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AR ATTEMPT TO HASTEN THE APTER-RIPEVING AND
GERMINATION OF THE SWERTBRIER, ROSA RUBICINOSA

Meny kinds of seeds may be fully metured on the plent
and placed under optimum conditiong for germination, end
yot fall to germinate for long periods. If left in the
ground, or stored under certain conditions, eventually a
large percentsge of the seeds germinete. This phenomenon of
delayed germination is of much interest sclentifically,
end of very resl practicel importance.

¥Meny members of the family Rosaceae exhibit this
behavior, including the different species of roses. In
the latter case, the seed ordinarily germinate only efter
one or more yesrs. The cormon sweetbrier, Rosa rubipincsa
L+, i8 grown to & certain extent as a stock for cultivated
roses. In breeding experiments it is also necossery to
grow this and other species from seed, It was therefore
felt thet an attermt to find s method of hastening germie
nation would be of some value directly, es well as for
the 1ight 1t mirht shed on the lerger problem of delsyed
germination in general. It was with this object that the
present study wes underieken,

Review of the Literature

The qﬁestion of delayed germination hss been studied

by numerous investipators during the present century, In

some of the eerlier literature there is little attempt to
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distinguish between different causes of delayed germination
Put in 19168 Crocker (10) pnb}ished a paper in which he
brought out very clearly the various ceouses, These he
classified ast 1, seeds with rudimentery embryos which
met meture: 2, seeds in which the sbsorption of water 1is
completely inhibited; 3, seeds in which the mechanical
resistance of the enclesing strueture prevents growths 4,
seeds in which the enclosing structures interfere with
the absorgtién of oxypgen and possibly with the elimination
of carbon dioxide; 5, seeds in which the emdyryo is dorment;
6, sesds having a combination of two or more of these
feetora; and 7, seeds having doveloped a secondary dor-
meney. It will be sean'that in types 2; 3 and 4, germin-‘
ation is delsyed by the seed coat., Types 1 and 5 represent
conditions of the embryo itself.

8ecd soats which delay germination are o £ freguent
| ocourence, Crocker (9) showed that this was the case with
gortain waterwplsnté. Heroe the seed coat preventod gors
mination by eftectiveiy excluding the water, Harrington
and Crocker (21) studied the seevds of Johnson grass snd
Sudan grass. The lstter gorminates readily et eny time
after reosching maturity. Johnson grass, on the other hand,
does not gorminste immediately. They found that by remov-
ing the seed cost they could force immediste germinetion,

Examination showed that the coat of Johnson grass was
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somewhat stronger snd more resistent to water than thst
of Sudan grass.

Atwood (4) studled germination end after~ripening of
oats, He found that the rate of oxygen asbsorption inereas-
ed during after~ripening, but that if the seed coat were
removed, it resched the maximum immedistely. The acidity
and water holding power also inaresse during after-
ripening., However, he cone¢luded thet the limiting factoer
was the oxypen sunply. In this and meny other caseés it
is probable that the two factors of the seed coat and the
need for certsin chemical end physiologiocal ehanges
within the embryo are combined.

Delayed germination due to an immature emdbryo is not
common, but ia well 1llusirated By holly, Ilex opaca, &s
reported hy Ives {23). He found that the embryo is ime
mature, and reguires a long time to resch maturity. Zven
when mature, it is difficult for it to break through the
pericerp. In neture, probably not more than one seed in
ton miliion germinate. Ives found that by drying the
sead six hours st 40 deprrees, €., he could cut away the
pericarn, and that this hgatened germinstion, Bul even
© with the naked embryo kent at a temperature of 25 to 30
derrees C. and moistened with s 5% solution of dextrose,

these conditions having been found optimum, germination

reguired five months,: Trestment with normel KOH for five
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minutes, and normasl HCl for three minutes, rendered the
pericerp more permesble, and could be substituted for
the removael of the pericarp.

