 5, and 7 days, certain lots of
cormels, ard holding others at 35 degrees C. under con-
trolled oconditions for the same time limits. A series of
controls were also planted with these two series to cheok
the effecte of the treatmenta. The repults from these
treatments are recorded in Teble 6.

 Phat heat treztmente of short duratior have & stimue
lating effect on germination is shown by tkese regults, It
is slso apparent, thet prolonged water-sosking under these
conditions does not benefit germination, but mey meterislly
reduce it. Although the difference in germinatiorn between
any two treatments dces not show much signifieance when

subjected to anslysis of variance, there is, apparently, &
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negative ocorrelation in this tadle between the molsture
treatunents and the percentage germination., With one
exeeption, it appears therd is s positive correlation e«
tween the length of the heat treatments and the numnber of
cormels garminating dut this might not be the case if the
treatzents werc run for longer periods.

At this point 1t is well to point out that, ss the
seagon progressed, during wkhich the cormel treaimonts were
being made, the tendency for the dry ohecks to germinate
more readily than the water-soaked chescks declined. A
point was reached in the late spring and summer months,
when prolonged water-soaking definitely hastened germina=~
tions In no qase csn it be said, however, that water-
soaking lunoreased the final total germination of cormels.
The discusaion that follows, on further treatments made
along these linea, does not give the reason for these
ragults of dry treatments over watér~soaking. A popsie
bllity, which has not as yet bdsen investigated, is that
of a toxioc material in the cormel husk which may be re~

leased by water-soaking.

Drying or tomperature faotor? In order to detsrmine

whether the heat treatments were increasing gormination,
by drying-out the oormsl to & certain degree or by merely

inereaging respiraflon through inoreassd femperatures, &
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scriee of trestments ves set vp with this in nmind, Certein
lote of cormels were held under controllsd aonditions at
35 degrees C., which is considerzbly sbove normal room
tenperatureg, for from 1 to 4 weeks. ALnother series of
cormels were held in a elosed gontsiner over sulfvric ecid
to obtain approximately the same amount of drylang effeot
{1eter proved to be the cose by weighing samples) for the
same periods of timss This procedure was followed with two
varieties of cormelsg, namely, Veilchenblav and W. H. Phipyps.
The two voricties reprasent doth extremes in respeet to
normzl germinetion; the Vellehoenblasu being & very poor
germinator, while the V. H. Phipps i a comparatively gzood
germinator.

The husk factor slso was taken into conslderation in
these treatmenta. This waa dome by running & dupliodte
series of cormels, whose husks had been removed, for eagh
series 0f troatnents. It was hoped in this way to deter-
mine the influeinice of the husk on such treatmentsa.

The results are recorded in Tables 7 and 8¢ The
geraination record for the Veilohenblau cormels being in

Table 7, and those for the W. H, Phipps in Table 8.

Phipps cormels. In the case of the W. H, Phipns
cormels, which hava rsalatively thin, open husixs as osompared

with Vallehenbdblau, the response to warm storage for short



41
periods is spparently due to inocreases in respiration,
rather than in drying. This seems reasonable to sssume,
sinces the cormels dried over acid at room temperstures dtd
not show any significant increase in germination over the
cheoks, while the cormels held in the oven at 10 degrees C.
higher temperatures responded with signifiocantly higher
total germinations. The reaponses to these incresses iu
temperature, however, resulted only when ths cormels were
warmed for s perlod of et lesst 2 weeks and not more than
3 weeks. Longer periods espperently cesused 4drying snd oxi-
dation of vital parts of the cormels.

Ag was observed in previous studies removasl of the
herd husk, in the ease of the Phipps cormels, grestly ine
ocreased germination. Holding these huaked cormels undery
warm oconditions for any length of time resulted in de-

creaged germinations, as is shown in Table 8,

Veilohenblsu cormels. The Veilchenblau cormels with

their nard, wellesesled husks failed to respond to the heat
treatmenta. There wss no'reeponse of these cormels to
varying exposures to warm temperatures, snd only an in-
dication thet they might respond to drying over saoid et
lower temperatures.

