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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

B. SHORTENING THE REST PERIOD OF
THE POTATO

By WiLLiam SToant, sendor herticuliuri~, and E. H. MiLsTeap, chief scientific
?icfi Drivision of Fruit and Vegelable rops and Diseases, Bureau of Pliat
reustry
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INTRODUCTION

Bernard’s (2) ' discovery in 1878 that plants, like snimals, were
rendered insensible when subjected to ether fumes, while serving to
establish a close physiologicﬂi relationship between members of the
enimel and vegetable kingdom, did not indicate the after-effect upon
plants that were in a state of rest at the time of the ansesthetization.
it was not until 12 years later (1890) that Johannsen (8), of the
Royal Danish School of Copenhagen, Denmark, conceived the idea
that ether or chloroform might be successfull: used to shorten the
rest pertod of plants. The presentation in 1893 of a paper by

g Johannsen (7) before the Royal Academy of Science of Copenhagen,
giving the results of experimental studies on the effect of anaesthetiz-
g willows and bulbous plants, at once aroused keen interest in the
su%ject. This stiznnlation of interest in the possibilities involved in
the use of anaesthetics in plant forcing became general, and it was
not long before some European nursery firms were advertising
anaesthetized dormant hard-wooded flowering plants for sale.

Later studies have shown that many chemrcals other than those
producing ansaesthesia can be employed with satisfactory results in
shortening the rest period of many classes of plants. It has also
been found that the subjection of certain plants in a state of rest to
relatively low or high temperature or to Immersion in warm water
shortens the rest period.

1 Italic numbers Lo parentheses rafer to Literature Clted, p. 30.
3.)086°~34——1
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REST OR DORMANT PERIOD

Tn much of the literature dealing with methods for hastening the
gerinination of potato tubers the terms ““rest period” snd ‘‘dormsney
period”” are used synonymously. Because in a certain semse these
two terms are not ideniicel in meaning it seems desirable fo attempt
the formulation of a clearer definition of their meaning. The rest

period as applied to outdear plants, in northern letitudes especially, -

is that intervel between the cessation of active growth and the time
when it is again resumed, sssuming, of course, that temperature is |
not the inhibiting factor. Dormancy, on the other hand, is an allry
inelusive term, embracing not only the normsl rest period of the plan ™|
but also that mterval of time beyond the true rest period, in which
growth is inactive as & result of low temperature.

Most deciduous snd herbaceous outdoor plants in northern latitudes
have certain well-defined periods of rest, the intensity of which is not
uniformly alike. Johannsen (6) suggestively divided this resting
stage into three periods which he called ‘‘before rest”, “middle rest”,
and “‘after rest.” In the first and third rest periods the plant is
more easily incited into growth than in the middle or deep-rest period,
during which it responds less readily to external stimuli, such ss heat,
moisture, and light. In the case of the potato the deep-rest pertod
begins about the time of tuber maturity and continues from 70 to 80
days. Appleman (i) in his study of the rest period of potato tubers
found that under natural planting conditions the McCormick potate
would begin to germinate about 90 days after harvesting.

After potato tubers emerge from the middle or deep-rest period
further inactivity is entirely dependent on the temperature at which
they are beld. This dormancy or inactivity is entirely apart from
the rest period and should not be confused with it. Hence, the true
sffectiveness of any agency employed to hasten germination can only
be properly evaluated when the treatment is made during the first
portion of the deep-rest period.

PREVIOUS EXPERIMENTAL STUDIES

The earliest experimental effort to ebridge the normal rest period. -
of the potato in the United States that has come to the writers’
sttention was reported by McCallum (9) in 1909. This report was
based on studies conducted during the crop sessons of 1907 and 1908.
According to that author these studies were the outcome of an inquiry
relating to tuberization in potatoes, which indicated the necessity of
a more adequate knowledge of the many factors involved in tuber
formation. One of these factors was the shortening of time for the
erop to mature, in addition to the time saved by green sprouting
the seed before planting. It was thought that germination might
be hastened by treating the cut seed or whole tubers with some
stimulative agent. Among the most effective of those employed by
MecCallum (9) were ethyl bromide, carbon tetrachloride, ammonia,
gasoline, ethylene chloride, bromine, sic. The best success followed
treatment with ethyl bromide. Manganese chlcride and ethyl sther
were found to induce a marked aceelerstion in tuber formation.

Appleman (f) found that the rest period could be shortemed and
sprouting induced by the removal of the skin, especially around the
ayes,
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On the assumnption that oxygen might be a limiting factor, tubers
were wrapped in cotton previnusly saturated with hycTrogen peroxide
and then stored in moist chambers, which in turn were buried in moist
sawdust under s greenhouse bench,

Tubers wrapped in cotton saturated with s 3-percent solution of
hydrogen peroxide showed 100-percent germination in 28 devs, ag
wompared with 43 days in the case of those wrapped in cotion soaked
in o 1-percent solution.

The effect of anaesthetics was also tried by Appleman (1) on blocks
of tissue 1 centimeter square, each containing a single eye. Ether gas
proved ineffective, but marked results were obteined from ethyl
bromide. The periods of treatment tested were 2, 4, 5, 10, and 20
minutes, while whole tubers were treated for 15 and 30 minutes. The
' quickest response was obtained from the 5-minvte treatment.

In some experiments conducted by Rosa (17) in 1923 it was found
that the rest period of cut seed potatoes could be materiall abridged
by soaking the seed in solutions of NaNQ;, Ca(NO3),, Mg(NO,),,
Mo(NQ;)., KMnO,, (NH,},80,, The conclusions drawn were that
the sprouting of dormant tubers can be hastened nnd the percentage
of germination within a limited period after treatment can be increased
by dipping the cut seed pieces in a 0.5 molecular solution of sodium
nitrate (NaNQ,). Other oxidizing substances to which the cell is
permesble and which are not toxic when used in proper concentration
had a similar effect.

In a later report Rosa (12) presented the results of studies conducted
the winter of 1923-24 and the fall of 1924. These studies involved &
determination of the relation of temperature to the nitrate of soda
treatment of cut seed. Lots of tubers were soaked for 1 hourin a 0.5
molecular nitrats of soda solution at 18°, 24°, 31°, and 40° C. {64°,
74.8°%, 87.5° and 104° F., resp.). It was found that the average time
required for germination decreased slightly as the femperature in-
creased to 36° C.* (96.8° ¥.), while severe injury occurred at 40° C.
(104° F.). In later field tests it was observed that treatments in g
given strength and period were considerably more toxic to the seed
piece during hot weather than during cool weather.

Ethylene gas was first tested by Rosa (J3) in 1923 as an agent for
shortening the rest period of potatoes. Three varieties, American
Giant (White Rose), Chsrles Downing (Idaho Rural) , and Trish
Colibler were used in the experiment. Cut seed pieces were exposed
for 4 weeks to three concentrations of the gas, except it the case of the
Irish Cobbler sets which were only exposed to the two higher strengths.
The gas concentrations employed were 1: 1,600, 1: 5,000, and 1: 100,-
000 parts. The chambers were ventilated every day or two during
the treatment, and the gas concentration restored after each ventila.
tion period.

It was found that the American Giant responded most readily to the
treatment, with the Charles Downing and Irish Cobbler following in
the order mentioned. Evidently these varieties have longer or
deeper rest period than the American Giant,

Considerable impetus was given to the study of the most effective
means of shortening the rest period of potatoes through the publica-
tion of a paper by Denny (3), which included a study of the effect of
22¢ different chemical substances. In these tests ethylene chlorhy-

—_—
? No menticn {s made by Ross of baving soaked cut seed in 3 38° C. solution.
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drin (CICH,CH,0H) and the thiocyanates of sodium and potassium
stood out most prominently in hastening germinstion.

The germination of cut seed of Triumph was found to be materially
hastened when. soaked in solutions of ethylene chlorhydrin varying in
concentration from 3 to 10 cc per liter. Freshly harvested Irish
Cobblers responded to o 4-cc-per-liter concentration in which the cut
sets were soaked for 2 hours. -

The volatility of ethylene chlorhydrin also permitted its use as
gas. Three methods of application were used. The first was by
placing 0.5 to 1 cc of ethylene chlorhydrin in a shallow pan rest.i.ni on
the cub sets, which were held in an airtight container of 1- iter
capacity for a period of from 16 to 24 hours.