A number of seeds fail to germineate promptly, even
with the coats removed, due to dormency of the ermbryo,
Harrington and Hite (28) have reported that the naked
embryos of the epple never grow normelly when fresh, al-
though they sometirnies grow feedbly. Other geeds requiring
after=rivening, as listed by Crocker snd Herrington (11),
are Cratasegus, peach, Ambrosia trifida, Ambrosies arteme
$siaefolis, and basswood, Tille emoricans,

Many ways of treating seed to overcome delayed gere~
mination have heen worked out. Investigators have not
nlways differentiated between different tynes of dormancy,
although 1t is obvious that methods effeciive in one case
would De useless in another. The practice of stratifying
seeds, such asg the peach, has long been used by nursery~
men and farmers. Weiss (34) found that the germination
of the gray birch, Betula populifolia, could be sccel-
lerated by prolonged sosking in sulfuric acid in dilute
solution, or using this to smoisten the substratum; by
soaking in one tenth normsl KNOz for 24 hours; by soak~
ing 24 hours in .1% solution of HgClg or ih Uspulun
{ehlorophenol mercury), .25%. Storing for two months in

molst grenmmlsted peat at from O to 10 degrees C. also
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greatlyaimprcvéd germination.

Further work wes done on the birch by Joseph (25),
who applied the cold storage treatmentyto three additional
species, Betula lenta, B. papyrifolia and B. lutes. In
all cases he found the most rapid after-ripening at temp-
eratures between 0 and 5 degrees C, At 10 degrees the
procoss still went on, but more slowly than at the lower
terperatures, From four to 10 weeks were required.

Some of the earliest work in overcoming dormency wes
done on seeds .of Crataepus. Davis and Rose (15) reported
thaet seeds of C. mollis falled to germinate until the
second or third year, With the testas removed there was
a very small percentage of seeds in which the hypocotyl
grew, not more than 4%, without after-ripening. With the
carpels removed, and the embryos held in a moist condition
at 5 to 6 degrecs C. for 96 days, there was 50 to 80%
germination in 10 to 20 days, Even with the seed coat nét
removed, there was considorable after-ripening. Seeds
treoted dry, or urder water, did not éfter-ripen. Aftor-
riponing waes less at 0 and A1d not occcur at =2 or -3
degrees, C. Temperatures sdbove 7 degrees were not as
favorable as 5 and 6 degrees. Theore was some gormination
at temperstures sliphtly sbove freczing, but when after-
ripening is complote, germinstion is more repid at the

temperature of a greenhouse.
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Further work on Crataegus was done by Eckerson (20),
who found that the time of after-ripening at 5 degrees C.
was preatly reduced dy nrevious treatment with dilute
hydrochloric, scetic or butyric acid. When the entire
seed was trested, germination occurred in 45 to 53 days,
while with the testa removed, only 16 to 18 days were
required. '

Davis (12) worked with three species. Cornus florida
was found to after-rinen best when stored under moist
conditions at from 5 to 10 degrees C. It was not aided
by acid trestment, nor by ether or ethylene, Some seedas
'of Sambucus esnsdensis were found dormant, They would
grow after 85 to 100 days at O to 5 degrees C., or after
14 to 30 days et slternating temperatures of 10 and
27 depgrees. Berberis thunberpgii slso responded to
glternating temperatures,

Rose (30) also worked with Sembucus, and found that
a2 mmber of different chemical trestments geve better
results than the untrested checks. The seeds were held
at 4 to 8 degrees . for 83 days, end then st room
temperature for from four to 14 days, Of the chemicals,
4} 2n80,, 586 NeNOg end # KKO; seemed to produce the
best results. The naked embryo gave sbout the same per-
centage of germinaetion as the better chemlicel trestments,

but stretification in moist sand over winter gave about
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twice as high pgormination. This would indicate that dore
mency was ceused by both the seed coat and the condition
of the embryo, and thst chemicsals effected only the fore
mer,