The removal of the husk by hand csused substantial

increases in germination, as was obaserved in a previous
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series, Treatment of these husked gormels with higher
temperatures only resulted in lower germinetions, probabdly
due to oxidatlon of the exposed tissues.

It would seem from these limited trisls using drying
and heat treatments, that neither tresatment 1ls the answer
to the prodlem of increasing cormel germinations. There
is 8 alight response 0f cormels to heat $restments in
inorsasing total germinetion, brought about by inoreased
respiration and other physiologiocal processes, which are
partially responsible for satisfactory germinations, The
vae of heat treatments in inoreasing the germination of
gladlolus cormels would seem to be less promising than do

other treatments used in thess studies,.

Cold Storage Prestments for Hastening and

Increasing Totel Germinstion

0f all the treatments used in these preliminsry trisls
none shows more promise in a practiosl sense than the use
of cold storage. Literature on the subjeat of germinstion
of seed and seed~like orgens sontinually mentions the
stimulating effect of varying exposures to cold on the
germination of these materisls, The effeat is apparently
one of breaking the rest period that is associated with
the seeds of many speoies. It may have some effect in

hastening the after«ripening processes that also ars
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mentioned as neceggery in the case of some seeds. Whether
both of these gonditions are one end the same or are
different stages of a prolonged prooess is yet to be
deternined and clarified, It remsins, however, that many
geeds snd in this instsnce peed-like bodies sush =28 corm-
els, rvespond to cold storage with inoressed percentages of
germinstion or sprouting.

The trestments in co0ld storsge were made near the end
of the investigationsa, so are not given &s a gomplete
pleture of the effects of cold storsge trestments on
eormel geraination, bdut mersly to show the possibilities
whish such trestments might have 1f further tnvestigations
were mode. It 18 quite poesible that suoh treatments might
prove of sommercial wvalue, since the trestments oould be
nade with 4 minimum of eare and sxpense,

In this serles of treatments the two verieties,
Veilchenbleu and W. Ee Phipps, were employed. The cormel
lots were stored in a controlled cabinet at 35 degrees F.
for 1, 2, 3, and 4-wseik periods, At the end of thlg time
all lois were removed snd planted together in flats, ss
outlined previously for apother seriles.

The date from these treatments are reocorded in Tables
7 and 8, The results are most promising and interesting,
when one takes into account the type of cormels used and
theiyr noramsl germinatione; In the case of the Vellehenblau

ocormels, apparently & 2 to J-week trestment is neecessary to
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stimulate germination, while only s l-week treatment
inoreases substantially the germination of Phipps cormels.
The trend seems to be for decressed germinations with
inoreased time exposures over 3 weeks, at thls perticular
temperature.

There 18 o possibility thet slightly higher fempera-
tures for longer periods of time might prove more benefis
eisnl to germinstion than this relatively low temperature,
I% hsg been shown by other workers in stratifying seceds
that temperstures of aroumd 40 degrees P. are far more

effective then temperatures nearer the freezing points

Genersl Disoussion end Conclilusions

Concerning Cormel Treatment Investigations

Sinse these investigations were preliminary in
nature, with the object in mind of determining what;typea
of treatmenta might have possibilities for gpﬁlicatian in
& practiczl and commercisl sense, it might be well to
gummarize the work and determine how near the objeotive
was reached. Any one type of treatment used here, aithough
it might have proved statistiocally to Be outstsndingly
advantageous for increasing the germination of glaediolus
cormels,'would have to be extensively tried using various
combinations on many varieties before it could be re-

commended for wide use. This will take far more investi-
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gational worz then was possible to include in these pre-
liminery trislse '

It would seem, however, from these studies thet cer-
taln treastments have definite promise for further
consideration., Additionsl work should be dore with acid
treatments £t higher oconcentrations in order to cheok the
possibilities of reducing injury due to prolonged ex~
posures. It i{g quite posesidle that seeondary'treatmente
might be worked out to counterasct the scid, after 1t has
done its job of husk removsl. Such elaborate chemical
treatments are limited in their spplication to large scale
operationg. Trectments less severe and more e¢apily handled
maight be more applioable and desirabdble.