The second method consisted in mangin%] the cut sets in layers
about, 6 inches deep in tight containers and then covering each layer
with burlap saturated with a solution of ethylene chlorhydrin and
holding them overnight. The concentration used to saturate the
burlap eloth was 100 cc per Liter.

The third method consisted in dipping the cut seed in a 3-percent
ethylene chlorhydrin solution and holding them in & elosed contuiner
for 16 to 24 hours.

Fairly satisfactory results were obtained from the first and last
methods.

The rest period of cut sets was materially shortened when the tubers
were sorl.keg]J in 3- or 2-percent solutions of either sodium or potassium
thiocysnate. Soaking in a l-percent solution was found to be less
effective, and distinet injury resulted from the use of & 4-percent
solution.

Treatment of cut sets by soaking 1 hour in a 1-percent solution of
thiouren caused the development of multiple sprouts. In a later
experiment additional evidence was obtamed by Denny (4} in regard
to the peculiar reaction of potato buds to this freatment. Multiple
sprouts from oie-eyed seed pieces were observed in the Irish Cobbler,
Triumph, Rural New Yorker No. 2, and MecCormick varieties.

In studying the relationship of temperature to the effectiveness of
chemical treatment of seed potatoes to hasten germination, Denny (5)
found that when cut seed wag held for 16 to 24 hours in a closed jar
after dipping in an ethylene-chlorhydrin solution a temperature of
05° ¥. caused o considerable rotting of the seed, while at 59° the
treatment was more or less ineffective. Favorable responses in break-
ing the rest period were obtained between 68° and 90°, It was also
found that when the trestment consisted in soaking the cut seed in
a 1- to 2-percent solution of either sodium or potassium thiocyanate
the temperature of the solution was of less importance. This ohser-
vation confirms that of Rosa (12), to which reference wes made earlier
in this publcation. .

Any review of previous experimental evidence, however brief, would
be incomplete without discussing the effect of temperature alone in
shortening the rest period.

Among the workers who have used other than chemical means for
breaking the rest period, Miiller-Thurgau ({0) may be regarded as one
of the earliest. He was able tu force potatoes into growth by storing
them for 8 month after harvesting at a temperature of 32° F. Ina
later paper negative results were reported from a 1-bour bath in water
8t 35° C. (95° F.).
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Loomis (8) found that the rest period of potatoes can be broken in
4 weeks by storage durin%July in the sttic of a low-roofed building,
Extended gtudies prove the eﬂica:ay of storage temperatures around
86° F. in shortening the rest period of potato tubers,

Tubers weighing 3 and 4 ounces, selected from a given lot of freshlg
dug potatoes, germinated mors readily and made a stronger growt
than 1- and 2-ounce tubers from the same lot. The difference was lost
as the tubers passed through the rest period.

DEPARTMENT OF AGFICULTURE STUDIES

The studies upon which the present report is based were primarily
undertaken with a8 view to securing additional information in regard
to varietal responses to chemical treatments for breaking the rest
period. A preliminary study of such varietal responses was begun
in the fall and winter of 1928-29 and was continued more extensively
and thoroughly during 1929-30 and 1930-31.

The chemical treatments and methods of application were essen-
tially those recommended by F. E. Denny, who collaborated with the
Department, in the fall of 1927, condueting chemical treatments of
newly harvested Maine-grown Triumph seed potatoes for immediate
planting at Belle Glade, Fla. The potatoes were harvested and
shipped direct to Florida by express, where they were promptly
treated and planted. In this experiment Dr, Denny discovered that
seed dipped in a solution of eth;ff;ne chlorhydrin and kept in a closed
container for 24 hours, when the day temperature was 90° F, or above,
was distinctly injured.

EXPERIMENTAL TREATMENTS
SEASON OF 1928-29

Preliminary studies during 1928-29 included observations on the
behavior or reaction of o number of varieties to the ethylene-chlorhy-
drin treatment and a more detailed study with the Irish Cobbler and
Dakots, Red {Jersey Red Skin) varieties of the effect of different
strengths and periods of freatment in which sodium thiocyanate
(Na EON) as well as ethylene chblorhydrin was used. ‘The treated
seed in zll of the earlier experiments was immediately planted in
1-inch %ots and genninated in a greenhouse temperature of from 55°
to 75° F.

1n no instance were the tubers freated as soon after harvesting as
is considered desirable to obtain the most striking differences between
the date of germination of the treated and untreated seed. This
delay was partly unavoidable because the stock used in the experi-
ment was grown in Maine, harvested shout September 25, and held
until a convenient time to prepace the material for shipment to
Washington. The shipment was sent about October 10, which meant
arrival at Washington sometime between Qctober 20 and 25. Qther
duties delayed the treatment until November 12, or approximately
48 days from the time of harvesting.

Notwithstanding these delays, some interesting data wers obtained,
as shown in table 1. Because of the small sample of each variety it
was not possible to use check lots; hence the chief interest of this
study is the relative response of the several varieties to the ethylene-
chlorhydrin treatment,
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TasLE 1.—Effect of {reating cuf seed of djﬁerent varieties of polaioes by dipping in
7t

a 4-percent solulion of ethylene chlorhydrin and storing in o closed container for
24 hours le hasten germinalion

(Bets treated Mov. 12, planted Nov, 13, 1928]

Hate of germination in—

Variety
Pdays [11dgays| i3 duys| 18 doys | 2) duys| 24 doys |26 days

Number] Percent | Percent | Pervent | Pereent Percent | Porcent
MNoroton Brauty 30 46,7 30, 1
Ciharles Downing ' 7 2 02.3
Seoteh Rosp. ..o N 3 5%:3 3,3
Esrly Monlstes X X . 93.3
White Star_._ . . X X 253
White Oblo._ . .
Extra-Early Roeklford... ..o o.oeooe
White Rosa {\White Elophant, ete.). .
E=zrly Rose . R
Beauty of Hehron___
Burbank {Low-topi_
Prida of Multnuash
Gold Coin -
Russet Rural (Eate Petoskey). .___ __
Peachblow {Red MeOluye).
Envliest of AL .
Dakota Sesdling
Adirondack. ...
Quesn-oi-the-Volloy
Diakots Red
Early 8t. George
Proiifte (Browst Benuly}. ...

]
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Of the 27 varieties, or 28 lots, treated, Prolific (Brown Beauty)
showed the quickest response, with nearly 7-percent germination in
¢ days. In 11 days afier treatment 5 varieties gave germination
counts varying from 5 to 30 percent, while after 13 days newly half
of the 28 lots showed varying degrees of response. The most inter-
esting feature of these data 1s the behavior of the Dakots Red, the
‘White Ohio, and the Extra Early Rockford, the istter being a strain
of the Early Ohio. Neither the Extra Early Rocliford nor the Dakots
Red showed evidence of germination after 28 days, and ooly 1 of the
30 White Ohio seed pieces sprouted.

The value of any treatment for shortening the rest period of the
potato is its effectiveness in securing a satisfactory percemtage of
germination in a winimum time interval, A study of the data in
table 1 shows that 6 of the 27 varieties—Early Manistee, Early Rose,
Early 8t. George, McCulloch, Prolific, and Prince Albert—gave a
germination of 80 percent or over in 21 ciays, while the Charles Down-
Ing and Noroton Beauty required 24 deys and Beauty of Hebron and
Keeper 28 days. In other words, only onethird of the varieties
responded with a 80-percent, or better, germination in 28 days.

n order to obtain additional light on the efficncy of different
strengths and periods of freatment with ethylene chiorhydrin and
sodium thiocyanate, 27 lots of 20 seed pieces each of the Irish Cobbler
were treated on November 27, 1928. These treatments varied from
6 to 48 hours,

The data in table 2 indicate the most pronounced results from seed
dipp+d in & §-percent solution of ethylene chlorhydrin and held in &
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closed container from 38 fo 48 hours. Seed dipped in a I-percent
soluticn of sodium thiocysnsate and held in tight containers for 24,
36, and 48 hours, also those dipped in a 2-percent solution of the
above chemical and held in tight containers for 6, 12, 18, and 24 hours

ave nearly as good results as those in the 8-percent ethylene chlor-
iydrin treatment. Seed gassed for 12 hours with 5 cc of ethylene
chlorhydrin per liter of container space showed the highest percentage
of germination in 15 days. Considerable foliage injury was noted
in plants produced from seed dipped in & 3-percent sodium-thiocy-
anate solution and then held in closed containers for periods of 6, 12,
18, and 24 hours. This treatment alsc delayed germination.