In the same paper, Rose reports on seeds of Tilias
and of Rubus, Chemical treétments of the former were un-
aveiling, but the seeds were fannd to after-ripen at
tompersturoes jﬁat above freesing, though they would not
germinate until placed in & warmer etmosphere. On the
other hand, seeds of Rubus respond to vigorous chemical
treatment. Phen the endocarp was removed by soaking for
two hours in concentreted sulfurie acid, washing and
neutralizing with 5§ sodfum biesrbonate, rinsing and rube
bing on filter paper,.the embryos grew in from four to
20 days. In this case the effect of the coat was not in
keeping out weter, as the whole seed aﬁserbed more water
than thet with the endocarp removed, It mey be that the
coant 18 too strong to ﬁe readily dbroken by the embryo.

Harrington and Eite (23) found that apple seeds
germinated sfter cold storage in the fruit, or when held
at 5 to 10 degrees C. for a few monthe, After-ripening
414 not teke plsee in apple seeds stored at temporatu-es
sbove 20 degrees,

Seeds of Ambrosis trifida are believed by Davis (13)

to be delayed in germination by both the dormsney of the
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embryo osnd the nature of the seed coat. In dry storage,
aftor~ripening is slow and unequal, requiring from a few
months to several years, At 5 degrees C., sesds kept moist
will germinate in 70 to 90 days, and show greater wvigor
than those after-ripened under werm dry conditions. How-
ever, previous dry storsge decreasea the perlod of eold
which is necessary, Following after-ripening, the seeds
germinste slowly at 20 degrees C., more rapidly at 30
degrees, and most ranidly when the temperature alternates
betweon £0 and 30 degreea. However, naked embryos will
germinote immediately sfter a period in cold storsage.
It is thourht that germination 1s delayed by the slow
intake of oxygen. The nucellar membrane was found more
effactive in preventing tho oxchange of pgasses than
the involucre and e¢ell well corbined,

A number of horticultural fruits wore investisated
by Tukey (33). Peach kernels were held 11 months under
eonditions favorable to germinaetion, and sbsorbed water,
but d1d not grow. This seed after-ripens in a short time,
but does not germinate until it can break the seed coat,
On the other hend, the Palatine plum did not germinate
until after a long period, even when ecracked. Soceds of
the currant, gooseberry, raspherry and blackberry re-
snonded to & corbination of stratification and aciad

treatment which reduced tre coat.
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Many coniferous seeds reqﬁire aftéraripening. The
seeds of junipers seem very unresponsive to treatment,
Pack (27,28) tried the removal of the coat, various cﬁem-
ical treétments, and storage at varied tempcratures.
Only the latter gave positive results. Seed kept in
running water at 10 Yo 12 degrees C. gave about 10%
gormingtion betwesn the fourth snd sixth mronths. Voist
storage at 5 degrees geve the most rapld after~ripening,
‘but.atill regquired a long period. Drying and moistening
at the 45th day reduced the period by five to 10 days.
After-ripening was slower et 10 degrees, and at a tem~’
perature of 12 degrees secondary dormsncy oceurred,

Barton (6) found that several species of pine ger-
minated well when stratified one or two months st 0, 5,
10 or 15 degresas C, Hoe quotes Larsen as belleving that
in the 'Testern White pine, delayed germination was due
to the impermeability of the seed coet. In a later papor
{5) he reports experiments in whieh he stored the seeds
of many specles of conifers in acid peat for from one to
three months, at 0, 5 and 10 degrees C. In most cases
germinetion waa hastened by the treatment, especielly st
5 desrees, and in the majority, the totsl percentage of
germination wss also increased.

Bitteraweet, (elatrus scandens, also resnonds to

similar treatment, eccording to Joseph (26). In this



10,
case the seed musi firat be dried at least two weeks at
room temperature. It was stretified in sand, soil or peat
for three months at 0 to 10 derrees C. or for five months
in the open, with good results.