KEthyl chlorhydrin has very definite possibilities for
inereasing the yislds of gladiolus cormels. It only
remains necessary to work out & practieal method of ap-
plicafion, using conoentrations that have the desired
affect over a wide range of variety types and conditions,

The narrow margin between stimulation and toxicity of
ethylene chlorhydrin may possibly limit ifs use, unlese
‘cereful handling methods are used. It is ressonsble to
suppose, however, that treatments may be worked out that
will be very practical and far more sssily applied than

the more severe trestments such as sulfurlc soid.

The possibilities of cold storage trestments slready



43
discussed in this paper need no further discussion. 7The
outstanding results obtalined from these beginning trials
are enough to warrant thelr further comsiderstion.

The rosults obizined in thess studles Lrom sizing
cormels arc enough to resommend this practise ¢o growers,
who wish to obtain better stands of more vigorous plants,

Interssting 1s the fsct that higher germiﬁation pere
sentages were obtained from dry treatuments than from
golution treatments, The fact that this 414 not sontinue
to be the case later in tho season suggests further in-
toresting poasidilities. The lmportance of these may
influence the form of materisl used for oombating ilnsects
and disezsse suoh 88 aormel dips. The time that such dips
were appllied might also be of material importance.

It might be concluded, therefore, that the trestment
of gladiolus ocormels ¢to increosse germination is not only
en interesting soientific problem but also a problem of

much practioal importance.
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TABLES

Table 1

Veriety Gesrmination Record of Cormels Planted
%¥ithout Any Previous Treatmsnt

Germination Record by Weeks Total

Varisty Tst £nd 2rd 4th bth 7th Germination

S 3 2 4 4 & 4 4
Cormels from Buld
Stooks |
Golden Cup 0 10 16 34 16 10 86
Minuet 1938 Crop 0 0 7 41 17 10 75
Gate of Heaven 0 6 13 49 3 0 71
Berty Snow 1 3 6 38 6 12 66
Pioardy €] 0 3 & 12 14 65
Albatross 1 11 20 &5 0 3 60
Dr. Bennett 0 2 7 3% 11 1 60
¥invet 1839 Crop 0 0 0 5 12 34 51
Milford 2 8 7 1 2 0 38
Bill Sawden 0 6 6 10 8 5 29
Veilghenblau 0 0 0 2 3 5
King Arthur 2 13 8§ 82 4 5 64
Selback Orchid 1l 7 16 .34 2 £ 60
Sonatine 11 20 13 10 1 1 56
Dehonairo 12 13 11 8 1 0 45



Table 1 Continued
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Germinastion Record by Weeks Total
Variety ; n rd 4.“ ‘ Germination
e £ 5. F B K 3 B
Cormels from Bulb
ock, Treats
w 20% suliuric
Zold Z Hours:
Golden Cup 0 0 1 & 4 2 15
Minuet 1939 Crop 0 0 0 4 8 14 29
Gate of Heaven 0 Q 6 3 G 0 9
Berty Snow 0 0 g 11 g 2 17
Ploardy 0 0 3 62 5 3 3 *
Albatroass 0 1 o 11 5 g 26
Dr. Bennett 0 0 2 35 ] 0 47
¥ilford 0 & - 11 ) 2 26
Bill Sewden 0 2 0 9 3 5 19
Veilohenblau 0 0 0 Q ) § & ] *