TreLe 2—Cermination resulls obigined with Irish Colibler seed pieces treated with
chemiculs to break the resi peried

[Treated Nov. 27, lanted Nov. 30, 1928)

Rato of germination in—

Duration
Treatmen of

frontment

15days | 17 days |18 days | 26 days | 31 days

ifoury | Pereent| Percent! Percent
24 15

Seed dipped in & 4-poresnt solution of ethylene 1]
°§”°§é"’d"‘”' then put in tight container for periods 20
stpted__ —— n:

Sexd dipped in o &-percent solution of ethylene 1]
chiprhydrin, than put in e tight container for pe- ]

rivds slated .

Baed passed 1o a tight Jor wilh i e per guart of ethy-
lene chiorhydrin for periodsstated ..__ ... ..

Seed gassed in niipht iar witk 2 co per guard of ethyl-
ena chlorhydrin for perfodsstated . ____.

Seedé;qssed in & tight jor with 5 ce of cthylene chior-
bydrin for periods stated oo ool
Seed dipped in n Y-percent solution of sodinm thi-
og'%lénte. then pul in & Lght container for periods
2 o

Beed dipped in & 2-percent solution of sodium thigey-
nsztei then put In & tight coptsiner for pericds
stiatet

Sead dlpped In & 3-percent sotution of sodivm {hicey-
a?atz% then put iz a tight coniniger for periods
Bated e R

Check held Jn tight container__ ... . .._.....
Cheelk, freshiy cut seed. __
Check dipped tn water ... ]

GBS aNIENaEEBRRS NRER

I Considerable injury to plants.

The firsy experiment, which is recorded in table 1, showed that the
Dakota Red did not respond to vhe ethylene-chlorhydrin treatment,
at lesst not during the 28-day observation period. On this account
it was thought degirable to conduct further studies with it. Twenty
lots of seed of this variety were treated December 18, as indicated
in table 3. The concentrations of ethylene chlorhydrin and sodium
thiocyanate were similar to those employed in the case of the Irish
C‘obb{er, as were also the periods of exposure. It will be noted from
the data in table 3 that very different results were obtained from
those recorded in table 1 for the lot treated 36 days earlier. For
comparigon with tho seed pisces treated in a similar manner Decem-
ber 18, the seed pieces treated November 12 were dipped in & 4-percent
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ethylene-chlorhydrin solution and subsequently exposed to the gas
in a tight container for 24 hours, It was found that the earlier treat-
ment showed no response in 28 days, wheress in the later treatment
100-percent germination was secured in 27 days. Tt is interesting to
note also that the check did not show any germination on this date,
and it was not until 6 days later, or 33 days from the planting of the
seed, that the freshly cut seed showed a 5-percent germination, while
that cut and held 48 bours in a tight container had & 20-percent count.

Apparently there was some retardation due to the 48-hour treat-
ment of seed dipped in a 4-percent solution of ethylene chlorhydrin.
In the case of the 6-percent solution it is apparent that the 12-hour
exposure was not so effective as the 24-, 36-, or 48-hour treatments.
The 36-hour exposure was the most effective. Gassing the seed with
1, 2, or 5 cc of ethylene chlorhydrin per quart jar was much less
effective than dipping and gassing combined and resulted in an
appreciable percentage of decayed seed.

TABLE 3.—Germination results oblained with Dakole Red seed piecces Irealed with
ehemicals lo break the rest period

[Treated Dec. 18, plauted Dec. 20, 1928)

Duration Rate of germinatlon {n—

Trentment “g;ﬁﬂ"'

18 days |21 days |27 days |33 doys

Per- Per- Per- Per-
Seed dipped in g 4-percent solution of ethy- Hour a 0 ""fm

lane chlorhydrin, then put ina tight jar ® 50
Ior periods stated p

Beed (pped in a 6-percent solution of ethy-
lene chlorhydrin, then put fn o tight jar for
periods stated

Seed grssed with 1cc of ethylena chlorhydrin
per ruarl io s tight. jar for periods stoted.

Geed gassed with 2 cc of ethylene chiorhy-
drin per quart in & tight jar for periods

state
Soed gassed with 5 ce ethylans chlorhydyin)
per quert in a tight Jar for periods stated__
Beed dipped (n o l-pereent solution of sodi-
um thiocyanate, then putin o tight jar for
periods staled

Beed dlppad in o 2-pereent soltion of sodi-
um thiocynnale, then put in a tight Jar for
perkods siated

Check seed, cut at same tima as tha olhers
and held io o tight jar for period stated___

Cheek, Ireshly pel seed..

Seed dipped in 1- and 2-percent sodium-thiocyanate solutions and
held in closed containers for varying periods was a little slower to
germinate than seed digped in ethylene chlorhydrin. However, the

development of the seed given the 1-percent treatment soon equaled
that of the ethylene chlarhydrin. The 2-percent sodium-thiocyanate
treatment gave the most uniform resuvlts.

SEASON OF 1928-30

As in the previous season, the potatoes used in the 1925-30 chemical-
treatment studies were grown at Presque Isle, Maine, and wero
harvested September 25, ’
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From the information obtained in the 1928-29 studies it seemed
desireble to determine the relative merits of the ethylere-ehlorhydrin
and sodium-thiocyanste treatments for hastening germination of
potato tubers during their rest period. A method requiring gassing
the sets in a closed container for a period of from 6 to 48 hours seemed
obviously impracticable for commercial adoption and use. It was
felt that if a method of soaking which would be approximately as
effective as the dipping-gassing method could be developed the treat-
ing process would be greatly simplified. As such a method of soaking
had been employed by Denny {4), his work paved the way for further
study, and the 1920-30 treatments were definitely planned to permis
careful study of the possibilities of the sosking method. Inasmuch
as in previous studies sets dipged in a 6-percent solution of ethylene
chlorhydrin and held in a closed container for 24 hours had given satis-
factory results, this treatment was used as a standard of comparison
with results obtained from sets soaked for varying intervals in
different, strengths of sodium thiocyanate.

Eight lots of 30 sets each of 23 varieties were treated as follows:
24Lt?t 1~~Dipped in a 6-percent selution of ethylenc ehlorhydrin and gassed

ours.

Lot 2.—Sonked in a 1-percent solution of sodium thiocyanate 1 hour.

Lot 3.—8onked in a 1}4-percent solution of sodium thioeyanate 1 hour.

Lot 4.—Soaked in a 2-percent solution of sodium thioeyanate I hour.

Lot 5.—8Soanked in a 1-pereent solution of sodium thiscvanate 1Y hour.

Lot 6.—Soaked in a I}-percent solution of sodium thioeyanate 14 hours.

Lot 7.—Soaked in a 2-percent salution of sodium thioeyanate 1% hours.

Lot 8.—Check {untreated).

The lots soaked in the sodium-thiocyanate solution were treated at
the same time as those that were dipped in the ethylene-chlorhydrin
solution and were planted in an Arlington Farm greenhouse the fol-
lowing day, as was also the dipped-gassed lot. The results obtained
from the treatment of the 23 varieties are presented in table 4.

A study of these data indicates considerable variability in the
response of different varieties to the chemical trentments. It is also
apparent that some sets were rather seriously injured by the treat-
ment. This is particularly true of those treated October 31 and
November 1, the germination percentage of which is given in table 4.
The injury wes directly attributable to high day and night tempera-
tures, which prevailed during treatment and subsequent planting,
The most serious injury was to seed treated with ethylene chlorhydrin
and held 24 hours 1n a tight container. Comparatively little injury
was sustained in the case of lots soaked in the sodium-thioeyanate
solutions except in the cese of the 1)%- and 2-percent solutions,
especially during the longer treatments,
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The varieties involved in the hot-weather treatment period, October
31 to November 2, were Adirondack, American Giant, Early Rose, and
Green Mountein. The results of the experiment serve to corroborate
those obtained by Denny (&) in the treatment of potatoes during
extremely hot weather.