The only work bearing directly on the problem of
eftor-ripening of rose seed is that of Crocker, who re-
ported on four specles in 1926 (7). The best temperature
for aftereripening was found to be 41 degrees F, aslthough
temperatures fluctuating between 32 and 50, and averaging
about 41 degrees were also suitable, A econsiderable per-
centage of the seed germinsted at 41, but when germination
began the seed was placed at a temperature of 68 degrees.
In order to give 60% germination after three to five days
in the warmer atmosphere, it was found necessary to keep
Rose miltiflora 60 days in cold storage, and R. rugosa
and R. rubirinosa three to four months. R, marreti re-
quired a much longer neriod of aftereripening. In a later
paper, Crocker (8) added that R. cenina required nearly
a year. Hybrids with southern roses, on the other hsand,
do not require as low temperatures.

In the same paper, Crocker observes that the best
tomperature for after~ripening seeds of the Rosaceae
was about 5 degrees C. That temperature was given as best
for the damson plum, end slightly better for the peach
than 10 degrees, while the pear was s8sid to do sbout
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equally well at 5, 10 or 15 degrees. NMore recent, unpudb-
1ished worl by Crocker indicates that each species has
its own optimum termereture and that wvaristions of much
less then five degrees gre significant,

Secondary dorrency often develons in seeds which
have been after<rinened, if they are held at higher
temperstures under conditions unsuiteble for gerrinetion,
a8, for inetance, in ordinsary storage. Harrington and
Hite (23) referred to this in the came of the spnle, and
Davis (13) found that if after-ripened seods of Ambrosia
trifida falled to perminate, secondary dormancy set in,
necessitating another period of efter~-ripening as long
as the first.

The coeklebur, Xanthium, is inhibited from germine
ation by 1ts seedcosnt, but the naked embryo will ordie
nerily grow at once under favorable conditions. However,
Davis (14) was able to induce dormancy by imbedding the
hypocotyl end of the seod in elay, or the ontire seed in
agar for eight to 10 weeks. Seeds treated in this way
fatled to rrow when the npgked embryo was subjecied to
fovorehle conditions. Several wescks of storare at b
deprees C, removed this induced dormancy. Ungerminated
upper seods were dus in Farch, end the nsked embryos
germinated immedietely, while those dug in July did not,
having hecome dormsnt, It 18 thought that the development
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of dormency during the summer, and after«ripening in
winter are rather general among seeds in the termersate
zZone .

A number of investigators heve studied the phyaio-
logieml chenges which go on during after-ripening. The
work of Bekerson (20) on Cratesegus is claésical. She
found thst during efter-ripening there is a gradual in-
erease in aeiditﬁ and in enzyﬁes. Afteé 80 or 90 days
at 5 degrees (., the fats begin to break up and sugar
appears, A 1ittle leter oxidsse apnears. At sbout the
75th day HCN is found, and increases until gevminstion,
.after which it decreases., The water holding capacity of
the hynocotyl also ineroases.

Treatment with hydrochloric, butyrie end acetic
acids not only decreassed the period of after~ripening,
but increased the catalese, oxidase and percxidase; while
butyric and acetie seids eslso increased the acidity.

Crocker and Harrington (11) confirmed this work and
extended it to other species, finding increassed oxldase
and ecatalase sctivity in after-ripened seeds. Davis (12)
reported inoreased eataﬁase sectivity in dogwood seeds
during after-ripening, snd also an increase in sterch,
sugar and soluble protein. He found no change in the

acldity. Pack (27,28) found that conditions which favored

after-rinening also favored constructive metabolism, and
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inereased catalsse activity. Davis (13) observed that
during the after«rinening of Ambrosis trifide, both
scidity and catslnse activity inereased, but that acidity
also increased at storage at higher temperatures, while
catalose activity did not. Apploman (3) has pointed out
that catalese activity shows a striking correlation
with respiration,

