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INTRODUCTION 

Bernard's (2) 1 discovery ill 1878 that plants, like animals, were 
rendered insensible when subjected to ether fumes, while serving to 
establish a close physiological relationship between members of the 
animal and vegetable kingdom, did not indicate the after-effect upon 
plants that were in a state of rest at the time of the anaesthetization. 
It was not until 12 years later (1890) that Johannsen (6), of the 
Royal Danish School of Copenhagen, Denmark, conceived the idea 

I that et~er or chloroform mIght be suc?essf~ll7 used to shorten the 
rest penod of plants. The presentatlOn m 1893 of a paper by 
Johannsen (7) before the Royal Academy of Science of Copenhagen, 

'I 	 ~iving the results of experimental studies on the effect of anaesthetiz­
mg willows and bulbous plants, at once aroused keen interest in the 
subject. This st£.nulation 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 chemicals other than those 
producing anaesthesia 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 we,rm water 
shortens the rest period. 

I Italic numbers In parentheses refer to Literature Cited, p. 30. 
3J086°-3~1 
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REST OR DORMANT PERIOD 

In much of the literature dealing with methods for hastening t.be 
germination of potato tubers the terms" rest ,Period" &lild "dormancy 
period" are used synonymously. Because ill a certain sense these 
two terms are not identical in meaning it seems desirable to attempt 
the formula,tion of a clearer definition of their meaning. The rest 
period as applied to outdc:>r plants, in northern 1atitudes especially, . 
is that interval between the cessation of active growth and the time 
when it is again resumed, assuming, of course, that temperature is 
not the inhibiting factor. Dormancy, on the other hand, is an all·, 
inclusive term, embracing not only the normru rest pedod of the plan 
but also that interval of time beyond the true rest period, in which" 
growth is inactive as a result of low temperature. 

Most deciduous j),nd 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 l)eriods 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 as heat, 
moisture, and light. In the case of the potato the deep-rest period 
begins about the time of tuber maturity and continues from 70 to 90 
days. Appleman (1) in his study of the rest period of potato tubers 
found that under natural planting conditions the McCormick potato 
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 held. This dormancy or inactivity is entirely apart from 
the rest period and should not be confused with it. Hence, the true 
effectiveness 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 peri.od. 

PREVIOUS EXPERIMENTAL STUDIES 

The earliest e}.:perimcntal effort to abridge the normal rest period. " 
of the potato in the united States that has come to the writers' 
attention was reported by McCaHum (9) in 1909. This report was 
based on studies conducted during the crop seasons of 1907 and 1008. 
According to that author these studies were the outcome of an inquiry 
relating to tuberization in potatoes, which indicate~ the necessity of 
a more adequate knowledge of the many factors mvolved in tuber 
formation. One of these factors was the shortening of time for the 
crop 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 mont effective of those employed by 
McCallum (9) were ethyl bromide, carbon tetrachloride, ammonia, 
gasoline, ethylene chloride, bromine, ete. The best success followed 
treatment with ethyl bromide. Manganese chlcride and ethyl ether 
were found to induce a mar.ked acceleration in tuber fOIDlation. 

Appleman (1) found that the rest period could be shortened and 
sprouting induced by the removal of the skin, especially around the 
eyes. 
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On the assumption that OA-ygen might be a limiting factor, tubers 
were wrapped in cotton previously saturated with hydrogen peroxide 
and then stored in moist chambers, which in turn were buried in moist 
sawdust under a greenhouse bench. 

Tubers 'Happed in cotton saturated with a 3-percent solution of 
hydrogen peroxide showed 100-percent germinatIon in 28 days, as 
-.Jompared with 43 days in the case of those wrapped in cotton soaked 
in al~percent solution. 

'I'he 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 obtained from ethyl 
bromide. The periods of treatment rested were 2, 4, 5, 10, and 20 
minutes, while whole tubers were treat.ed for 15 and 30 minut.es. The 
quickest response was obtained from the 5-minute treatment. 

In some eAlleriments conducted by Rosa (11) in 1923 it was found 
that the rest period of cut seed potatoes could be materially abridged 
by soaking the seed in solutions of NaNOa• Ca(NOa)2, Mg(N03)2, 
:MD.(N03)2, Klvln04, (NH4)2S04' The conclusions drawn were that 
the sprouting of dormant tubers can be hastened Mld the percentage 
of gemlination within a limited period after treatment can be incrensed 
by dipping the cut seed pieces in a 0.5 molecular solution of sodium 
rutrate (NaN03). Other oxidizing subst.ances to which the cell is 
penneable 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 1923-2~: and the fall of 1924. These studies involved a 
determination of the relation of temperature to the nitrate of soda 
treatment of cut seed. Lots of tubers were soaked for 1 hour in a 0.5 
molecular nitrate of soda solution at 18°, 24°, 31°, and 40° O. (64°, 
74.8°, 87.5°, and 1040 F., resp.). It was found that the average time 
required for germination decreased slightly as the temperature in­
creased to 36° C.2 (96.8° F.), while severe injury occurred at 40° O. 
(104° F.). In later :field tests it was observed that treatments in a 
given stren..,oth and period were considerably more toxic "to the seed 
piece during hot weather than during cool weather. 

Ethylene ~as was first tested by Rosa (13) in 1923 as an agent for 
short.ening tne rest period of potatoes. Three varieties, American 
Giant (White Rose), Charles Dowrung (Idaho Rural), and Irish 
Cobbler were used in the eXlleriment. Cut seed pieces were exposed 
for 4 weeks to three concentrations of the gas, except iL the case of the 
Irish Cobbler sets which were only exposed to the t,..-o higher strengths. 
The gas concentrations employed were 1: 1,000, 1: 5,000~ and 1: 100,­
000 parts. The chambers were ventilated every day or two during 
the treatment, and the gae ~oncentration restored after each ventila­
tion period. 

I t was found that the American Giant responded most readily to the 
treatment, with the Oharles Downing and Irish Oobbler following in 
the order mentioned. Evidently these varieties have a longer or 
deeper rest period than the American Giant. 

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

I No mention Is made by Rosa. oC having soaked cnt seed In a 36° C. solution. 

http:minut.es
http:treat.ed
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drin (CICH2CH20H) and the tLhlocyanates of sodium and po~assium 
stood out most promi:il.ently in hastening germination. 

The germi:il.ation 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 a 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 a 
gas. Three methods of application were used. The first was by 
placing 0.5 to 1 cc of ethylene chlorhydrin in a shallow pan resting on 
the cut sets, which were held in an airtight container of l-lit.er 
capacity for a period of from 16 to 24 hours. 

The second method consisted in arranging the cut sets in layers 
about 6 inches deep in ti~ht 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 cloth was 100 cc per liter. 

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

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

The rest period of cut sets was mate,riaIly shortened when the tubers 
were soaked in 3- or 2-percent solutions of either sodium or potassium 
thiocyanate. Soaking in a I-percent solution was found to be less 
effective, and distinct injury resulted from the use of a 4-percent 
solution. 

Treatment of cut sets by soaking 1 hour in a I-percent solution of 
thiourea caused the development of multiple sprouts. In a later 
eAlleriment additional evidence was obtained by Denny (4) in regard 
to the peculiar reaction of potato buds to this treatment. Multiple 
sprouts from oile-eyed seed pieces were observed in the Irish Cobbler, 
Triumph, Rural New Yorker No.2, and McCormick 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 was held for 16 to 24 hours in a closed jar 
after dipping in an ethylene-chlorhydrin solution a temperature of 
950 F. caused a 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 treatment 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 obser­
vation confirms that of Rosa (12), to which reference was made e~rliel' 
in this publication. ' 

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

Among the workers who have used other than chemical means for 
breaking the rest period, Miiller-Thurgau (10) may be regarded as one 
of the earliest. He was able to force potatoes into growth by storing 
them for a month aft.er harvesting at a temperature of 32° F. In a 
lawr paper nega,tive results were reported from a I-hour bath in water 
at 35° C. (95° F.). 

http:l-lit.er
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Loomis (8) found that the rest period of potatoes can be broken in 
4 weeks by storage during July in the attic of a low-roofed building. 
Extended studies prove the efficacy 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 freshly 
dug potatoes, germinated mor~ readily and made a stronger growth 
than 1~ and 2-ounce tubers from the same lot. The difference was lost 
as the tubers passed through the rest period. 