* Those not showing injury, but poesibly some benefit.
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Teble B
General Preliminary Trestments of Dr. Bennett Cormels

at the Beginning of the Investigations, From
1/32/40 to 3/15/40

Tregtment

§ 4% T
% % 4 % % %

Fungioidal Dips:

Cresol 1é hours 2 & 11 6 3 2 32

Lye 16 hours 4 10 8 1 1 1 25
Bi-chleride 16 hrs 1 4 3 5 0 2 16 -
Controls:

%et Check 1 5 7 e 3 1 1 £5

Dry Cheok 1 5 11 8 é 3 3 36

Wet Cheok 2 7 12 6 3 2 o 29

Dry Check 2 6 13 11 $ 2 1l 38

Wet Check 3 ] 4 4 2 1 3 19 -
Dry Cheok 3 6 13 14 -] 1 0 38
Shucked Check 16 25 10 5 1 4 61 *
Temperature Treat-

85° Fo. 2 Weoks i 5 &6 ©0 0 1 15 -
30° P, 2 Weeks o 9 18 7 4 & 37

650 P¢ 1 Week |

30" ?, 1 Week 1 7 7 -] 2 1 23

30° p, 1 Week | |
86° P, 1 Week 3 14 10 3 g 1 33
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Table 2 Continued

Germination Resord by Weseks Total

Treatment n rd \ ;b Germination
_ — B R % B %
Hot Water Boak: 0 0 0 2 0 0 2 -
Chemical Treat~
ments: B
76% Sulfurie Acid

10 Minutes 10 17 6 1 3 0 37
96% Bthyl Aloohol |

1 Minute 7 15 14 0 1 1 a8
Sodium Thiooynate 3 12 4 1 3 1 24

Vatgol 1-200 Y 6 13 2 3 4 28

Potassium Per-
manganate 1-500 7 11 6 2 1 3 &0

Ethylene Chlor-

hydrin Vapors
16 hours 0 0 0 0 0 0 0 -

Difference between total germinations neceasary for sige
nificansce a8 detormined by anslysis of variance 12.6
* Significently higher than highest check.

« Stgnificantly lower than aversge of cheoks.
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Table 3

Dr, Bennett Cormels. Chemical Trestments

Germination Record by Weeks Total

Treatment 2wke rd 4th b5th 7th ©&%h Germination
D % 4 % % % %
70% Sulfuric 4ctd:
30 minutes 7 7 18 4 4 0 40
1 hour 2 14 12 b 4 0 36
2 hours 6 11 18 10 1 1 47 -
& hours 4 9 20 8 & 2 6 -
Controls:
Wet Cheok 1 1 1 6 2 o 1 i1
- Dry Cheock 1 5 11 26 8 7 2 67
Wet Cheok 2 3 0 6 2 1 1 13
Dry Cheok 2 2 9 21 8 5 2 47
Wet Check 2 0 8 6 5 1 Q 20
Dry Chesk 3 5 4 27 4 .? 3 50
g%£§§;%2%%ﬁ%é¥§%!’
ture: | 1 2 8 5 & 2 21
2 Days o 0 3 2 1 2
3 Dayse 0 0 0 0 0 o} 0 #

5 Days 6 0 ©o o0 © o o #



Pable 3 Continuved

Germinetion Reoord b

Total

Treatment Zwgs ord 4 5th _h B-h Germination
e % % % b % %
drogon Per-
oxiﬂz
15 minutes under
vacuum ‘ 1 2 156 o 4 1 29
Water Cheock 15
minutes under
vacuum 2 4 11 8 2 1 26
96% Ethyl Aloohol:
1 minute 1l 1 10 3 B 1l 21
5 minutes 0 2 4 10 5 2 21
15 ainutes 3 1 4 1 3 4] 12
30 minutes 0 2 3 1 6 0 12
Potaassium Per~
m&%ganage:
olution 1-500 +
10°%H,80,
96%-24 hours 2 4 1 4 3 2 26
1-800«-48 hours
no acid 1l 2 5 6 1 ] 15
1-500-96 hours
no soid 0 4 4 4 B 1 18
Auiin:
#6-24 hours 0 1 5 5 2 0 13
#5~48 hours 1 1 2 3 2 0 9
#5-72 hours 1 0 0 1 3 0 5