It seoms probable from these investipgations that
enzyme asctivity is more s result of metabolism than a
cause of after~ripening, but that it, and particularly.
catalese activity, may be useful as en indication of the
progresas of processes which accompany sfter-ripening.
The question of how different temperatures asnd chemiceal
treatments offect the metabolism of the seed remains
unanswered,

A summary of the more¢ important treatments of
delayed gormination 1s given in the accompanying table,

In plent tissue, dormency occurs in buds as well
a8 in seecds, and it seoms roasonable that conditions
effecting dormency in one case might dolso also in the
other. It is well lmown that potsasto tubers will not grow
immodiately after reaching maturiéy. Appleman (1,2) has
shown that storsge at O degrees (. shortens the rest
period, Aiding the absorption of oxygen is also effective,

Rose {29) tested several chemicsl treatments to



Seed
Water plents

Johrison grass
Oats
Holly -

Apple

‘Betula .

populifolia

Betula sovp.

.Gornus floridas

. Sembucus
" eonadensuls

| Berbéris ¢

thunbhergil

Samhueua Sp0.

‘Ambrosie

trifida

14.

Summary of Experiments on

Type of Dormancy
Exclusion of water
Exclusion of water
Execlusion of oxygen sand
embryo dormancy

Inmature embryo

Dermant embryo

Seed coat end embryo
dormaney

t

i

itd

Coat too strong (1) . -

. Exolusion of oxygen and

embryo dormancy

Investigator
Crogker
Herrington
and Crocker
Atwood

Ives

Harrington
snd Hite

Welsae

Josenh

Davls

Davis .

. Bavisg .

Rose

Ros®

: Rose .

Davis
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- Removal of Dormaney in Seeda.
Method

Remowal of coat

Removal of coat
Removal of coat
Neked embryo kept at low temp~
ereture with dextrose solution

After-rinening ét 5-10 degreéa

After-ripened seed held st
room temperature :

Cheriicsls and low temperature

Low temperatures. 0~5 best
Held at 5-10 degrees
Chemicel treatment

0-58 degreeé
Alternating 10-27 dogrees

Altornating temperstures

Chemicals st 4-6 degrees

After-rinened just above freezing
Chemicel treatment

Severe chemical treatment .

Held at 5 dogrees

Haked embryos at § degrees

After-ripened, then warm

Results
Complete germination
Complete germination

Hastened germination
Germination in five
months

Good germination

Secondary dormency
Hastoned germinstion

Hastened germination
Hastened germination
Negative

Germinated in 100 days
Germinsted in 30 days

Hastened germination

Hastened germination

Good/germinatién
Nogative

Growth in 4-20 days
8low growth in 90 days
Imnediate growth

Secondary dormancy
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Summary of Experiments‘on Removal

Seed Type of Dormancy
Crataegus S8eed coat end embryo
mollis dormancy (?)

Cratsegus spp. Seed coat and embryo
. dormaney (?)

Coniferous S ¢

seeds
Pirns 9pp. Impermesble coat (7)
Conifers e

Bitiersweet -+ T

)

Bosa-spp.' .- Bmbryo dormency
Rosgscane ?

Xépﬁhiﬁ@'épp. Not dormant ;

Investigator

Davis end
Rose -~

Eckerason

¥

Peack

Barton
Barton
-Jose?h

Croclker

Crocker

Devis
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of Dormancy in Seeds (Continued)
Hothod a

Held at 6§ degrees with carpels
removed

Chemical troatment at 5 degrees
Same with tests removed

Removal of coat
Held at 5 degrees
Held at 12 degrees
Chemical treetment
Held st 0-15 degroes