DEPARTMENT OF AGRICULTURE STUDIES 

The studies upon which the present report is based were primarily 
undertaken with a 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 193D-3l. 

The chemical treatments and methods of application were. essen­
tially those recommended by F. E. Denny, who collaborated with th2 
Department in the fall of 1927, eonducting 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 ethylene 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 a number of varieties to the cthylene-chlorhy­
drin treatment and a more detailed study with the Irish Cobbler and 
Dakotv, Red (Jersey Red Skin) varieties of the effect of different 
strengths and periods of treatment in which sodium thiocyanate 
(N a SCN) as well as ethylene chlorhydrin was used. The treated 
seed in all of the earlier exper.unents was immediately planted in 
4-inch pots and germinated in a greenhouse temperature of from 55° 
to 75° F. 

In no instance were the tubers treated 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 be~ause the stock used in the experi­
ment was grown in Maine, harvest..r;id j),bout September 25, and held 
until a convenient time to prepa_'e the material for shipment to 
Washington. The shipment was sent about October 10, which meant 
arrival at Washington sometime between October 20 and 25. Other 
duties delayed the treatment until November 12, or approximately 
48 days from the time of harvesting. 

Notwithstanding these delays, some interesting data were obtained, 
as shown in table L Because of the small sample of each variety it 
was not possible to use check lots j hence the chief interest of this 
study is the relative response of the several varieties to the ethylene­
chlorhydrin treatment. 
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TABLE I.-Effect of treating cut seed of different varieties of potatoes by dipping in 
a 4-percent solution of ethylene chlorltydrin and storing in a closed container Jor 
24 hours to hasten germinat'Lon 

[Sets treated Nov. 12. planted Nov. 13, 1928] 

Rate oC germination in-
Variety Sets 

o duys 11 cluys 13 days 18 days 21 days 24 days 28 days 

----------1-----------------
Number Percent Percelll Percent Percent Percent Percent Percent Noroton Beauty _____________________ :lO __________ .'_____ ________ 40.7 gO. 0 100 __ 