Exclusive of the 4 varieties mmjured by high temgemtures in the
process of treatment during the dates mentioned, the following
varieties responded most promptly: Burbank, Charles Downing,
Karly Manistee, Early Ohio, Early Rose treated November 12 and 13,
Early St. George, Dakota Red, McCormick, Noroton Beauty,
Northern Spy, Prolific, Queen-of-the-Valley, and White Ohio. A
more critical analysis of these datn indicates that 93 percent of the
Prolific sets treated with ethylene chlorhydrin germinated in 16 days.
White Ohio showed 90-percent germination in 23 days and Early
Manistee and Early St. George 83 percent each in 17 days.

The most successful treatments in 1929, based on promptness of
gormination of treated seed as compared with untrested sets as
presented in table 5, indieate that in two cases the untreated zeed did
not show any germination at the end of 36 and 37 days, while during
the same period the treated seed gave n germination of 93 and ¢¢.1
percent, respectively.

Tarus 5.—Physiological responses of polate sefs to chemical treatments, 1925-30

Aver- Aver-

; Qerml- Germi
corml. | matlon Days | 0. | notion
Rtion | 0 Varioty i;‘;;“t nation rlrgfx
from all] , o 4 ment |TORAY peniog
treas. | trente trent- |8
monts | 8 ments

Dinys
{rom
treat-
ment

Varlety

Number| Percent| Percent . Number| Percent| Perount
Charles Downing i) s 12 || Early Mapiztee 28 .1 43

Dakotn Red 3 guean-omho-vmiey ar L i
White Ohlo. 3] orthern Spy. krd 3 17

Table 6, consisting of data compiled from table 4, indicates the
time between treatment of tuber sets and the resultant 90-percent ger-
mination, in comparison with untreated sets. -Where a lower per-
centage of germination is recorded, either the maximum percentage is
indicated or the maximum percentage recorded during the total period
of observation. In a pumber of instances where less than 100 percent
is recorded, complete germination was attained a few days later.

A comparison of the relative germination of treated and untreated
potato sets reveals that those of Beauty of Hebron, Early St. George,
Queen-of-the-Valley, and White Ohio, which were treated with
ethylene chlorhydrin, showed a germination of 90 percent or over
before any sign of germination was noted in the untreated sets. The
time_intervals were 24, 22, 26, and 23 days, respectively. Early
Manistee, Dakota Red, and the White-Edved Peachblow gave 93, 90,
and 100 percent germingtion in 22, 31, and 21 days, respectively, from
the sets treated with ethylene chlorhydrin, s ageinst 3, 7, and 7 per-
cenb germination from the untreated sets.

Nine of the nineteen varieties showed a quicker response from the
ethylene-chlorhydrin treatment as aguinst 3 varieties giving quicker
germination from the sodium-thiocyanate treatment, while the remain-
ing 7 showed the same scceleration from one or niore of the sodium-
thiocyanate concenfration or time trectments as from ethylene
chlorhydrin.




TABLE 6.—Percentage of germination of polato sets and number of days required after chemical treaiment to rench 90 percent or over® and
resullant germination of untreated sets during the 1923-30 season

Germination when treated with—

Ethylene chlor-

hydrin Sodium thiocyanate

6 percent .| 1 percewn; . 1.5 percent 2 pereent 1 percent 1.5 percent 2 percent
for 28 hours | Check | 1] Tour |CPOCKS for'T hour for 1 hour |CPeE| for 1.5 hours for 1.5 hours for 1.5 hours

o
&

Pct. E Prt, 3 3 . Pet,
2 00 30 6 L} 7 2. 0 2

Beauty of Hebron. 7
Burb 80

Charles Downing..
Early Manistee.
Early Ohio__.
Early Rosa *_..
Early St. George...
%nkotu Red

&

07

2228 RRSREERsRRSs

‘White O
"White Rose,
‘White Star,

93
43

39.0 L) [ 90:9 . 85.8 [ 56.3 { 33.2 8 35.0 | 36.4 | 88.2 | 47.3

BBouBonRILR B wmie
28383 BRBRE2RY

88
53
93
90
90
o7
00
97
87
93
Kt

RRBBL2BRRRABBIUREIRE

8
L -3

23.

o

! Whenever less than 90 percent is recorded the figure represents the maximum germination within the total period of observation of either the treated or check lots.
1 Eucly Rose treated Nov. 12, 1929.

OLViOd JHL 40 JOI¥Hd .LSHY HAHI DONINTZLYOHS
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Perbaps one of the most inferesting results is found in the reaction
of Prolific in which the ethylene-chlorhydrin treated sets gave 93 per-
cent germination in 16 days, while the check lot showet% 13 percent
%ermin&tion. This would seem to indicate that the Prolific variety

as a relatively short rest period. Other examples of a compara-
tively short rest period are found in Early Rose (second lot), Noroton
Beauty, White Rose, Burbank, and White Star. The data presented
in these instances indicate the desirability of determining the relative
length of the rest peried of the leading commercial varieties of pota-
toes, When the average time interval is compared for the different
treatments of the 19 varieties, it is found that the 8-percent ethylene-
chlorhydrin trested seis required the shortest period of days, 27.9, as
compsred with 33,2 days in the case of those treated 1% hours in &
1-percent sodium-thiocyanate solution, which was the next shortest
time interval to give 90 percent, or approximately 90 percent, ger-

mination.
SEASON OF 1%30-31

In the 1930-31 studies 11 varieties were used. The sodium-thio-
cyanate treatments were restricted to a 1-hour soaking in I- and 1%-
percent solutions and a 1¥-hour immersion in & l-percent solution.
- Further modification consisted in & substitution of & 4-percent solu-
tion for n 6-percent solution of ethylene chlorhydrin for general com-
parison with the sodium-thiocyanate treatments. In three lnstences
8. 6-percent ethylens-chlorbydrin solution wes used for comparison
with the 4-percent solution.

The varieties American Gignt, Besuty of Hebron, Burbank (Low-
top), Rarly Ohio, Dakota Red, and Prohific were harvested September
8, 1930, and the Green Mountain, Irish Cobbier, Queen-of-the-Valley,
Rural New Yorker No. 2, and Triumph on September 22. All of the
varieties were grown af Arcostook Farm, Presque Isie, Maine.

The data In table 7 represent the calender order of treatment of
the several varieties,

These fizures indicate a decided hastening of germination as com-
pared with the checks of the varieties Rural New Yorker No. 2,
American Gient, Burbank {Low-top), Green Mountain, Queen-of-the-
Valley, Early Ohio, Dakota Red, and Triumph,

The data on the comparative efficacy of the ethylene-chlorhydrin
and sodium-thicecyanate treatments es mdiceted in teble 7 show that
the 8-percent ethylene-chlorhydrin treatment resulted in & quicker
germination response than the 4-percent trestment. Compearison
of the response from the 4-percent ethylene-chlorhydrin treatment
and the l-percent 1-hour sodium-thiocysnate treated seed shows a
decidodly quicker response in 6 of the 11 lots and somewhat greater
in 2 other lots,




TaBLE 7.—Varietal responses of potato seed pieces treated with chemicals to break the rest period, 1930

Con- Rate of germination in—

- Date Date | cen-
Variety and chemical used treated | planted | tra. % | 21 2 | s |

tion days | days | days | days

Irish. Cobhblar: Percent . N . Pct. | Pct.
Ethgene chlorhydrin

0. B
‘Bodium thiocyanate
Do.

Do..._..
Untreated
Triumgh:
Ethylene chlorhydrin

Do
Untreated... ...
Rural New Yorker No. 2:
Ethgene chlorhydrin

0.
Sodiuin thiocyanate
Do.

wBRTER Lunad

Do
Uuntreated
Early Onio: .
. Ethylene chlorhydrin
Sodl]gm thiocyanate
0. .

Do
Untreated......
Beauty of Hebron:
Ethylene chlorhydrin
SodiBm thincyanate
0.

Do
Untreated
Green Mountain:
Ethylene chlorhydrin
SodiBm thiocyanite.
0.