Held gt 0-10 degrees
Dried, then held st 0-10 degreceos

Held at 5 degrees, or fluctuating
betweonn 0 snd 10 degrees
Held at 5 dogrees

Imbedded in clay or sgar 8-10
- weeks

Results

80% germination 4in
20 days

Germinetion in 53 days

Germination in 18 deys
Negétivo |
Hastened germination
Secondary dormency
Rogautive

Gerrdnatior. éftur
one month

Sormination ngétwnad
and, 1ncreasad

Germ¢nation af,er S
ronths

60% germineiion in
2-12 months

Hastened gcrminaticn“

Induced dormancy
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Yreak the rest period, end reported consideradle success,
Nitratos and other oxidiging agents broke the rest, a
«5 mol solution of sodium nitrate bBeing very effective.
| ~ Denny (16,17) also inveatigated the rest period of
potatoes, and found other chemicals even more effective.
than sodium nitrete. Ethylene chlorhydrin and the thioe
sysnates of sodium and potessium were found most effeote
ive. The tubers were either sosked in solutions or exposed
to the vapors., Bthylene dichlorid, thiourea and other
organic compounds also hastened emepgence from dormenecy.

Similer work was done by Denny and Stanton (18,19)
on woody plants, It was found that a nﬂﬁbernof orgenie
eompounds were effective in shortening the rest period.
Ethylene dichlorid and bthylgne chlorhydrin proved most
effoctive, The réh#Qkablo effect which these compoun&s
were shown to have in bresking the rest periodvor buds,
suggests the possibility that they would bringéabout
similer results with dormant embryos. The dormency of
the embryd, like thet of buds, 1is probably a device for
preventing growth during the winter, and seems to be a
gimiler phenominon. It would not be surprising if trest-
ment which effects one would also effect the other. In
the present experiment, the wild rose was chosen to test
this theory, as it is one of the few plants in which
delayed germinetion seoms to be purely a matter of

-
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embryo dormancy.
Proceedure

Pruits of the sweetbrier, Rosa rubiginosa, were
gethered from the neichborhood of Corvallis late in
January and in Pebruary, 1930, An umisuslly cold winter
had subjected them to freezing and thawing a number of
times in the field, The first lot of fruits were dried,
crushed, and the seeds separated by screening and winnowe
ing. The second lot were put through a4 food chopper with
the knives removed, end washed and screened, s method
which proved more satisfactory. In both cases, seeds which
were light enough to float on water were discarded,

Part of the seeds were scarified by being struck
lightly with s smell bundle of needles, scldered tegether.
Others were trested for 15 minutes in coneentrated
sulfuric aeid, neutrsliged and thoroughly washed. A smsli
bateh were kent in the amcid for 50 minutes, but this
treetment seemed to be much.too severe,

The secads were trested in lots of 100 each, placed
on three thicknesses of filter psaper and kept moiét. Exe
copt for checks whish were not chemieslly treated and
which were stored at s temmerature which fluctuated but
11ttle from 65 degrees F,, the sceds were kept in a cold
store, where the temmerature fluctuated dbetween 32 and

50 degrees F. but was generally around 40,
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Forty eight Adifferent chemicals, masinly orgeanie
compounds, were used, most of them in two or three con-
centrations or for dAifferent periods, In the liquid
treatments, the seeds were placed in small beakers and
covered with acueous solutions of the chemicals. Vapor
trentment wes given by nlscing the dry seed in two-liter
jars end putting the chomical on cotton at the top.

In the c¢sse of ethylene, the gas was introduced directly
into such a jer.

With each concentration, one set of seeds was used -
which had hed no trestment of the coat, and one which
had been scarified. Seeds which had been treated with
econcentrsted sulfuric aecid were used in a number of
cases, in addition to the plain and scarified seed,
Checks of plain and scerifisd seed, not chemically treat-
ed, were also kent in cold storage.

The following chemicals were used as indicatedg
1, "Hydrochlorie seid, n/1000, n/3000, n/5000, 18 hours,
2, Butyric acid, n/100, n/200, n/800, 174 hours,

3, Acetic scid, n/500, n/1000, n/2000, 15% hours.