Oharles Downing ______ ._____________ 30 •_______ ._______ ________ 76.7 83.3 93.3 ----93.3 
Scotch Rose ..________________________ 30 ________ ________ 10.0 53;3 ________ 113. a 70.0 
Early Manistee______________________ 30 ________________ 50.0 80.7 93.3 93.3 100
White Star .._________________________ 30 ________ ._______ ________ 10.0 10.7 23.3 30.0 

~~~~~~a~i~-ROckrord:::::::::::::::: ~g :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: 3. g
White Rose (White Elephant, etc.) __ 30 ________ .. ______ ._._____ ao.o 36,7 60.7 76.7
Early Rose_____________._____________ 30 ___________..___ 10.7 80.7 93.3 93.3 100 
Beauty oC Hebron______________ ______ 30 ________ ________ 6. i 53.3 70.0 86.7 00.0 
Burbank (Low-top)__________________ 30 ________ ________ 0.7 33.3 4n.7 50.0 50.0 
Pride oC MultnulD'lh_________________ 30 ____ .___ ________ ________ 13.3 13.3 20.0 20.0 
Golcl Ooin.._________________________ 30 ________ ________ ________ 13.3 20.0 23.3 33.3 
Russet Rural (Late Petoskey)_______ 30 ________ .. ______ ________ 3.3 3.3 3.3 6.7 
Peachblow (Red McOlurc) .. ________ 30 ________ ________ ________ 10.0 10.0 10.0 10.0 
Earliest oC AIL______________________ 30 ________ ________ ________ 63.3 70.0 80.0 86.7
Dakota Seedling _____________________ 30 ________ ________ ________ 10.0 13.3 13.3 16.7 
Adlrondack__________________________ 30 ________ ________ ________ 26.7 30.0 30.7 50.0 
Qucen-oC-the-VnJley ____ ._____________ 30 ________ ________ ________ ________ 3.3 0.7 6.7
Dakotn Red .. _______________________ 20 ________ ________ ________ ________ ________ ________ 0 

Early St. George_____________________ 2<J ________ 1___ .____ 17.2 75. U 93.1 00.5 100 
Prolific (Brown Belluty)_____________ 29 0.7 16.7 43.3 93.3 96.7 100.0 _. _____ _
Keeper____ •___ ._._...________________ 29 ______ • 6.7 10.0 .50.0 70.0 86.0 00.0 
Oharles Dowulng ___________________ • 20 __________ •____ • 10.0 30.0 70,0 86.0 95.0 
Seedling No. 9_____ •___ ._____________ 30 ____ .___ ________ ________ 33.3 113.3 76.7 83.3 
MCOulIOCh_____ "...._· .._______ ._.___1 30 -_______ 30.0 60.0 86.7 96.7 ________ 9U.7 
Oow Horn (Jight type).______________ 20 ________ 5.0 30.0 43.3 .,0.0 60.0 80.0 
Prince Alhert _________...____________ 30 __ ._____ 13.3 30.0 76.7 00.0 03.;{ 96.7 

Of the 27 varieties, or 28 lots, treated, Prolific (Brown Beuuty) 
showed the {{uickest response, with nearly 7-percent germination in 
9 days. In 11 days after treatment 5 varieties gave germinution 
counts varying from 5 to 30 percent, while after 13 days nearly hulf 
of the 28 lots showed varying degrees of response. The most inter­
esting feature of these data is the behavior of the Dakota Red, the 
White Ohio, and the Extra Early Rockford, the latter being a strain 
of the Early Ohio. Neither the Extra Early Rockford nor the Dakota 
Red showed evidence of germination after 28 da.ys, and only 1 of the 
30 White Ohio seed pieces sprouted. 

The viLlue of any treatment for shortening the rest period of the 
potato is its effectiveness in securing a satisfactory percenta.ge of 
germination in a minimum time interval, A study of the data in 
table 1 shows that 6 of the 27 varieties-Early Manistee, Early Rose, 
Early St. George, McOulloch, Prolific, and Prince Albert-ga,ve a 
germination of 90 percent or over in 21 days, while the Oharles Down­
ing and Noroton Beauty requited 24 days and Beauty of Hebron and 
Keeper 28 days. In other words, only one third of the varieties 
responded with a gO-percent, or better, germination in 28 days. 

In order to obtain additiov.al light on the efficacy of different 
strengths and periods of treatment with ethylene chlorhydrin and 
sodium thiocyanate, 27 lots of 20 seed pieces each of the Irish Oobbler 
were treated'on November 27, 1928. These treatments varied from 
6 to 48 hours. 

Tht·data in table 2 indicate the most pronounced results from seed 
dipp.. d in a 6-percent solution of ethylene chlorhydrin and held in a 

http:additiov.al
http:percenta.ge
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closed contillner from 36 to 48 hours. Seed dipped in a I-percent 

solution of sodium thiocYl1Ilate 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 

gave nearly as good results as those in the 6-percent ethylene chIor­

hydrin 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. Oonsiderable foliage injury was noted 

in. plants produced from seed dipped in a 3-percent sodium-thiocy­

anate solution aud then held in dosed containers for periods of 6, 12, 

18, and 24 hours. This treatment also delayerl germination. 


T/.BLE 2.-Ge.rmination results obtained with Irish CobbZer seed pieces treated wUh 
chemicals to break the rest 7Jeriod 

[Treated N1lv. 2i, planted Nov. 30, 1928] 

Rate of germination in-Duration 
Trentmen of -----,-----,----,---,.--- ­

treatmllnt 15 days 17 days 19 days 26 days 31 days 

1lour8 Percent Percent Pcrcent Percent Percent 
Seed dipped in a 1-percent solution of ethylene { 24 •••••••• 15 50 85 95 


;r~f:3.:~~:~~~~~~:~~.~~~~~~:~~.f~~.~~~~~~:. ~~ 5 Jg ~ Z3 ro 
Seed dipped in a 6-percent solution of ethylene 1 24 10 80 90 95 95 


ri~18i~r~~:.t~~~.~.~:~~.~.~i~~:.~~:~~~~~.~o~.~. !g ...... ~. gg ~g f~ 
0 ........ 5 15 45 60 


Seedl gassed in a tight jar with 1 cc per quart of ethy. 12 _•••••• _ 15 45 00 95 

lene cWorhydrin fur periods stated................ { .\8 .'_ ..... 15 55 85 95 


2~ :::::::: 4g ~ ~ ~g 
Seed gassed in" tight lor with 2 co per quart of ethyl· I 12 _....... 30 7'j 95 \15 


ene cWorhydrin for periods stated................. { 18 ••.•••• _ 10 45 85 !10 

24 •••••••• 306070 85 


Seed gassed in a tight jar with 5 cc of ethylene chIor· { 6 ........ 45 i5 00 90 

hydrin for periods stated..................._...... . 12 15 55 80 95 100 


Seed dipped in r. I-percent solution of sodium thi· 24 •••••.•• 40 .'30 100 ....... . 

ocyanate, then put in a tight container (or periods 30 ........ 60 bO 00 100 

stated............................................. 48 •••••••• 30 i5 95 100 


6 ........ ........ 25 85 95
Seed dipped In a 2-percent solution of sodinm t.hioey· 12 5 35 00 P' 100
llIiate, then put in a tight container for periods 18 5 55 70 1(J;.
stated............................................. 
 24 5 55 75 95 95 

Seed dipped In a3-percent solution of sodium thiocv. { 6 _....... ........ 25 55 
 190 


anate. then put in a tight tont(\iner (or periods 12 ........ 5 15 85 
 195 

185
stated ............................................ ¥l ........ ........ l~ ~g 
 180 


Check held In tight container•• _............. _...... 48 :::::::: :::::::: 5 351 45 

Check, freshly eut seed ..........................-.. .......... ........ ........ 20 4055 00 

Check dipped in water......................._...... 48 _............... 15 75 


j Considerable injury to plants. 

The firs~experiment, which is recorded in table 1, showed that the 
Dakota Red did not respond to the ethyle:ne-chlorhydrin trea,tment, 
at least not during the 28-day obse:nration period. On this account 
it was thought desirable 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 
Cobbler, 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 th e lot treated 36 days earlier. For 
comparison with tho seed pieces treated in a siwilar manner Decem­
ber 18, the seed pieces treated November 12 were dipped in a 4-p,el'cent 
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ethylene-chlorhydrin solution and subsequently exposed to the gas 
in a tight contamer for 24 hours. It was found that the earlier treat­
ment showed no response in 28 days, whereas in the later treatment 
100-percent germination was secured in 27 days. It 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 hours in a tight container had a 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 "esults obtained with Dakota Red seed pieces treated with 
chemicals to break the rest period 