OLVIOd HHIL 40 dOIddd ISHY THL DNINHIIOHS

Do
Untreated
! Dipped and then confined in a tight container for time indicated.

|




TaBLE 7.—Varietal responses of potato seed pieces treaied with chemicals to break the rest period, 1930—Continued

21

Rate of germination in—

Date Date :
treated | planted 35 | a6 | 37 | 38 | 30

days | days | days | days| dayc

Variety and chemical used

Irish Cobbler: Percent . . . . . | Pet. . | Pet. . . . Percent
Eth\'lene chlorhydrm 6

Sodi]gm thiocyunate

Do.
Untreated
umgh:
Et }lene chlorhydrin.....coaneu PR

Sodlsm thiocyaunte.._.....,_

Do
Untreated
Rural New Yorker No, 2
Eth%)lene chlorhvdrin-

Untreated. .
Early Ohio:

Ethylene chlorhydrin...

Sodiix)m thiocyanate. .

Do
Untreated. ...
Beauty of Hchron:
Ethylene chlorhydrin...
Sodlﬁm thiocyanate....

Do..

Untreafed..
Green Mountain:
Ethylene chlorhydrin...
Sotli]um thiocyanate
0.

Do..

Untreated

1 Dipped and then confined in a tlght containeér for time indicated.
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Variety and chemical used

Date
treated

Date
planted

Con-
cen-
tra-
tion

Time
of

treat- |

ment

Rate of germination in—

15
days

16
days

17
days

18
days

21
days

c 2

days

24
days

Burbank (Low-top):
Ethyletie chlorhydrin

Bodium thioeynnate.. ... P
Do......

Do...

Untreated.... ..
American Qinnt;
Ethylene chlorhydrin
Sodlll;m thiocyannte
0 .

PO T

+».U0.

Oct. 31
RO [+ Jo

R [ S

1
L5
1

| Percent| Hours
4 124

1
1
1,

5

Pct.
13
7

Pet.

Pet.

Pct,

3

10

Nov. §
<aellO.

PO )

<00
PPRE [ Sy

Ethylene chlorhydrin.. .. .........

8odium thiocyanate.. ...

o BRI

Nov. 4
wealOaee.

do.

do

Dakota Red:
Ethylene chlorhydrin
Sodlum thiocyanate.

Untreated....

Nov. ¢
VRN T4 VPRI

PR [ T
sados e

el O

RN T, TN

SRS [ O,
o,

Queen-of-the-Valley:
Ethylene chlorhydrin
odi]gm thiocyanste,
0.

Do
Untreated

1 Dipped anc then confined in a tight container for time indicated.
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TABLE 7.— Varielal responses of polato seed pieces ireated with chemicals lo break the rest period, 1950—Continued

91

Rate of germination in—

Date Date Time of

treat-
treated | planted ment 34 | 35| 36 | 37 | 38 | 30

days | days | days | days | days

Variety and chémical used

Burbank (Low-top): Percent | I 8 ¥ .| Pet. | Peti | Pd. Pct.
Ethylene chlorhydrin... Oct. 30 4 124 53
Sodiuin thxouanule O T S
Do.
Do.
Untreated
American Giant:
Ethylene chlorhydrin
Sodi]gm thlo(.ynnnle_.._

Ethyleue chlorhydrin
Sodium thiocyanate. .
Do.
Do.
‘Untreated. . .
Dakota Red:
Ethylene chlorhydrm--i ..............
Sodium thiocyunate

Queen-of-the-Valley:
Ethylene chlorh:ydrm
8odium thiocyanate

Do.... PO« [ JO

Do... do
Untreated

1'Dipped and then confined in a tight container for time indicated.
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The data presented in table 8 are 1 condensation of the final germi-
nation percentages recorded during the period of observation. These
fi represent the end result, as it were, but do not indicate the rate
of germination acceleration of the treated seed as compared with the
checks or with different chemical solution concentrations and time
intervals of treatment. The data do, however, serve to furnish the
reader with a condensed summary of the results obtained. As has
been previously mentioned, the 6-percent ethylene-chlorhydrin treat-
ments show the greatest acceleration. Of the three varieties receiving
such treatment the Triumph and Irish Cobbler show the most marked
response. The former variety showed 90-percent germination in 19
days before the check sets showed any germination while the Irish
Cobbler gave a 97-percent germination in 20 days, but at that time
the check had shown a 13-percent germination. Apparently the tuber
rest geriod of the Irish Cobbler is shorter or is more easily affected
by chemical treatment than that of the Triumph. This is all the
more evident in that the untreated Triumph sets did not show 13-
percent germination until 30 days from date of starting the experi-
ment. A similar comparison of the relative depth of rest period of
the Rural New Yorker No. 2 variety shows that only 3-percent ger-
mination of the untreated sets occwrred during the 36-day observa-
tion period. Another striking example of this sort is noted in the
Early Ohio, Irish Cobbler, and Prolific in which the untreated sets of
the first had only shown a 3-percent germination in 35 days, 7 percent
in 42 days, and 13 percent in 44 days, whereas the Irish Cobbler check
lot. showed 70-percent germination in 34 days and the Prolific 60 per-
cent in 38 days. These examples serve to indicate a distinct vari-
ability either in the length or depth of the rest period of different
varieties of potatoes.

TasLe 8.—Percentage of germinalion of polato sels and number of days required
after chemical lreatment lo reach 80 percent or over’ and resultani germination of
untreated sels during the 1950-31 seqson

Germination when treated with—

Ethylens chlorhydrin Sodium thivcynnate
Yorlety

6 per- Prer- 114 per- L per-
cent for ] cenl for | Check| cent flor
4 hours 1 hour 144 hours

Dy [Pl
Americon Ginnt..
Beauty of Hebren
Burbank (Low-top)
Early Ohio

Irish Cobbler__

Queen-of-the-Valley_ .| . | . |-ccceae
Rurol New Yorker
N 30

1

gy pepupegne?
28 NUEERsPLRES
BuSBaaig

Lt Oy

T
1450

100

| Wherever less thao %0 percent is recorded, the fzure represents the marimnm germination within the
total period of observation.

In o later tria! made for the purpose of determining the best period
of treatment with sodium thiocyanate three varieties were used, Green
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Mountain, Irish Cobbler, and Triumph. The length of immersion
was 1, 1%, and 2 hours in a I-percent solution. Seed treated in this
manner was compared with seed dipped in a 8-percent ethylene-
chlorhydrin solution and confined in a tight conteiner for 24 hours,
and also with untreated seed.

The results, which are presented in table 9, corroborate the general
behavior of previous treatments. Comparing the average germination
of the three varisties, the ethylene chlorhydrin shows a 99-percent
germination in 28.7 days, as against 98-, 99-, and 96.7-percent germi-
nation in 30, 30, and 32.7 days {from the 1-, 1%- and 2-hour treatments,
and 62.3 percent in 32.7 days from the untreated seed.

Of the five varieties showing a final advantage from the sodium-
thiocyanate treatments, the Burbank and Dakota Red are the most
outstanding,

TasLe 9.—Varietal responses of potalo seed pieces treated with chemiceals to break
the rest pertod

|8ets treated Dec. 2 and planted Dee. 3, 103071

Pitae of Raute of germination in—
Varlety and chemienl used | $O0%60- | “ypoqy Decayed
tration meat geed
26 days | 20 days | 30 days | 34 daya
irish Cobbler: Percent | IHaurs | Percent | Pereent | Percent | Percemt | Percent
Ethylene chiorhydrio 8 24 17 50 00
Sodium thipcyenate. i L b} LiB
1 La) 7 B3
1 2 H 83
7 13
TrlumEh:
Ethylene echlorhydrin ... 1] 24 73 irg
Sodium thiocyanate 1 1 all 15}
1 1,5 10 80
1 - P 40
Check. . eeeaeas - 3
Groon Mountain: .
Ethylene ehlorhydrin ... .. 1] 24 3 L]
Sodium thioz 1 H 7 00
0. . 1 L5 E] v
Do._. . 1 - I 57
Check_. .- - 10 23 50 |

1 The average porcentage of germination under the varlous treatments was os follows: Ethylens chlorhy-
drin, 09 percent in 28.7 days; sodiem thipeyanate, 58 percent in 30 <lays when seod pieces were treated
1 lionr; 89 pereent in 30 doys when seed pieces wero treated 1.5 hours; and 8.7 percent in 32.7 doys when
gged teces were treated 2 hours. The untrested, or chock, plob averaged 02.3 percenl permination lo

.7 days.