Table 3 Continned
Difference between total germinstions necessary for sige-
nificence as determined vy analysis of variance 12.2
» Significastly larger than the aversge of the controls,

# Significantly lower than lowest cheok.
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Table 4

Preliminary Treatments of Dr, Bennatt Cormels to Show the

Influence of Ethylene Chlorhydrin and Sige of
Cormel omn Garmination

Date Total

Germinstion Record b
Treatment 4/5 4/1 ‘ 13 Coming Germination
% % & & 4 %

D

Et%glene
Chlorhydrin: -
40% Soilution
o."usad:
3" "per liter
and air
gpace

1 day 2 22 17 156 6 61
2 daye 0 3 8 3 6 20
3 deys 0 0 3 2 2 7

Control: - &8 22 8 11 9 52

S —————

1.76 difference between means necessary for signifi~

bt

cance.
Influence of Cormel Size
_ Date Record Total

Trcatment 4/6 4/10 4717 4/30 5/12 Germination

I % % 2 %
Dr. 3ennett
Cormels;
Size 1's 14 17 23 i3 6 72
Size 2's 0 3 13 4 8 28

Size S's 0 1 6 11 4 22
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Showing the Effeot of WatereSosking for Short Periods
{16 hours) in Reducing the Percentage Germination of
Dats Compiled from Cheocks Used

Gladiolus Cormels.
in All Treatment Series

Series . 2 Lv. %
I DPr. Bepnnett Cormels Planted
January 12 to March 12
Dry Check 1  Total Germination 36
Dry Chesk £ Total Germination 28 37
Dry Check 3 Total Germination 38
Wet Check 1  Total Germination 26
¥et Cheock 2 Total Germinstion 30 24
Wet Check 3 Total Germinstion 19
II Dr. Bennett Cormels Planted
February 24 to April 24
Dry Cheek 1  Total Germination 57 _
Dry Chesk 2 Total Germination 47 51
Dry Check 3 Total Germination 650
Wet Cheok 1  Total Germination 11
Wet Cheok 2 Total Germinstion 13 15
Wet Chegk 3 Totsl Germination 20
IIT Veilohenblsu Cormels Planted
Harch 20 to May 20
Dry Check 1  Total Germinstion 9
Dry Cheok 2 Total Germination 13 9
Dry Chesk 3 Totel Germination 6
Wet Cheok 1 Total Germination 2
Wet Cheok 2 Total Germination 9 6
Wet Cheok & Total Germination 8
IV Dr, Bennett Cormels Planted
April 4 to June 4
Dry Cheock 1  Total Germination 36
Dry Cheock 2 Total Germination &5 30
Dry Chegk 3 Totsl Germination 31
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Table 5 Continued

Series_ | % _Av. %
Iv Dr, Bennett Cormels Planted
April 4 to June 4
wet Cheak 1 Totsl Germination 28
Wet Check 2 Total Germination 22 25
Wet Cheok 3 Totel Germination 26

Total Mesn Average: Dry Controls = 32%
T B ~  Wet Controls = 17%
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Pable 6

Dr, Bennett Cormels Sudbjected to Drying and Water~
Soaking to Determine Their Effect orn Germination