[Treated Dec. 18, plant.ed Dec. 20, 1928) 

Duration Rate oC germination in- De. 
oC treat· 1---,---,.---;---.,...---1 cayed

Trentment 
ment 15 days 18 days 2U\ays 27 duys 33 days seed 

------------1---------------
Per· Per· Per· Per· Per· Per· 

cent cent Ce71t cent cent
Seed dipped in a 4·percent solution oC ethy. } H01L{r~4 cen~o 60 70 100 .. __ ._-- -- .. -- .... ­

lene c~lorhydrin, then put in a tight Jnr 48 ..•.•••. 2.1 60 95 100 ••••••••
Cor peflods stated •••.•.•••••• ~...•••••••.• 

Check, Creshly cut seed .............................................................. 5 ••••.••• 


Secd di~ped in a 6·percent solution oC ethy· { ~~ 0& 20 
i5 

35 
!lO 

65 
05 

85 .•••.••• 
•••.•.•••.•••.•. 

~~Yocdi~t~r~J~~:~~~~~~.t.i.~~.~i~.~:~~!~~. 
Seed gassed with 1ccoC ethylene chlorhydrin { 

per quart in a tight jar Cor periods stated.. 
Seed gassed wilh 2 cc oC ethylene chiorhy· { 

~~feS~:.~~.~r.t.~.~.:!:~.t.~~:.~~~.~:~~~~. 
Seed gassed with 5 cc ethylene chlorhyddn { 

per quart In n tight Jar Cor periods stated.. 
Seed dipped in a l·percent solutioG of sodi· { 

~~:i~~~o~r:t~~~e:.t~.~~.~~~!~.~.t!:~~~~~~!~:. 
Seed dipped in a 2·percent solution oC sodi· { 

~~ 
24 
48 
12 

~: 
12 
24 
24 

~~ 
~~ 

~ 
20 
10 
5 

15 

''''''5'' 

~g 

95 
70 
25 
30 
25 
45 
10 
25 
15 
60 
80 
65 
60 
35 

100 
80 ···..00· ···..95· :::::::: 

'''''45' 50 .•..•.•• 45 
50 60 65 5 
55 60 35 
20 
40 
30 75 80 20 
85 !lO 100 .•..•••• 
95 100 ••••, .•••••.•••• 
80 95 100 ..•••••• 
00 100 ..•••••••••••••• 
65 100 .•••••••••..•••• 

35 45 30 

~ · .... io· ~ 

~~i~~~o~f:t~~t.e: .t~~~~~~~ !~.~.~~~~~~~ !~:. ~~ 10 
40 

65 
flO 

100 ••••••••••••••.• 
100 ••.•••••.••••••• 

Check seed, cut at same time as tbe others 
and held in a tight Jar Cor period stated... 48 .•....••.•••••••••••••.•••.•.••• 20 ••..•••• 

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 dipped in ethylene chlorhydrin. However, the 
development of the seed given. the I-percent treatm~nt soo~ equaled 
that of the ethylene chiorhydrlll. The 2-percent sodium-thiocyanate 
treatment gave the most uniform results. 

SEASON OF 1929-30 

As in the previous season, the potatoes used in the 192?-30 chemical­
treatment studies were grown at Presque Isle, Mame, and wero 
harvested September 25. 

http:plant.ed
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9 SHORTENING THE REST PERIOD OF THE POTATO 

From the information obtained in the 1928-29 studies it seemed 
desirable to determine the relative merits of the ethylene-chlorhydrin 
and sodium-thiocyanate. 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 tpat 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 1929-30 treatments were definitely planned to permit 
careful study of the possibilities of the soaking method. Inasmuch 
as in previous studies sets dipped in a 6-percent solution of ethylene 
chlorhydrin and held in a closed container for 24 hours had given satis­
factory results, thi.s 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: 
Lot 1.-Dipped in a 6-perccnt solution of ethylene chlorhydrin and gassed 

24 hours. 
Lot 2.-Soaked in a I-percent solution of sodium thiocyanate 1 hour. 
Lot 3.-Soaked in a I)1-percent solution of sodium thiocyanate 1 hour. 
Lot 4.-Soaked in a 2-percent solution of sodium thiocyanate 1 hour. 
Lot 5.-Soaked in a I-percent solution of sodium thiocyanate I~ hour. 
Lot 6.-Soaked in a 1~-percent solution of sodium thiocyanate 1% hours. 
Lot 7.-Soakcd in a 2-percent solution of sodium thiocyanate 1}'2 hours. 
Lot 8.-Check (untreated). 

The lots soaked in t.he 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 di.pped-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 treatments. It is fl.lso 
apparent that some sets were rather seriously injured by the treat­
ment. This is particularly true of those trefl.ted October 31 and 
November 1, the germination percentage of which is given in table 4. 
The injury was dir~ctly att.:ibutable to high dfl.Y and night tempera­
tures, which prevailed dunng treatment and sub3equent planting. 
The most serious injury was to seed treated with ethylene chlorhydrin 
and held 24 hours III a tight container. Comparati.vely little injury 
was sustained in the case of lots soaked in the sodium-thiocyanate 
solutions except in the case of the 1}6- and 2-percent solutions, 
especially during the longer treatments. 

33086°-34-2 



-- ----

10 TECHNICAL BULLETIN 415, U. S. DEPT. OF AGRICULTURE 

The varieties involved in the hot-weather treatment period, October 
31 to November 2, were Adirondack, American Giant, Early Rose, and 
Green Mountain. The results of the experiment serve to corroborate 
those obtained by Denny (5) in the treatment of potatoes during 
extremely hot weather. 

Exclusive of the 4 varieties injured by high temperatures in the 
process of treatment during the dates mentioned, the foll.owing 
varieties responded most promptly: Burbank, Charles Downing, 
Early Manistee, Early Ohio, Early Rose treated November 12 and 13, 
Early St. George, Dakota Red, .MeCormick, Noroton Beauty, 
Northern Spy, Prolific, Queen-of-the-Valley, and White Ohio. A 
more critical analysis of these data 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 
germination of treated seed as compared with untreated sets as 
presented in table 5, indicate that in two cases the untreated seed did 
not show any germination at the end of 36 and 37 days, while during 
the same period the treated seed gave a germination of 93 and 99.1 
percent, respectively. 

TABLE 5.-Physiological responses of potato sets to chemical treatments, 1929-30 

Aver·Aver· IGermi., Germi·age ugeDnys germi. nntion Dnys DationI(ermi·IromVariety nation Irom Variety lrom Dation Irom 
treat· trent· un·Irom nil tr~a~~d (romullment ment treatedtrent·g~t; sets setsments 

Number Percent Percent Number Percent Perc~nt 
Charles Downing ........ 34 87.4 12 Enrly Mnni~·ee.......... 36 77.1 43
Dakotn Red ............. 34 86.6 7 ~ueen.or.the."i'nlley...... 37 99.1 o
WhiteObio.............. 36 93.0 0 ortbern Spy ............ 37 78. U 17 

Table 6, consisting of data compiled from table 4, indicates the 
time between treatment of tuber sets and the reElultant 90-percent ger­
mination, in comparison with untreated sets. Where a lower per­
centage of germination is recorded, either the ma::\.imum percentage is 
indicated or the maximum percentage recorded during the total period 
of observation. In a number of instances where less than 1DO 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. Geor~e, 
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-Eyed Peach blow gave 93, 90, 
and 100 percent gerIl}ination in 22,31, and 21 days, respecti\Tely, from 
the sets treated with ethylene chhrhydrin, as against 3, 7, and 7 per­
cent germination from the untreated sets. 
Nin~ of the nineteen varieties showed a quicker response from the 

ethylene-chlorhydrin treatment as against 3 varieties ~ving quicker 
~ermination from the sodium-thiocyanate treatment., whIle the remain­
m~ 7 showed the same ncceleration from one or more of the sodium­
tlllocyanate concentration or time treatments as from ethylene 
chlorhydrin. 



TABLE 6.-Percentage of germination of potato sets and number of days required after ch':Jmical treatment to reach 90 percent or over 1 and 
resultant germination of untreated sets during the 1929-.'30 season 

Germilllltion when lrealml with­

~ Ethylone chlor­ Sodium thiocyanate oVariety hydrin 

~ 
II percent ICh kl 1 perceL, 10 .! 1.5 percent IOh kl 2 percent IOh 11 percent ICh kll.5percent IOh kl 2percent 10h k Zfor 2·1 honrs ec for 1 110ur heck i for 1 hour ec for 1 honr eck for 1.5 hours ec (or 1.5 hours ec for 1.5 hours, ec 

Z-~-I -I 1--1 1--1 1--1 1·--1 -I 1-­ !;) 
Days Pet. Pet. Davs :Pet. Pet. Days Prt. Pet. Day.. Pet. Prt. Days Pet. Pet. IDays Pet. Pet. Davs Pet. Pet. 