SUMMER AND FALL OF 1531

In order to secure additional information on the eflicacy of ethyl-
ene-chlorhydrin gas in breaking the rest period of mature potatoes,
7 varieties grown at the Arlington Experiment Farm, which were
harvested August 5 and held in a storage temperature of about
45° F., were gassed August 26 and 27. The concentration of the
gas was at the rate of 1 cc per liter of air space, and the period of
treatment was 24 hours. The lots treated consisted of whole and
cut sets, One lot of whole tubers of each variety was dipped in
water prior to treatment, while a second lot was treated dry. On
removal from the airtight chamber they were held in » 60° F. storage
room for 15 days, after which they were transferred to a storuﬁe
room held at 70° F. until germination notes were completed. The
data obtained are presented in table 10.
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‘Wet-treated tubers of the Charles Downing variety germinated
more promptly than any other lot, Four of the seven varieties
showed quicker germination from the wet tubers than from dry-
treated tubers, while in the case of the Burbank, Rural New Yorker
No. 2, and Triumph the reverse was true. Some lots of cuf seed
showed decay as & result of injury from the treatment? )

Owing to searcity of seed, it was possible to run checks only with
the first three varieties,

TaBLe L0.—Fthylenc chlorhydrin gas irealment of seven varieties of potatoes with
1 ¢c per liter of air space for 24 hours

(Paotatoes harvested Aug. 5 and treated Aug. 20-27, 1930]

| Rate of germination in—
Varicty nod number | W hole or -
of tubers et (Doyorwet| gl nl B | RIR|E|2]{B] RS ey
t gdlzie i, si2lzslaiaiz|=
i ER AR R R R R A R
I ! slalg i g|s|gj2|gi8|2i&
‘ Pot.: Pel. | Pet L Ped 1 Pel.
................ ' Whela.... 40601 60 ) T2 72
5 4 81900 |.xoeiooo oo
334138852
9, 0| O 44
e} o] o} ¢ 121I
68192969690
gifozjerlon|oe
£ &
1
g
5 - S Cutlo L Pry... i)
3. . S Whelet | ._do . 4
.J...do-, 85
Y 9%
56
63

¥
]
T
|

=

Bes

1 No. 2 tubers cut fn two.
I Xo. 1 tubers whole, untreated cheek.
3 No. 2 tubers whole, untrented cheek.

On September 21 four lots ecach of Irish Cobbler and Triumphk
potatoes were trested with ethylene chlorhydrin at the rate of one
half e of the Hquid to each liter of air space, or at, the rate of slightly
over 14 ¢c per cubic foot of air space. All Iots consisted of whole
tubers whicE had been harvested September 12. Two lots of each
variety were gassed for 24 hours and the other 2 for 48 hours.
In each pair of treatments one lot was thoroughly moistened before
sacking. All were treated in burlap bags, in order to be comparable
with car-lot trentment of sacked potatoes. The receptacle used was
o galvanized-iron ash can, the cover of which was hermetically sealed
with glaziers’ putty. On removal of the tubers they were held at a
room temperature of 70° F. for germination.

1 The Injury, when not severe enough {o cause decay of the seed pleco, was in the natare of retarded
germinaiion and 8 yellowing or broozing of the folisge and termioni portion of the stem,
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A study of the date preseated in table 11 shows decided shortening
of the Test period as compared with the check or untreated lot.

FIoURE 1.—TIrish Cobbler polaloes: 4, Trented Septermber 21, 1031, In a 0.5ceper-liter coneentrelion of
ethylens chlarhydrin gas for 24 houra: B, thber untrested. Thotopraphed 13 days after trealent.

Slightly quicker germination was obtained from Triumph than from
Irish Cobbler. The 24-hour exposure of the moistened lot of Tri-
umphs and the 48-hour exposure of the dry lot showed 64 and 52

£ .

FIGURE 2—Triumph potatoes receiving Uie same Lreatment as the Irish Caobblers H Ngare 1. Photo-
graphed 13 days uller freatinent.

percent of germinating tubers 14 doys after treatment. The dry lot

ave 100-percent germination in 21 days, against 25 days in the
wet-lot treatment. No germination was noted in either check lot 29
days from treatment, while 3 days later each lot had 1 germinated
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tuber. On the fifty-third day from treatment the check lot of Irish
Cobbler tubers had given 100-percent germination, but the Triumph
showed only 20 percent. Figures 1 and 2 show the stage of germina-
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605 SFTER TREATING

FiGure 3.—Rnte of germination of treated and nntreated Irish Cohbler tuhars harvested September 12
and treated Soplember 21-22, 1931, with ethylene chlorhydrin, Tibers plseed in 70° F, room imme
diately after trentment.

tion of the treated tubers 13 days after treatment. Figures 3 and 4

show, by graphs, the rate of germination of the Irish Cobbler and
Triumph treated September 21.

TasLe 11.—Ethylene chlorhydrin gas treatment with one half cc per liter of air
space, ustng in each lest 25 (ubers of the Irish Cobbler and Triumph varielies

{Potatoes harvested Sept. 12 and treated Sept. 21, 9]

Ratc of germinnilon in—

trestmont

Variety nnd condition of whola
tuber

Duration  of
20days

Irisk Cobbler:
D

e
2
HBRBE |25 daye

8 & | semay

sl B3
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o

"Idlilﬂﬂ'IBHED?I222.'!!4252627&293’332”3‘3!!3?
oD AFTER TREATING

FiounrE 4.—Rate of permination of trented and nnlreated Triumph tubers harvested Sepleniber 12 shil

trealod September #1-22, 1931, with ethylene chiorhydrin, Tubers piaced in FU* F. room immedintely
plter trentment.
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Ficunre 5—Rnte of germination of Irish Cobhlar tubers harvested Septetber 12 anl treated Soplesmber
28-20, 1931, with othylenn chlothydeln. Tubers placed lu 7¢° F. room immeslintoly aller treatment.
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The treatments of September 21 were repeated on the same varicties
1 week later. The results obtained, as presented in table 12, show
that in 3 of the 4 Irish Cobbler comparative treatments the time
interval between treatment and a 9C-percent germination was shorter
than in the September 21 ireatment. A similar comparison of the
Trivmph data shows a 50-50 result. If, however, the average time
interval between treatment and the 90-percent objective is compared,

-
- r/—_— /’/’.
A1
/1
A 7
o v
E, [ A
E," .‘J / —_
20 L/
3o ;’f v/
i /
3‘ Ij /
\ 1}/
- J‘/
b ;}‘ TNV G Ve GRS 0. O8 FER TR AR TRE 4 HOURS
—r—u—= ETHYLEMC CHLORHYDIIN GAY 050 CC PEA LITEA AIR SPacE 4 poas ]
——te LUNTREATED
I A I i

|||auuulon|n19-a;zl222.1'12::5212!2030:!:'3:3&
BAYS AFTER TREATING i

Fiaure 0. —Rate of germlnation of treated and untreated Triumph tubers harvesled September 12 and
tr{uauid Sfpl.en;bcr 28-20, 1031, wlth ethylene ehlorhydrin. ‘Tubers placed in 70° F. reom |mmediately
after irealment,

it is found that the resultant averages are remarkably close. For
example, the average time interval of both the Irish Cobbler and
Triumph in the treatment given September 21 was 25.9 days, with
an average germination of 94.5 percent, as compared with 24.6 days
and 95-percent germination from the treatment given September 28,
During the same period the average germination of the untreated
sets was 3.5 and 3.0 percent, respectively. In other words, the data
mdicate, as might be expected, the natural passage of the rest period.
Figures 5 and 6 show, by graphs, the rate of germination of the Irish
Cogbbler and Triumph treated September 28,
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TaBLE 12.—Ethylene chlorhydrin gas lreatment with one half cc per liler of air
space, using in cach fest 26 jubers of the Irish Cobbler and Triumph varieties

[Potatees harvested Sept, 12 and treated Sepd. 28, 1931}

Rate of germination in—

Varloty and condition of whole
tubers

{rentment

Dutation  of
14 dnys

. au.:-aam;g

2

A third treatment was made 1 week later, October 5, in which two
concentrations of ethylene chiorhydrin, 0.5 and 1 cc per liter of air
space, were used with & uniform exposure of 24 hours for all lots. In
comparison with the lots treated September 28 the results, as pre-
sented in table 13, indicate a slower rate of germination in all but
two treated lots and & somewhat quicker germination of the untreated
lots. The lot showing quickest response was from the 1-cc-moistened
tubers of the Irish Cobbler variety.