Germination Record by Weeks ®otal

Preatment Brd 4in Bth oth 7tn B8%n Germination
I S S S 2 2 %
Drying Temperaw

1 Day 0 5 7 12 4 3 31
2 Days 2 6 9 11 8 4 40
3 Days 3 7T 11 1§ 9 2 47
5 Days 2 3 10 & 3 1 e7
7 Daygs b § 21 12 6 3 52
Controls:
Wet Cheok 1 10 2 4 8 3 1 28
. Dry Cheek 1 4 b $ 10 3 4 36
Wet Cheok 2 6 5 2 5 e 2 22
Dry Cheok 2 4 2 3 8 6 3 26
Wet Cheok & & 4 7 2 b 3 26
Dry Check 3 é 3 2 9 8 3 31
Temperaturs:
1 Day 3 8 3 1 4 1 20
£ Days 7 3 2 7 8 0 23

3 Daye 3 5 7 4 4 1 24
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Table 6 Continued

Veaks Total
h Germination

3 h~ 6th  7%h
% % %5 & & %

Germination Record b
Preatment 41 ' '

Soaki in Moist

Sand at Foom

Eemgeraturez
5 Days 2 3 4 1 1 2 13
Y Days 5 2 1 6 3 4 21

Difference between total germinations necessary for sig-
nifiocance as determined by analysis of varience 33.0
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Table 7

Veilohenblsu Cormels Subjested to Various
Temperature Treatments and Drying

Germination Record by Weeks Totel

Treatment T Znd 3rd 4th . Bth  Germination

- 4 4 % % 4
Cormels Rot Husked:
Controlas: |

Dry Cheock 1 0 0 3 8 2 12

wet Check 1 1l 2 0 2 8 10

Dry Check 2 o 0 1 2 2 5

Wet Cheock 2 0 0 1 2 4
Hol&i‘gg‘ in Oven 8t

1 Week 0 3 1 0 1 6

2 Weeks 0 0 1 2 1 4

3 VWeeks 0 0 0 3 1 4

4 Weeks ¢ 0 0 1 1 2
Holdi Uver dcid

1 Week 0 1 Q b 3 9

2 Weeks 0 0 o 7 10 17

3 Weeks 0 1 0 11 9 21 -

4 Weeks 0 #) 0 8 6 16
Cold Storage 3__5‘__’ r.

1 Week 0 2 5 8 16

2 Weeks 0 1 4 18 11 34 *

3 Weeks 0 1l 4 20 4 29 *
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Table 7 Continued

Germinetion Record by Weeks Total
Treatment end 3rd  4tn 6th ggh Germination

% % % % & %

Cold Storage 35° i

4 Vesks 0 0 2 9 4 16

Cormels Husked:

Controls:
Husked Dry Cheok 3 156 19 40 4 81
Husked Wet Check T % 21 16 7 81
Holdir._xg in QOven at
1 Veek 1 25 12 14 2 b4
2 Weeks 1 83 20 13 5 62
3 Weeks 1 13 26 14 2 66
4 Weeks 0 14 2% 10 3 50
1 Week 5 35 83 18 1 82
2 Weeks 1 36 19 20 1 76
3 Weeks 8 27 186 26 0 79
4 Teeks 0 17 23 27 8 75

Difference between totel germinations necessary for sig-
nificance as determined by enalysis of vertance 11,2

* Significantly higher than highest cheok.

- Significantly higher than averasge of checks.
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Teble &

%, H. Phipps Cormels Subjected to Various Temperature
Treatments and Drying

Germination Record by Veeks Total

Treatment Ist 2znd 3rd 4th 6tn Goth Germination

o e I B, I I %
Cormels Not Husked:
Controls:

Dry Check 1 0 0 4 10 14 2 30

Wet Cheok 1 2 & 86 7 2 8 81

Dry Cheok 2 1 0 28 22 13 0 64

Wet Cheok 2 1 5 25 9 13 0 63
Hold§%5 in Oven at

1 Week o o 25 15 12 2 b4

2 Weeks 0 0 37 16 16 4 72 -

3 Weeks 0 0 20 39‘ 17 3 79 *

4 Veeks 0 0 8 29 21 2 60
gg%i%g .OE.\._rg_r__ A‘ci_d st

1 Week 0 0 24 13 20 7 64

2 Weeks 0 1 31 13 18 1 64

3 Weeks 0 0 22 9 12 3 46

4 Veeks 0 0 14 | 14 23 4 b5
Cold Storage 35° Z.

1 Week 0 2 30 16 28 3 81 *

2 Weoks 0 0 16 28 30 4 78 *

3 Weeks 0 0 6 41 25 1l 73 -
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Table & Continued

Germination Record bg Vieoks Total
Treatment 18t Znd JSrd 4th 6% ‘h Germination
— V.S T N S .