lleauty of Hebron__________________ 24 93 0 32 00 30 36 97 77 36 87 77 32 93 30 32 80 30 36 67 77 
llurbank_ •• ____ •_______••_..___ .___ 29 00 47 41 87 87 29 80 47 41 T3 87 23 97 7 29 83 47 32 77 Ii3 
Charles Downing___________________I 31 96 8 31 96 8 39 84 28 34 100 12 31 100 8 39 92 28 39 64 28 ~ 
Early Manlstee_________._.___ ._____ 22 93 3 48 83 93 48 83 93 48 97 93 28 93 17 48 93 93 48 00 93 
Early 01110..._.____.._______ .______ 31 00 17 31 93 17 37 97 50 37 93 50 37 100 50 37 93 50 37 44 50 
Early Rose ,___..___________________ 26 00 80 35 83 93 35 77 93 38 67 93 35 83 93 35 73 93 35 67 93 ~ 
Enrly St. Geurgc__________ ••_.____ • 22 \lO 0 28 93 IO 30 93 Oi 48 83 8i 36 97 67 36 93 67 30 97 67 
Dnkotn Roo _____ • ___._.____________ 31 00 7 31 97 7 39 00 10 39 80 10 34 00 7 46 00 30 39 87 10 ~ 
xees:-.---------.----------------- 21 88 20 25 92 20 30 Il6 44 30 88 44 25 92 20 25 92 20 30 92 44
Mc ormlck._.______.______________ 27 00 17 50 00 67 50 83 67 50 Ii3 67 45 00 60 45 73 60 50 60 67 
Noroton Beauty_____________ .______ 32 00 77 32 00 77 32 00 77 36 93 87 32 97 77 32 93 77 36 97 81 ~ 
Northern Spy____ •__•._._____ ••__ .• 49 80 20 49 87 20 37 93 17 49 00 20 49 83 20 37 87 17 49 13 20 ~ 
Prollllc_.._______ •• _••_..____ ...__ •• 16 93 13 30 97 70 30 00 70 I' 45 00 100 30 97 70 35 93 00 45 83 100 
Queen-of-th&-Vnlley ___ • _______. __ ._ 26 00 0 26 97 0 31 91 0 31 97 0 31 93 0 31 00 0 37 100 0 g
Scotch Rose__ • __ • __ • ______ ._...____ 33 93 20 30 97 7 38 97 27 38 00 Zl 33 93 20 38 97 27 42 00 70 
White-Eyed Penchblow___ ..._.___• 21 100 7 27 00 13 32 100 33 32 97 33 27 100 13 32 00 33 32 97 33 o
Wblte Ohio._______ •__ • ___ • ________• 23 90 0 33 100 0 33 97 0 36 87 0 33 100 0 33 00 0 36 70 0 I:!;f 
'White Rose.___• ____ ._.___ ..__ ._____ 35 00 80 35 97 80 35 93 ~ 47 93 93 39 931 87 47 87 93 47 93 93 
White Star_.____________..__ • _____ • 31 00 37 34 00·' 43 39 00 57 46 73 7~ 31 00 37 34 87 43 46 00 70

----1--------1-
Average. _____..__ .._______.._1 27.9 90.8 23.8 34.1 92.1 39.0 36.1 00.9 40.3 40.0 85.8 55.3 33.2 93.7 35.9 36.4 88.2 47.3 39.6 80. \I 65.5 ~ 

"d 
I Whenever less than 00 percent is recorded the lIgure reprcsents tbe mn.ximum germination within the total period oC ohservation of eitber tbe trented or check lots. 
J E....ly Rose treated Nov. 12, 192\1. ~ o 

i--L 
i--L 
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Perhaps one of the most interesting 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 showed 13 percent 
germination. This would seem to indicate that the Prolific variety 
has 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 period 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 foune: that the 6-percent ethylene­
chlorhydrin treated sets required the shortest period of days, 27.9, as 
compared with 33.2 days in the case of those treated 1% hours in a 
I-percent sodium-thiocyanate solution, which was the next shortest 
time interval to give 90 percent, or approximately 90 percent, ger­
mination. 

SEASON OF 1930-31 

In the 1930-31 studies 11 varieties were used. The sodium-thio­
cyanate treatments were restricted to a I-hour soaking in 1- and n~­
percent solutions and a 1}6-hour immersion in a I-percent solution. 
Further modification consisted in a substitution of a 4-percent solu­
tion for a 6-percent solution of ethylene chlorhydrin for general com­
parison with the sodium-thiocyanate treatments. In three instances 
a 6-percent ethylene-chlorhydrin solution was used for comparison 
with the 4-percent solution. 

The varieties American Giant, Beauty of Hebron, Burbank (Low­
top), Early Ohio, Dakota Red, and Prolific were harvested September 
8,1930, and the Green Mountain, Irish Cobbler, Queen-of-the-Valley, 
Rural New Yorker No.2, and Triumph on September 22. All of the 
varieties were grown at Aroostook Farm, Presque Isle, Maine. 

The data in table 7 represent the calendar order of treatment of 
the several varieties. 

These figures indicate a decided hastening of germination as com­
pared with the checks of the varieties Rural New Yorker No.2, 
American Giant, 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-thiocyanate treatments as mdicated in table 7 show that 
the 6-percent ethylene-chlorhydrin treatment resulted in a quicker 
germination response than the 4-percent treatment. Comparison 
of the response from the 4-percent ethylene-chlorhydrin treatment 
and the I-percent I-hour sodium-thiocyanate treated seed shows a 
decidedly 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., Time I Rato of germination In-

Variety and chemical used Date Date cen· of I J


treated planted t!a. treat· 15 16 17 18 19 20 21 22 23 24 25 26 27 2& 29 30 

tlOn ment <lays Idays Idays Idays! days Idays! days! days! days! days! dRYS! days! days! days! days! days 


----------------1-___1____1___1___1__1__•__•__•__•__._-.--.--.--.--.--.--.--.--.-- ~ 
irish Cobh!9r: Percent Hours Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pd.. Pet. Pet. Pd.. I Pet. ~ 


Ethylene chlorhydrin.............. Oct. 27 Oct. 28 6 1 24 •...•.••.••••....•.••....••... 97 100 I;Ij 

Do..••..••.•.•.•...••...•••..••...do.•....•.do..... 4 1 24 •....•••...••••...•..•.....•.. 87 100 


Sodium thiocyanate ..••.••..•••.••...do.•••..•.do..... 1 1 •.•.....•.....•...•..••....•.. 70 80 •..••.•....• 90 ...••. 90 .•••..•..••.. ~ 

Do.•.•••....••..•••.•••...••..••..do.•••..••do..... 1. 5 1 •••..••••..•••....•..••.. ' ••.. 43 67 •...•.•...•• 73 .•••.. 77 ••••..••.••.. Z 

Do••..•••.•••...••...•••.•••.•••••do••....•.do..... 1 1.5 ••..••.•..••••......••....••.. 33 70 ............ sa ...... 93 ..••••..•••• Q
·······1······,······,······,······,······,······Untreatod••.•••...•••..••...••.••••••.••••.•.•.•do...••.•...••••.....••.••••..••. c ••••••••••••••••• 13 27 .•...• .••... 43 •...•• 50 .•.••.•••••• 


Triumph:

Ethylene chlorhydrin..............Oct. 28 Oct. 29 6 1 24 7 •..•.• •••... 90 .•....1...... 100 , ••..••••..•••••...•••...•...••••...••...•••,.•••.. 


Do.••...••....••..••..•••.•••..•..do..••••.•do..... 4 1 24 3 ••.••• ..•••• 47 .••... ..••.. 90 •••..• •••... 100 ••.......•.•••..••...•••1...... ~ 

Sodium thiocyanate ••.••....•..••..•••do...•••..do..... 1 1 •••... .••..• •••... ..••.. 30 ..•... ..••.. 43 .••... •••... 70 •.•..• ...•.• •...•• ..•.•• 100 


Do•.•••...•..•••...••..•....•..•••do...•••••do..... 1. 5 1 .••..• .•...• .•...• .•••.. 10 .••... ..•... 23 ••...• •••... 43 •..•....._. ..••.. ..••.. 70 
 ~ 
Unt~~te<C:============:::::=:===: ::=~~..~=== :::~~::::= ...~......~~~. :::::: :::::: :::::: :::::: ...~~. :::::: :::::: ~ :::::: :::::: ~ ::::=: ::::=: :::::: :::=:= 1~ ~ Rural New Yorker No.2: 

Ethylene chlorhydrin.............. Oct. 28 •..do..... 6 1 24 3 ••••.. ..••.. 53 ..•••. ..•... 70 .•...• ...... sa ...... ...... ...... ...... 90 


Do.•••..••...••..••...••....•..•••do•..•••.•do..... 4 1 24 7 .••... ..•... 40 .,.... ....•• 47 ••..•....••, 50 ' ••'.' ••••.. .•.... •••... 60 ;;g 

Sodium thiocyanat" ...••..••...••..••.do...••••.do..... 1 1 3 ••...• •••..• 37 ••...• .•..•• 40 •..••. ..•••. 50 ...•.. .•.... .••... •••..• 57 


Do.••.•••..•••...•...•.••..•...•.•do....••..do..... 1.5 1 ...••. ..•... .••... ..••.. 13 ••.... .....• 20 ••..•• ...•.. 20 ...•.. ••••.• ..••.. .•••.. 30 E 

Do.••...••.•..•...••.•.•••...•..••do••....••do..... 1 1.5 .••..• •..••. ...••. ...••. 3 .••••. ..••.• 33 .••... .•.... 43 ••...• .....• ...••• .••••. 50 o 

o 
"!lEari;i~~~~~~i~~~~~~~~~~~~~~~~~~ :~~~':~~: :~i:~~: "'!~:' ':;i'" ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ====~= ~~~~~~ ~~j~ ====~= ~~~~~t'i ====~= ~~~~~~ ~~~~~~ ~~~~~~ ...~.,=====~ 
~ 

Unt~~teii-:.~:::::::::::::::::::::::: :::~~~=::: :::~~::::: ...~......~~~. :::::: :::::: :::::: :::::: :::::: :::::: ::::::1:::::: ::::::I....~. :::::: :::::t:::: :~::::L~. :::::= 
Beauty oC Hebron: ~ 


Ethylene chlorhydrin.............. Oct. 29 •••do..... 4 1 24 •..... ...•.. ..•••. ..•.•. .••... .•...• 50 , •...•.,...... 67