4, Sulfuric acid, n/500, n/1000, n/100,000, 18 hours.

5. Potassium nitrate, n/10, n/20, n/100, 24 hours.

6, Mercuric chiorid, .1%, », 3 hours, -

7. Thioursa, 5%, 3 hours, 15 hours.

8. Ethylene chlorhydrin, .4%, 3, 6 hours; .8%, 3,6 hours.
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9. Propylens chlorhydrin, .4%, 3, 6 hours; .8%, 3, 6
hours.
10. Chlorsl hydrate, 2%, 5%, 2 hours.
(In the following, the amounts given are for a 2-
liter container,)
11. Ethylene chlorhydrin, .2 cc, 48 hours;.4 cc 24, 48
hours.
12, Propylene chlorhydrin, £ ecc, 48 hours; .4 c¢c, 24,
48 hours,
13, Uspulun (chlorophenol mercury) .25% 3 houra; 1%,
%, 3 hours,
14, Ethylene c¢hloride, .2 ¢¢, 48 hours; .4 ¢cc, &, 3 hours,
15, Ethyl citrete, .2 ce, 48 hours; 4 co¢, 24, 48 hours,
16, Propyl chloride, .2 cc, 48 hours; 4 36, 24, 438 hours.
17, Ethylidine chloride, trace, 48 hours.
18. Trimethylene chlorohydrin, .2 cc, 48 hours; 4 cc,
24 hours.,
19. Ethylene, 2, 4 ce (295%), 24 hours; 2 ce¢ (95%) 168
hours. |
20, Tetrachloroethylene, .2 ¢¢, 48 hours; .4 cc, 24, 48
hours,
21. Octylene, ,2 cc, 48 hours; .4 cc, 24, 48 hours.
22, Dichloroethylene, 2 ce, 48 hours; .4 co, 24, a8
hours.,

23. Ethylene bromohydrin, .2 co, 48 hours; .4 co, 24
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25,

26,

27,
28.

30.

31.

32.

33,

o4,

35,

38.

37.

38,
39.

22,
hours,
Trimethylene chlorohydrin, .4 cc, 48 hours,
Ethylene bromido, .2 cec, 48 hours; .4 ce, 24, 48
hours,
Bthyl formate, .2 c6, 48 hours; .4 cc,.24, 48 hours,
Allyl ehloride, .2 ec¢, 48 hours; .4 ce, 24, 48 hours.
Piperidine, .l ¢c, 48 hours; .4 cc, 17 hours; .05

ee, 48 hours.

¢ Trimethyline chlnoride, 2 c6, 48 hours; .4 cc, 24,

48 hours.

Propylene ehloride, .2 cc, 48 hours; .4 cc, 24, 48
hours.

Tetrachloroethane, .2 ¢c, 48 hours; .4 oc, 24, 48
hours,

Chloromothyl ether, .2 ce, 48 hours; .4 cc, 24, 48
hours.

Pronionyl chloride, .2 cc, 48 hours; .4 co, 24, 48
hours,

Allylemine, .2, .4 cec, 48 hours,

Ethyly proprionste, .2, 4 ¢c, 48 hours,

Ethyl pronane alphe alpha bota gemma tetracsarboxylate,
+2, +4 cc, 40 hours.

Butylgne bromide, .2, .4 cc, 48 hours.

Pyridine, .2, .4 cc, 48 hours,

Methyl chlorocarbonate, .2, .4 cc, 48 hours,
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40. Bromoethylbenzene, ,2, .4 cc, 48 hours.
4. Methylene chloride, .05 c¢, 48 hours.
42, Thiosmcetle acid, .05 ce¢, 48 hours.
43. Propionaldehyde, 05 ec, 48 hours,
44. Vethylene chloride, .1 cc, 48 hours.
45. Thioacetle acid, .1 cc, 48 hours.
46, Ethyl scetste, 5 cc, 48 hours,
47. Methyl acetate, .5 co, 48 hours.
48, Ethyl ¢arbonate, .5 ec, 24 hours.