Cold Storage 38° K.

4 Weoks 0 0 2 36 31 3 72 -

Cormels Husked:

Controls:
Busked Dry Cheok O 15 64 5 2 0 86
Husked Wet Cheok 28 34 22 7 4 1 91
g%%&%%& in QOven at |
1 wWeek 1 & 48 9 4 ) 3 71
2 VWeeks 0 12 87 14 2 o g5
& Weeks 0 1 37 16 2 1 57
4 Teeks 0 0 22 8 Y4 0 37
})x'-i.;ng %@__X_‘_ w at
1 Wesk 0 12 59 £l 1 Q 98
2 Veeks 1 27 85 11 3 0 97
% Veeks 3 21 49 4 7 1l 66
4 Veeks i 1 89 17 2 3 93

Difference detween totsl germinations necessary for sig-
nificsnce as determined by anslysis of variance 14.64

* Significantly higher than highest cheek.

- Signifiosntly higher than average of cheoks.
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Table 9

Chemiscal Treatments of Veilchenblau Cormels Started
6/7/40 and Fnding 8/7/40

| ) FfWo MODLhE - '

Germina‘ion Record b Weeks Total

Treatment Zrd 4th 5th o%b gfﬁ Bth Germination
| 4 4 4 % & 4 %

Sulfurioc Acid

g%%%%%%ratlon 70%
1 hour 2 1 2 1 0 6 12
2 hours 1 3 (¢] 2 1 3 10
3 hours 0 5 2 3 3 4 17
3%hours 1 0 3 2 3 5 14
5 hours 2 2 2 1 4 2 11 .
8 hours 4 8 6 6 4 14 42 *
12 hours 2 5 4 6 ] 7 29 *
Conoentration 95%
6 minutes 0 3 2 1 1 b 12
10 minutes 0 0 1 5 4 6 14
30 minutes 4 5 7 3 b 1= 36 *
Controls:
Wet Cheok 1 o 3 1 4 4 6 16
Dry Cheok 1 0 1 1 1 2 1 é
Wet Check 2 3 2 ) 2 4 b 16
Dry Cheok 2 0 2 o 4 1 ¢ 11
Wet Check 3 0 2 0 0 0 3 b
Dry Check 3 0 1 0 l 3 4 9



Table 9 Continuned

{T™wo Months)

Germination Record g; Wesks Total
Treatment ox :th - 7t %h Germi;&tion

2 % % kB -
Shucked Cheok 8 27 8 8 4 4 4 *

E lene Chlor-

Tin Serieat

0% Solutfon inm
35§§%3f;%§%er
1 day 0 3 3 1 3 ) 16
190 per 1liter
1 day 0 2 0 2 1 5 10
3 days 2 2 30 10 10 4 59 *
Senesntration 1-100
1 day | 0 4 +) 4 4 4 16
3 days 2 5 1 1 1 3 13
5 dsye 0 3 2 1 0 1 7
Borsertration 1-1000
1 day 0 s) 0O 0 4 2 6
3 days 0 1 1 4 6 6 . 19
b days 2 7 1 2 4 b 21 -

Difference between total germinations of treatments
necessary for significesnce asfound by analysis of varisnoce
wag 9.84

* By staetistical snelysis found to be significantly higher
germination than the highest control.

-

- Significantly grester than the average of the & checks.
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