57 1______ 1______ 1______ 1______ 


I'dSodium thiocyanate •..••....••..••.•.•do•.•..•••do..... 1 1 •....• •..•.. ..•••. .••... .•...• •...•• 10 •..••....•.• 13 	 53 
 oDo.•....••...••...••...•••..••.•.•do•.......do..... 1. 5 1 •...•. .••... •••..• ...••. ...... ..•... 7 .•..••••.... 	 23 40 

20 47 
 ~Unt~teii·.~:=:::::::::::::=:::::::: :::~~~=::= :::g~::::: ...~......~~~..::::: ::=:=: :::::: :::::: :::::: :::::: ...~~. :::::: :::::: 10 	 13 
 "'3Oreen Mountain: 


Ethylene chlorhydrin.............. Oct. 30 Oct. 31 4 1 24 .••... ...••. 20 .••... •....• 20 ,...•_,..•••. 
 57 1______ 1_____ _ 


Sodium thiocyanate ••.••••..••....• " .do••...•..do..... 1 1 .••... •...•. 10 ..•... •••..• 27 ....•.....•. 67 ..•..' •••....•....•...•• 90 

Do.••...••...•••.•..••..••••.•••.•do•••...•.do..... 1.5 1 .•••.. •....• 7 .•.•.. •••... 17 ....••...••. 43 ..•....••...•••..•••...• 70
27\······,······,······1·...... 

o 

53 .••...•••...••..••....•. saUnt~~teii::::::::::::=::::::::::::: :::~~~~=:: :::g~:::== ...~......~~~. :===:= =:==== :::::= ==::=: :=:::= ...~~. ::::=: :::::= 3 •.••••.••••.••••••.••••• 7 • •••••1.••••• 

1 Dipped and then confined in a tight container for time Indicated. I-' 
~ 



.....TABLE 7.-Varietal responses of potato seed pieces treated with chemicals to break the rest period, 19So--Continued 
~ 

Rate oC germination in-

Date D I Con. ITime OCI I De- ~ 
Variety and chemical used Ccentm· ment I eayedI I I I I I I I I I I
treated plantedate tlon treat. 31 32 33 34 35 36 3i 38 39 40 41 I 42 43 44 seed 


days days days days days days days days dayc days days Idays days days § 
________________ 1____1____1__._1 ___1__1__1__1__1__1__1--1--1--1--1--1--1--1--1--- .... 

C
;..-Irish Cobbler: . Percent 1 !four. I Pet. I Pct. I Pct. I Pct. I Pct. I Pct. I Pet. I Pet. I Pet. I Pet. I Pet. I Pel. I Pd. I Pet. I Percent 
t"'Ethylene chlorhydrm................. Oct. 28 Oct. 28 6 24 


Do..................................do........do..... 4 I 24 

Sodium thiocyllnate.....................do........do..... 1 1 100 ..............................................., ........--............................ til 
......,··....'..·--·1..··..'..·..·'....··1......'......,..··..,......,......,......,··....'..·..·1..··....87 ...... ...... gO ....__ ....__ 100 ..........__ ..........-- """ .................... 


Do..................................do........do..... 1 1.5 

Do..................................do........do..... 1.5 1 


97 ...... """ 97 .'__" ...... """ ...... __.. __ ............ ,.,_.. ...... ...... 0 

Untreated.........................................do...................., 57 "'... ...... 70 ...... ...... 70 ...... ...... ...... ...... ...... ...... ...... 7 
 I
z 

~'''"::~~~s~~::~::lm~::::: :~~~~=: :":I~~~ __.1:_ J,_'[:~[:[ =:::~- :::~: ~~~~~ ~~ml ::;~:-:--~- _~:~ll~=: :~~~j~::~~- -:[:~- -:~-~ _-:::-I::::::~ .... 
en 

Rural New Yorker No.2: 97 1______ 1_____ _ 97 1- .. ____1___ .. __ • ______, ______, ...... _ ... , .. --- __ 1__ -- --, --- -_ .. o
Ethylene chlorhy<lrin................. Oct. 28 •••do..... 6 I 24 ...... '''''' ~ 

Do..................................<10........<10..... 4 124 .......... .. 63 80 o 


Sodium thiocyanate.....................do........do..... J 1 ............ iO 70 o Ul 


Do..................................do...__ ...do..... 1.5 1 ............ 50 70 o 

t::1Do..................................do........do..... 1 1.5 ............ 77 7i o 

t:;j3 3 o 


Early Ohio: 

Untreated.........................................do........................... '''''' 


73 1______ 1_____ _ 
 ~ Ethylene chlorhydrin................. Oct. 29 Oct. 30 I 24 ..................I...... 63 ............I...... 83 00 10 

83 100 


Do..................................<10........do..... 1.5 1 ........................ 

Sodium thiocyanlltc.....................do........do..... J 1 ........................ 43 1_.........-- ..,... 80 o
80 87 100 


I:zj~ I:::::: :::::: :::::: 00 100

Unt~~led:=::::::::::=::::::::::::::: :::~l~::~:: :::3~::::: ....~.......~:~. :::::: :::::: :::::: :::::: 3 .................. 

80 
3 7 13 o ;..-


Beauty of 'Hcbron: 
80 90 93 7 


So<lium thiocyanllte.....................do........do..... 1 1 ........................ 77 ...... """ ..... . 97 100 ~ 

Do..................................<10........<10..... 1.5 1 ........................ 53 ................. . 70 8i 

I ..i~·I::::::== C 


Ethylcne chiorhyurin................. Oct. 29 ...(1(...... 4 I 24 ..................I...... 80 I................... 

......

63 ................. . ·83 8i

Untfc~ied:::::::::=·::=:::=:::::::::: :::~~••:::: :::3~::::: ....~.......~:~. :::::: :::::: :::::: :::::: 21 .........__ "" . 33 40 53 0 


Oreen 1\1 ollntllin: ~ 
Ethylene chlorhydrln................. Oct. 30 Oct. 31 4 124 .... __ ............ 00 

So<llum thiocyanate.....................do........do..... 1 1 ..............., .. 8a '..........--1.......•..•.1.••••• sa 1•••••• ............1 ..........··1..·.. """·1 __.........0.
93 ......1 IIi ......1 100 1 .... ··..1 


!lO ....•• "'''' ...... 100 .................................... '''''''' ~ 

100 ...... ____.........................................................= 


7 I...... ...... ...... 10 ...." ...... 10 ...... ...... ...... I 


I Dipped and then confined in a tight container Cor time Indicated. 

unt!~~ii(j=======::==::=::::=::::::::: :::~~.::::: :J~::::t..!~:.....~:~. :::::: :::::: :::::: 



Rate of germlnatlun In-Can· ITIme 
VarIety anll cheml<'!1.1 used Dnte I Dnte I cen· of 

treated plnnted Irn· treat.·· 15 Jr. 17 18 19 20 21 22 23 24 25 26 27 28 20 30 
lion lIIent 11~lays dnys days dnys days .Jays Idays Idays Idays Idays Idays Idays Idays Idays Idays Idays 

Burbnnk (Low.top): IPercent /Iou," Pct. Pel. Prt. Pet. Pet. Pct. pet., Pct. Pet. Pet. Pct. 1Prt. Pet. Pet. Pct. Pct. 
Ethylelle chlorhydrln.............. Oct. 30 Oct. 31 4 I 24 •••••• •••••• 13 •••••• •••••• 13 """ •••••• 17 .••••, •••••• """ •••... 37 •••...••.••• ~ 

SodIum thlocyallnte •••••••••••••••••••do........do..... I 1 •••._. •••••• 7 •••.• , •..••• 7 .••_.. ••.••• 37 •••••• .••••• ••.••• •.•••• 70 •..'" •.•••• 


Do................................do........do..... 1.5 1 ••••.• .••.•• 3 •.•••• •..••• 7 .••••• .•.••• 17 ........,... •••••• •••••• 43 .•., ••...••• ~ 

Do••••••••.••••••••••••••••••••.•.110........do..... I 1.5 ."'" •••••• 10 ...... """ 13 ••••••.._... 30 ••••••••, ••• """ •••• 77 ..• , ••..•••• t;:J 


Am~I'::i:d~~';i:"""-"""'-"""-- .............do...........................................,............ """ ••••••..•••••.••.••••.•.•.•..•••...•••..••.•• '" •...•• Z 
..... 
Ethylene chlorhydrln •••••••••••••• Nov. 4 Nov. 5 4 '24 20 •••••• •••••• 50 •••••• •..•.. •••••• •••..• 57 ••,." •.•••• ••.••• •••••• ..•••• 73 Z 

prOI~~g;~~:~~~f~~~~~~~~~~~~~~~~~~ ~J~~~~~~ JI~~=~~~ ..J:.. ..i:~. ~~~~~~ ~~~~~~ ~~~~~~ :::=~: ~~~~~~ ~~~~~~ ~~~:~~I~~~~~ .Jt ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ...~.[::: 
cp 

~ 
Ethylene chlorhydrln •••••••••••••• Nov. 4 •••do..... 4 124 3 •••••• """ ZI ...............'_. •••••• 63 ••••••••, •.•••••...•,... •••••. 70 ••••••• 


~Dak~:tl~~~~~~H~~~~~~~~~~~~~~~~~~~~~ ~~~f:~=~~~~1:::11~:=~~~ .J~:....!~~. ::::~: ~~~~~~ ~~~~~~ ...~t ~~;~~~ ~~~~~~ ~~~~~~. ~~~~~~ ~ ~~~~~: ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ g ~ 
"'cIEthylene chlorhydrln ••••••••••••.. Nov. 6 No\,. 7 4 I 24 ......J j •••••.\...... •••••. .• •.• 27 •••_•••,.... 30 .._••• _..... 40 .•••••\•.•••.\...••• 't;:j 

SodE~~:t;~J;!:~~;;;:::::::::::::::: :::3g::::: :J~::::: i·5 L:::::= Ii =::=== :::::: :=:::=I~:::=~ 4:::::: :::::: ~ =::::= :::::: ~ :::::: :::::: :::::: ~ 
UntrCllted .••••••••• _ ....................._••••••do•. _ •••••••••••--." ____..1_..... -..... """ ......1.........._......• """ 3 ••,... .•••.. 3 •..•••.••'" ••..•• \:)


Queen-or·the-Valley: 
Ii 1______ 1_____ _ 17 1______1.. _____ , ..____ _ o 