The total number of shemliosl trestments, therefore,
is 118, With the different treatments of the coat, more
than 250 lots of seed were used,

After chemical trestment, the seeds were plsced in
the petri dishes and molistened with distilled water, andl
then placed in the cold store. ¥ore distilled water was
added es needed, two or three times a week, in order to
prevent the seeds from hecoming dry.

When the seed had been in the cold room for a month
it was removed, exemined for germination, end kept three
days at a temmerature of about 65 degrees. It was then
oxamined asain and returned to the cold store. The pro-
coedure wes reneated at the end of the second month,

Results
Remilts are entirely negsative, a&s no seed has gere

minsted, Were it possible to continue the experiment
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until the seeds in the check lots germinated, some 4if-
ferences might appeer. As soeds of Rosa rubiginosa asre
known to after-ripen at the temperatures used, in three
or four months, it i3 nrobable that if eny of the chemi-
cal treetments were eble to hasten germination, this
would have occurred within the two months,

In 2 private commnication, Crocker has informed
the writer of similar experiments carried on with aseveral
other species of Rosa. A large variety of chemlicals was
used, but in no case was germination hastenmed.

Discussion

The lerge number of chemicals tried included those
which have given such startling results in breaking the
rest period of buds and tubers, as well as the few which
have been used successfully in treating what msy have
been embryo dormancy. From the uniformly nesative results,
both in the present experiment and in those econducted by
Crocker, it seems very probeble, therefore, thet afterw
rivening of seeds of Rosa cannot Ve hastened by chemicsl
treatment. This genus is one of the very few in which
delayed germination is known to be entirely an matter of
embryo doermency. Naked embryos germinste no more readily
then the whole seed,

The question has been reised by Crocker as to

whether it 1s possidle to hasten the after-ripering of
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any dormant embryo by‘chemical treatment. In most, if
not all, cases in which chemical trestment has proved
effective, there is at leesat the possivility that 1its
sction was entirely upon the seed coat., As far as s
review of the literature shows, there is no esse on rec-
ord of which it is possible Lo say positively that
chemicsl treatment has overcome embryo dormancy. There
are cases in which chemiecel treatment has overcome
dormaney, but these may be explained by its section on
the seed coat. If the difference between dormancy of
the embryo and that of buds_ware understood, end the
nature of the asction of the chemicels which are effective
with dormant buds, it would probebly be possible to
explein why the embryos have failed to respond, It might
#lso sppear whether there is hope that further experi-
ments with dormant embryos would result in effective
chemical treatment. With nresent knowledge it is only
possible $o econclude that there is no evidence that
chemical treatment of dorment ombryos is of any wvalue.
Summery

1. ¥any investigators have studied the guestion of
delayed germination of seed.

2., A number of factors were found to csuse delayed

germination.,

3. Deleyed germination in the csse of the rose is
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ceaused by dormancy of the embryo.
4, Chemical treatments heve hestened the germinstion of
some seeds,
5. SBtorasge at temperntures sround 5 degrees ¢, have
hastened the germination of many species, including seve
oral speclies of roses,
8. Bnzyme activity, especinlly catalase activity, ine
e¢reasses during after-ripening, but is probsbly not
a cause of it,
7. Chemicel treetments have been very successful in
breaking the rest period of buds end tubers.:
8. In the present experiment, treatment with 48 chenicals
was used in addition to scarification of the seed coat
and molst storage at 32 to 50 dogrees F, with seeds of
Rosa mbiginosa. Results are entirely negative.
9. Thera is no evidence thst germinetion of Rosa rubig-
inosa or of other seeds with dorment embryos is hastened
by chemicel treatment.
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