TasLE 13, —Ethylene chlorhydrin gas {reaiment with 0.5 and I cc per liter of air
space for 24 hours, using in each test 20 iubers of the Ivish Cobbler and Triumph
varietics

[Potetoes harvested Sept. 12 end treated Oct. §, 1931)

Rate of germination In—

Varisty and condition of
whole tubers

Streneth of
Leentinenl

1 ilnys

gggE 25 dnys
1 888§ 28 days
Se3d | s20eys

0

The fourth set of treatments of the Irish Cobbler and the Triumph
also included the Katahdin variety. The treatments differed from
those made the week previous in that sacks and baskets were sub-
stituted for the wet and dry comparisons.

An examinstion of the data presented in table 14 would seem to
indicate o slight advantage in favor of the basket container in the
Triumph and Katahdin, while the response from the Irish Cobbler
sacked tubers was slightly though not markedly quicker than those in
baskets. It is not felt, however, that the difference was sufficiently
marked to be convincing.
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TasrLe 14.—Ethylene chlorhydrin gas treatment with 0.5 cc per liter of air space for
24 hours, using én each test 20 tubers of the Irish Cobbler, Triumph, and Kalahdin
varielies of potatoes

[The Brst two varieties were harvested Sept. 12 and the last Oct. 1; treated Uet. 12-13, 1831)

Bale of germination in—

Variety and container of wet
. whole tubers 2 | 2 | or a3
days | days | days | days | days

Irish Cobbler: . . . | Pt
Back . 10

The most outstanding feature of this test is to be noted in the
response of the Katahdin tubers to the treatment. Taking into con-
sideration the fact that they were not harvested until October 1 and

Fiourg 7,—HKotahdin potatosa: A, Treated Oct. §2, 1931, in a 8.5-ce-per-liter coneentration of athylene.
chiorhydrin gas for 24 hotrs: B, tuber untreated. Photogrsphed 13 days after treatment.

were treated 11 days afterward it is rather remarkable that the basket-
treated lot showed a 35-percernt germination in 11 days from time of
removal from chamber Octoher 12, 85 percent in 17 days, and 100
percent in 24 days, at which time the untreated or check lot did not
show germination. From the standpoint of a short rest period it is
equally significant that the untreated Katahdin tubers, although
hervested 19 days later than the Irish Cobbler and the Triumph,
aevertheless showed & prompter germination {fig. 7).

A fifth treatment of Irish Cobbler and Katahdin potatoes with
ethylene-chlorhydrin gas was made October 19 to 21, using concentra-
tions of 0.5 and 1 cc per liter of air space. The 0.5-cc treatment was
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continued for 48 hours and the 1-ce trentment for 24 hours. All lots
were in burlap sacks. The treated Katahdin tubers gave 100 percent

ermination with both trestments in 21 days, while the treated Irish
%obbler tubers germinated 100 percent in 25 and 28 days, respectively.

wo 5 //
| /

= = ETHYLEKE CHLOAHYDAIN 0.80 C& PER LITEA DAY 24 KRS
ETHYLENE CHLORHYCRIN D.25 ¢ PER LITER. DRY 48 HOURS
"""" = ETHYLEWE CHLORHYORIN 025 € FEA LITER, WET 48 HOURS
e NTHEATED

WP @ & P34 25 28 2T B 20 30 a0 22 23 3a 4 30 a7
Dl AFTER TREATING

FIGURE 8.—Rats af germinatlon of treatud and untreated Katahdin tubers harvested Octaber 1 and lreated
Oeu;her 26-27, 194, with eibiylens ehlorhydrin, Tubers placed in a 70° F. room imimedintely alter
treatment.

Both lots of untreated tubers gave complete germination in 39 days,
Detailed data are presented in table 15.

Tanre 15.—Ethylene chiorhydrin gas tregtment with 0.5 and 1 cc per liler of air
space for 24 hours, using in each test 20 tubers of the Irish Cobbler and Kalahdin
varieties

[Patatoes harvested Sept. 12 and Oct. 1, respectively; treated Qct. 15-21, 1831]

Trestment Rate of germination Jn—

Variety and condition of

whoie thbers Peri- 18 21 -]
Strength| * o deys daya | days

Irish Cobbiler: Flatirs , . | Pet, . . | Pt
Dry, in sacks 48 50 100
D . 24 85

18 80
24 20

Katehdin:
Dry. in

A sixth treatment of Irish Cobbler and Katahdin tubers was made
on October 26, 1931, in which the ethylene-chlorhydrin concentrations
were ab the rate of 0.25 and 0.5 cc per liter of air space. Dry and wet
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tubers of each variety were subjected to a 48-hour exposure to the
0.25-c¢ concentration, while similar lots were given a 24-hour treat-
ment in the 0.5-ce-perliter concentration. In the case of both the
Irish Cobbler and Xatahdin there was no material difference in the
rate of germination of the dry and wet tubers in the weaker concentra-
tion. slight retardation was noted in the case of the 0.5-percent
treatment. The relatively prompt germination of the untreated
tubers in both varieties affords conclusive evidence of the passage of
the rest pertod. As usual the Katahdin showed & prompter germina-
tion than the Irisk Cobbler (table 16 and fig. 8).

TasLe 16.—Ethylene chiorhydrin gos treatment with 0.25 and 0.6 cc per liler of
air space for 24 hours, using in cach test 20 ubers of the Irizsh Cobbler and Katahdin
varieiies

{Potatoes harvested Sept. 12 and Ocl. 1, and treated Oct. 28, 1031]

Treatinent Rata of germination in—
Varlety end co:ﬁd[tion of whola
Lubers
: 14 18 21 i3 24 a2
Strengthf Period | v | doys | days days | days | days

Irish Cobbler: Cle Ilnurs | Percent | Percent (Percent | Percent |Percent | Percend
Dry. 0.25 48 15 75 o] 100 | femecea
.25 25 3] 40 95 L0 I SR,

5 20 32 a5 o] 00 ...,

................. b 50 65 100

an Bh 95 5 00 |l

35 00 100 .

20 60 a5 LU RO I,

5 40 5 &0 160

A summary of the date for the Irish Cobbler variety, presented
in tables 11 to 16, inclusive, shows that the interval between treat-
ment and a 90-percen. or even higher germination was 21 days,
with an sctual average germination of 92.3 percent, as compared
with 0.83 percent from the untreated seed.

A similar comparison of the data for the Triumph veriety, given
in tebles 11 to 14, shows a 21%-dey time interval between treatment
end an average germination of 94.5 percent, as against no germina-
fion from the untreated seed.

The three Katahdin treatments of October 12-13, 19-21, and
26 indicate o 20-day time interval between treatment end a 93.3-
percent germination, while the untreated Iots gave only 1.67 percent
tuber germination,

It should be stated that these dain are not based on the average
of each period of treatment but on the aversge of the shortest time
intervals in each of the several treatments.

A final treatment of Katahdin potatoes was given November
2 to 4, in which a somewhat extensive comparison was made of
the relative efficecy of 0.25- and 0.5-cc concentrations of ethylene
chlorhydrin gas trestments for 24 and 48 hours. Both baskets
and burlap sacks were used. The prompéest germination was ob-
tained from the 0.5-cc treatment, in which tubers in baskets gave
100 percent germination in 18 days. Four lots, two of each con-
centration, including one of the 24-hour treatment, gave perfect
germination in 21 days, while the remaining three lots of treated
seed gave complete germination in 25 days. Of greatest interest
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iz the fact that the untreated lot showed 85 percent germination
in the 25-day period (table 17 and fig. 9).