>:j9; 9;:~~~!~I~~~~~~:~:=:::::::::::: :~a~=::~: :J~::::: t5I 2i I·::::==I··-~·I::::::I:::::~I::::::I::::::I···~f\::::::\:::::: .............[..... . 

67 73Do._••••••••••••••••••••••••••.•••do._••••••do..... 1 1.5 •••••• 20 ••• , •. """ ••••_. •••••. 53 ••.••••••••• 8; !lO ::::::1:::::: ::::::Untreated ••••••••• _•••••••••• _••••••••••••.••.••do.•••..•.•••••••••,•••.•••.•.••.•••.••••" ••••••••• _••••••.••.•••••. """ 3 3 ------ -.. --. ____ e. ~ 

I Dipped and then confined In a tight container for tlUle Indicated. "'cI 

~ 
8 
o 

I-' c-. 



TABLE 7.-ITarictal resp07!ses oj potato secel pieces treateel with chcmicals 10 break the rest period, 19So-Continucd .... 
~ 

Rate of germination in-

DID I Con· Time OJ I Dc. ~ Variety and chemical used ate ate centra· treat. caycd Ctreated planted tion ment 31 32· 33 34 35 36 37 38 39 40 41 42 43 44 seed 
_1 __1____ days Idays Idays Idays Idays Idays Idays Idays Idays Idays Idays Idays Idays Idays I-­ ~ 

C 
Burbank (Low·top): Percent lIours Pel. Pet. Pel. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pel. Pet. Pet. Pet. Percent53 ______ ______ ______ 77 ______ ______ 80 ______ ______ ______ 0Ethylene chlorhydrin_________________ Oct. 30 Oct. 31 4 I 24 _________________ _

Sodium thiocyanate. ___________________ .do_____ •__ do_____ 1 1 _________________ _ 77 ______ ______ ______ 100 ___________________________________________ _ ~ 
Do ______________________________ • ___ do_____ ••_do_____ 1.5 1 _________________ _ 70 ______ ______ ______ 87 ______ ______ 93 ______ ______ ______ 0 

C 
~ Do __________________________________do___.. ___ do_____ 1 1. 5 _________________ _ e7 ______ ______ ____ _ ______ ______ ______ ______ ______ ______ ______ 3 

Untreuted _____________________________________ • __ .do______________________________________ _ 7 ______ ______ ______ 10 ______ ______ 10 ______ ______ ______ 3 

American Glant: 
Ethylene chlorhyc!rln_________________ Nov. 4 Nov. 5 4 I 24 _____ • _____ _ 93 1______ 1_____ _ 97 100Sodium thiocyanate _____________________do____ • ___ do._.__ 1 1 • ____ • _____ _ 97 97 100Do __________________________________do____ • __ .do_._._ 1.5 1 ___________ _ ~ 

80 83 93 7Do __________________________________ do ____ . ___ do_____ 1 1.5 ___________ _ Z83 97 100 
3 10 oUntreated _________________________________________do________________________________ 

II" 
Prolific: ....

Ethylene chlorhydrin_________________ No\'. 4 ___do_____ 4 124 ___________ _ 87 1______ 1______1______ 1____ ... _1 ______ 1___ ... __83 13Sodium thiocyanate _____________________do________do.____ 1 1 ___________ _ ~ ,------1------\ ? 
100Do _________________________________do________ do_____ 1. 5 1 _. _________ _ ~ :::::: :::::: 80 ------, ---97-1:::::]::::::1:::::]::::::1:::::]::::::1-------3 cDo __________________________________ do..___ •__ do_____ 1 1.5 ___________ _ 100Untrea·ted_________________________________________ do________________________________ _ 00 1______ 1 ______ 1_ ... _ ___ 1______ 1 ______ I _____ _27 33 o ?2

Dakota Red:
Ethylene chlorhydrin_________________ No\'. 6 No\,. 7 4 124 631 _____ ) ______1 67 1______ 67 _________________-' _____ .1 _________________ .1______ 3 t;;
Sodium thiocyllnnte __________________ •__ do____ • ___ do____ • 1 1

Do. _________________________________ do________ do____ 1.5 1 ~ ::::::1:::::: : I:::::: ~:=l :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::::: t-J 
Do __________________________________do________ d~ ___ _ 1 1.5 80 ______ ______ 80 ______ 00 ______ ______ ______ ______ ______ ______ ______ ______ 10 

~Untreated _________________ ______________________ do____________________ _ 10 ------ ------ 13 ______ 17, ______________________ -- ______ ______ ______ ______ 3 ~ 
Queen-o(-the-Valley: C 

Ethylene chlorhydrin_________________ No,-. 51---dO----- 4 124 27 ':oj
Sodium thlocyanate _____________________ do________ do_____ I 1 100 1Do __________________________________ do________do_____ 1. 5 I 

00 >­
100 ::~~J~]:::~:l::~m :::~: ~m:~ m:~~ ~~~~~ mm ~::~~: mm ~~~m ~~~~~~ ::::::;lUnt~ied~:::~::::::~:::::::::::::::: :::~~__:::: :::~g:=:: ____ ~_______ ~~~_ ~ 3 ,... 

C cI Dipped and then confined In a tight container for time indicated. 
E3 
~ 
t-J 
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The data presented in table 8 are a condensation of the final germi­
nation per.oontages recorded durin~ the period of obs~rv~tion. These 
figures represent the end result, as It were, but do not mdlCate 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 ",ith a condensed summary of the results obtained. As has 
been previously mentioned, the 6-percent ethylene-chlorhydrin treat­
ments show t·he 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 I3-percent germination. Apparently the tuber 
rest period 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
manto A sinrilar comparison of the relative depth of rest period of 
t.':le Rural New Yorker No.2 variety shows that only 3-percent ger­
mInation of the untreated sets OCCUlTed 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. 

TABLE S.-Percentage of germination of po/ato sets and number of days required 
after chemical treatment to reach 90 percent or over 1 and resultant germination of 
'untreated sets during the 1980-81 season 

Germination when treated wlth-

Ethylene chlorhydrin Sodium thiocyanate
Variety 

6 per· 4 per· 1 per· I.'·fper· I I per· 
cent for Check cent for Check cent for Cbeck cent for Check cent for Cbeck 
24 hours 24 hours I hour 1 bour Iy'! hours 

DV. Pet. Pet. ])v·tPet. Pet. ])V. Pet. Pet. DV. Pet. Pet. DV. Pd. Pet. 
American Ginnt••• ___ 3;! 93 3 33 97 3 38 9.1 10 36 97 7 
Beauty of Hebron _" 42 90 40 39 97 33 44 100 53 44 100 53 
Burbank (Low-top)._ 41 80 10 38 100 10 41 93 10 34 97 7 

-- ..- ---- -------
Early Ohio_._. _______ 44 90 13 44 100 13 H 100 13 42 90 7
IrIsb Cobbler_____• ___ 20 97 13 23 100 27 26 90 43 34 90 70 28 93 50Dakota Red _____• ____ 34 67 13 31 90 10 34 90 13 :16 90 17---- -.. -- -..---- ..Oreen Mountaln___ 41 90 10 28 90 7 34 90 7 34 100 7ProWlc • •• ---- ---- ------­

38 87 60 33 97 27 38 97 60 33 90 27 
Queen-of·the-Vlilley__ 36 60 10 24 97 3 31 90 3 27 90 3---- ---- ----...-..
Rurnl New YorkerNo. 2_______________ 

3D 90 3 36 80 3 36 70 3 36 70 3 33 i7 3
Trlumph.____________ 19 90 0 22 90 3 30 100 13 36 100 20 ao 100 13 

1 Wberever less than 90 percent Is recorded, the figure represents tbe maximum germination wlthha the 
total period of observation. 

In a 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 6-percent ethvlene­
chlorhydrin solution and confined in a tight contaIner for 24 hours, 
and also with untreated seed. 

The results, which are presented in table 9, corroborate the ~eneral 
behavior of previous treatments. Comparing the average germmation 
of the three varieties, 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. . 

TABLE 9.-Varietal responses ol potato seed pieces treated with chemicals to break 
the rest period 

[Sets treated Dec. 2 and planted Dec. 3, 19301' 

Concen- Time of Rate of germination in- IDecayed 
Variety 'and chemical used tratlon treat- seedI I 

ment 20 days 26 days 30 days 34 days 

irish Cobbler: Percent I lIour3 Percent Percent Percent Percent Percent 
Ethylene chlorhydrln_______ 6 24 17 80 100 __________ ----------
Sodium thlocyanate ______ '-_ 1 1 23 00 100 __________1_________ _ 

Do_____________________ I 1.5 : 7 83 100 ___________________ _ 

Ch~~-_~::::::::::::::::::: ________ ~_______=___ f fa 1~ :::::::::: ---------6 
Triumph:Ethylene chlorhydrin_______ 6 24 73 97 __________ __________ 3 

Che~~:::::::::::~::::::::: --------~- ----~-=--- ::::::::::1 

Sodium thiocyanate________ 
Do_____________________ 

I 
1 

1 
1.5 

20 
10 

93 
80 

97 
97 

3 
3 

Do_____________________ I 2Check______________________ __________ __________ __________ 4030 6097 93 7
100 __________ 

Green Mountain: 