This would seem %o indicate that the Katahdin potato has a
cc»mpst,rff.t,ivelik short rest period, as only 33 days elapsed between
the date of harvesting the seed and its treatment. If to this is
added the 25-day interval between treatment and an 85-percent
germination of the sets, there is & total of 58 days. It should be

==

o

o
i

:

GERMIMAYIN (PERCENT]

————— FTHYLENE CHLORHYDRIN GAS 030 G4 PLR UTEA AIR SPACE 24 HOUAY
ETHYLENE CHLOAKYORIM GAS 050 GC PER LITER AR SARCE 48 pOUNS
! ------mnﬂ:car_., CALY OAS 0 25 CC PER LITER AR 5RACE aen-m;ﬁs
1 L I [l I Il 1 r
T2 I3 W 5 8 7 8 % 2 2 22 23 24 23 W T 8 W X N K M
s AFTER TREATING

TN
FiGunE 0.—Rate of germination of treated snd untreated Katahdla tubers hnrvested October { and treated

Novamber 2-3, 1431, with ethyiens ghlorhydrin. Tubers placed iz & ¥0° F. reoom immedisiely wfler
treatment.

stated that the plants when harvested might be regarded as having
just resched maturity, so no allowance need be made for their
having passed into the rest period before hervesting.

TasLE 17.—Ethylene-chlorhydrin gos treatment with 6.26- and 0.5-cc per liter of
air space for 24 hours, using in each lest 20 lubers of the Kotaldin variely

[Potsatoes harvested Cet. 1 and trented Nov, 2, 1931)

Treatment Rale of germination in—

Variety ond container of dry whole tubers

14 18 21 25
Strength{ Perlod doys | days | deys | doys

| Percent| Percent] Perceatj Fercent
25 05 W 100

. ef

Pl

1 60

&5 o
45 55
i)
40
K
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The question might well be raised in connection with this par-
ticular instance as to the value of such late treatments when only
a short time interval is gained. This question would also apply
in the case of several other varieties herein reported. The wrtters
offer the following reasons: (1) It seemed desirable to study the
reaction of the several varieties recorded, in order to ascertain the
relative response to certain chemical treatmeats designed to shorten
the rest period. (2} The length of the rest period was deemed
worthy of further study; hence, in some instances, as in the case
of the Katehdin, it was possible to demonstrate its comparatively
short rest period. The writers do not advocate subjecting seed
potatoes to chemical treatment for shortening the rest period except
when necessary to plant them within a relatively short interval
after harvesting. In such cases it is believed that sufficient evidence
is now aveailable to assure its successful use commercially,

SUMMARY AND CONCLESIONS

The presentation of a paper by Johannsen in 1893 furnished the
first evidence of the stimulative effect of snaesthetics on resting
plants, It was found that when plants were subjected to ether or
chloroform fumes in & tight container for 48 hours or more & marked
growth stimulus was produced as an afterresult.

Johannsen’s discovery found its greatest immediate application in
shortening the rest period of hard-wooded flowering plants.

In recent years other chemical substances have been substituted
for ether and chloroform which are equally if not more effective and
are more convenient to apply.

Of spproximately 224 substances tested for their action in shorten-
ing the rest period of potatoes, Denny found that ethylene chlorhydrin
and the thiocyenates of sodium and potassium were, on the whole, the
most effective.

Chemical treatments of IPo!&ato sets to shorten the rest period were
undertaken during the fali and winter of 192829, with the idea of
studying its commercial possibilities.

Of the 27 varieties treated, the Prolific showed the quickest response,
being closely followed by four others.

The most pronounced results were obtained from sets treated with
a 6-percent seclution of ethylene chlerhydrin and in 1- and 2-percent
solutions of sodium thiocyanate and siterward held in tight containers
from 6 to 48 hours.

Plants produced from sets dipped in a 3-percent sodium-thiocyanate
solution and held in closed containers for periods of 6, 12, 18, and
24 hours showed considerable foliage injury. This treatment also
delayed germination.

A marked difference was noted in the response from sets of Dakotu
Red treated on November 12, 1928, as compered with that from sets
treated December 20, 1928, In the first instance there was no response
in 28 days, while in the later treatment 100-percent germination was
obtained in 27 days, the difference in response being due to & lessened
depth of the rest period.

In the 1929-30 experiment special consideration was given to &
study of the relative merits of the ethylene-chlorhydrin and sodium-
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thiocyanate treatments. The experiments were conducted with 23
varietics, and, as in the previous seasons, a considerable variation in
response was noted. Prolific showed the quickest response from the
ethylene-chlorhydrin treatment. Early Rose, Noroton Beauty,
I’ro_ligc, Burbank, and Kecper appeared to have the shortest rest
eriod.
P The most successful results based on relative germination of treated
and untreated sets were obtained {from White Ohio, Benuty of Hebron,
b(%ueen-oi-the—Vn]ley, Early Manistee, and the White-Eyed Peach-
ow.

The 1931 treatments of whole tubers with ethylene-chlorhydrin
gus for 24 and 48 hours rather conclusively demonstrated the eflicacy
of this gas in shortening the rest period,

Sufficient evidenee was obtained to justify the statement that
certuin varieties are more easily stimulated into growth than others,
Prolific and Katahdin are spparently sensitive to chemical treat-
ments and also seem to have o short rest peried.

The behavior of the untreated potntoes in the summer and fall
experiments of 1931 affords a fairly accurate index of the normal rest
period of the potato when held nt temperatures favorable to germina-
tion. It also effords a ready means of studying this factor in seedling
progenies.

On the whole, the results obtained during studies covering four
seasons indicated a prompter germination response from the ethylene-
chiorhydrin treatments than from sodium thiocyanate, but as a rule
the lafter soon canght up and frequently surpassed the former. This
is rather clearly indicated in figures 2 to 9.
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TanLe 4.—Varietal responases of potato seed picces Irented with chemicals to shorten the redt period in 1930

Rate of germinstion fn—

50 dluys I

46 dnys
4% duys

1 3% duys
3 duys

Time of treat-
ment

=
=
it
4
5
LT | pecuyed seed

a’ Concentratlon

-

K g e

LIS PPN Y Yy

“"3-:-'-

T
AT




hmlfum lh!u{‘j ...
Pn

v -
Burbank {Low-lop gl

Ethylens chiorhydrin. .

Sudiﬁm thingynonle, ..}

Northern Spy:
Ethylenie chlnrhydrin. .
Sodium thincyannle..

Untremed....o..ooo.ooe
Early SL. Urarge:

Etlixlene eliinthydrin

Sodium thiceyanate..

nirenicel ... PO
Early Manistee:

Sthyiene clhilerhydrin..

Sadiunm thiscyannle....

While Kose:
Ethylene chlorhiydrio.,

Sa{lli.;m thineyannte .. |...do.....}.

Do .

Do..
Do, ..

11,
Lntrented. ... .
Prolihic:
Ethylene ehlorhydrin. |
;‘Smli]:;m thincynntie. . ..
"

L ntreutml,

Norotn Itl-:mly-
Ethylene ehlorhydrin,
Smline thineysmte. , .

1ntrenfe ... S R

Wi Byed el it

Ethylene ehlochyilrin. | Koe. 11

Soelinm thimeyunnte..,

3 ullltnrllyllrln.,
Selintn Vhinegnnaie. .

atroaten
Early loser t

Ethylene ¢hluehydrin, | Nov.
. tln.-.. .
sl

RUHITIT Llliult-gnlmle .
e . ‘
[y . . l
3y,

1 A
[,
Untrenimt,

ldellll
PPN« (; T
LT, T,

Untrented. ‘::.......-.- S

i Nov, 11

. dn,,
‘F

e
do.... ‘
[
{1

"
T T
U, . T,
S |
cedo.. o

thy.

{1 QA

Nov, 12

1ia,
. tin
o
e
. oo,
Ltloo.

I, T

.o
dao .
' (T
- tln

Y &

R T S SO

;T

weatloa. L

N { [ T
;T

L) PR

caatln_

) T
i

1T S,

sl

Nov. 11

1 -

o,

11T]
tln
ilo

E2l

EL)

PR ta e

‘5;

"

M=l
e

Eligh waayweratire thronghmr period of treatinent.

1 Seomd ot al Farly Rose.
WIONE® -1, (Fuee g

[RED




12
o ot e B2

P

T e ik ) At et
b
tagnén

P et )t e O
(-]
..........-.-.-2

Crimtn

i
1
1
2
1
!
2