Ethylene chlorhydrin_______
Sodium thlocyanate________ 

Do_____________________ I 

24 
I 
1.5 

3 
7 
3 

00 
00 
77 
57 
10 

, The average percentage of germination under the various treatments was as follows: Ethylene chlorhy­
urln, 99 percent In 28.7 days; sodium thiocyanate, 98 percent in 30 days when seed pieces were treated 
I hour; 99 percent In 30 days when seed pieces were treated 1.5 hours; and 96.7 percent in 32.7 days when 
seed pieces were treated 2 hours. The untreated, or chook, plot averaged 62.3 percent germination In 
32.7 days. 

SUMMER AND FALL OF 1931 

In order to secure additional information on the efficacy 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 a 60° F. storage 
room for 15 days, after which they were transferred to a storage 
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 ,:ariety germi~at.ed 
m')re promptly than any other lot. Four (If the seven YanetIeS 
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. So~l1e lots of cut seed 
showed decay as a result of injury from the treatment.3 

Owipg to scarcity of seed, it was possible to run checks only with 
the first three varieties. 

TABLE lO.-Ethylene chlorhydrin (Jas treatment of seven varieties of potatoes with 
1 cc per liter of air space for 24 hours 

[Potatoes harvested Aug. 5 nnd treated Aug. 26-27, 1931] 

I ~~~~M~ I 
Variety nnd number IWhole or I I .De­

oC tubers j' Cl!t 
IIDry or wet ~ I~ I~ I~ ~ ~ ;:; ;:; ;:; ~ ~ ;:;

I 3 ~ ~ ~ ~I~ ~ ~ ~ ~ ~ ~ 
cay 

00 - ~ 0 ~ ~ ~ ~ Q ~ 
~ 

~ ~ 
~ ~ ~ ~_ _ M " • • mi 

-Ir-Is-h-C-ob-b-le-r:---lJ----I----1IP-c-t.l;,ct. Pet.1;;;; ;;;;IPct. Pet. Pet. Pet.;;; Pet.IPct. Pet. 
25--.............., Whole•••• DrY"' __ "1 24; 36 40 j 60 60 i2 72 84 100 ••.•1..•.....1••.• 
25. __................do••••••• Wet••••••. 56: 84 8-1 ,100 •••+... ____ ._.. ____ \____'.___ '......__

25. _____ • ____ • __ ._ C'ut 1•• __•• Dry...... _ 10 I 20 30' 34 34]38 52 __..•_....__1....' ... -' 22 
25............... .1 Whole ' __.' ... do.......1 0 I 0 0 0 0 4 i 24 44 !J6 poo 1....1....;.... 

Trit~pii; ...........J Whole ""j--.dO......!O! 0 0 0 0 1 4 12 \ 44 61 I 76 100 ,........ 

25................1 Whole .. , •..• do_._ ••• 28 56 68 92 00 00 00 ______ ._ ....._._ ._•• '_" 

~:_:,::::::::::::::i·c~fi.:::::t ~i~~:::::::11~ f:l t ~~ ~~ ~ ~g :::: :::: :::: :::: ::::"20 
25••._............l 'Yhole ' __ .l,... dO __ •__•• 4 4 4 24 36 02 60 US 76 92 100 ........ 

Early Ohio: j I 

25................' Whole -- ••r--do.- ••••1 4 8 20 44 H 48 48 48 60 80 I 92 100 .... 

25...._._ ......._.' •••do...... Wet.......\ 32 44 68 68 68 72 72 SO 88 100 , ............ 

25............... .1 Cut 1......1 Dry....... 2 2 6 22 24 28 38 ............1........ 32 


Kat~djn:............l Whole ,··t··dO.-•.--! 0 4 4 4 4 4 12 12 16 24! 64 92! 8 


il:::::::::::::::::.:~·gg~~::::,·"·~~.::::::' ~g ~~ ~~ 1~ .~~. ~~. :::: :::: ::':1::':":::(:::::::
C~;;D;;~:'-'ing:"": Cut 1......1 Dry.......!36 50 56 72 72 78 78 •• _"\".--1- ...;....,·...1 12 

20·......._.......1whOle••••!...dO. ___..r 30 65 65 Sii 85 Sii Sii ulO ........ , __ ••••• "" 

2O•••_............1••• do...... Wet••.•••., 95 100 •••• ''''1'''' ................ "" ••.• ' ....... 


28 144 6 76 "'-f"" ·.·-,-···1····Bur~nk:""--"'''II Cut 1••••••\ DrY __""'j28 7 82 90 6 
20................ Whole•••••• do_.•••. 25 35 40 70 170 i5 95 •••.•••••••1..... : .... 

Rur~:);~;;::~~~f~;:l·c&fi·:::::l; ij;;::::::: 6g ~ ~ ~ 'I: tl ~ ::::I::::.:::::::t:.: "10 
N&i:~........__••••.. Whole...... ,do••.•__. 75 8(l SO Sii Sii 95 95 95/100 ...J..l...1.... 

2O........_....... ·•••do......1 '\et.... __ ._ Sii 90 f 90 90 90 90 90 •••• '''' •••• ' .•••1···-' .... 
25................. Cut I ......, Dry.,.....;. 12: 34: 46 60 I 60 ,62! 68 \...... _._ •••• _•••,..... 24 

~ J. I : ­

1 No.2 tubers cut 10 two. 
'No.1 tubers whole, untreated check. 
, No.2 tuberS whole, untreated check. 

On September 21 four lots each of Irish Cobbler and Triumph 
potatoes were treated. 'With ethylene chlorhydrin at the rate of one 
half cc of the liquid to each liter of air space, or at the rate of slightly 
over 14 cc per cubic foot of air space. All lots consisted of whole 
tubers which 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 treatment of sacked potatoes. The receptacle used was 
a 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 gennination. 

3 The injury, when not Ee,'ere enough to cause decay oC the seed piece. was In the nature oC retarded 
germination and a yellowing or bronzing oC the folinge and terminal portion oC the stem. 

http:germi~at.ed
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A study of the data presented in table 11 shows decided shortening 
of the rest period as compared with the check or untreated lot. 

F'IGURE I.-Irish Cohbler potatoes: A, 'rreuted September 21, 1931, In (l O.5-cc.Jler-liter concentrution 01 
ethylene chlorhydrln gas lor 24 hour~~ B, tuber untrented. Photogrnphed 13 duys niter treatment_ 

Slightly qu:'cker 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 find 52 

FIGURE 2.-Triumph potatoes receiving the snme treatment us the Irish Cobblers in figure 1. Photo­
graphed 13 days nIter treatment. 

percent of germinating tubers 14 days after treatment. The dry lot 
gave 100-percent germination in 21 days, against 25 days in the 
wet-lot treatment. No gerrnination 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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DAYS AFTER TREATING 

FIGURE 3.-Rote of germinntion of treated and untreated Irish Cobbler tuhers harvested September 12 
Bnd treated September 21-22, 1931, with ethylene chlorhydrin. Tubers placed in :/00 F. room imme' 
diately after treatment. 

tion of the treated tubers 13 days after'treatment. Figures 3 and 4 
show, by grnphs, the rate of germination of the Irish Cobbler and 
Triumph treated September 21. 

TABLE ll.-Ethylene chlorhydrin gas treatment with one half cc per liter oj air 
space, using in each test 25 tubers oj the Irish Cobbler and Triumph varieties 

[Potatoes harvested Sept. 12 and treated Sept. 21, 19311 
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FIGURE 4.-Rate of germination of trented and untreated Triumph tubers hurvested September 12 and 
treated September 21-22, 1031, with ethylene ehiorhydrin. Tubers placed in 70· F. room immediately 
after treatment. 
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28-20, ID31, with ethylene chlorhydrin. Tubers pluced in 70· F. room immediately lifter treatment. 
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The treatments of September 21 were repeated on the same varieties 
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 90-percent germination was shorter 
than in the September 21 treatment. A similar comparison of the 
Triumph data shows a 50-50 result. If, however, the average time 
interval between treatment and the 90-percent objective is compured, 
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__:~oiLoR~rtDRlN 1 o.~1 CC jR 1", AIA(j ~115 f­
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T -T T T--T 'T T T~kN~ 
FIGURE 6.-Rate or germInation or treated Bnd untreated Triumph tubers harvested September 12 and 

treated September 28-29,1931, with ethylene.chlorhydrin. Tubers placed In 70° F. room ImmedIately 
after treatment. 

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 
indicate, 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 
Cobbler and Triumph treated September 28. 
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TABLE 12.-Ethylene chlorhydrin gas treatment with one half cc per liter of air 
space, using in each test 25 tubers of the Irish Cobbler and Triumph varieties 

[Potatoes harvested Sept. 12 and treated Sept. 28, 1931] 

c~ Rate of gennInntion In­= 
VarIety nnd condItion of whole .§ a 

tubers E~ 

8-
Irish CohhIer: Hour., Pet. Pd. Pd. Pd. Pct. Pct. Pd. Pd. Pct. Pct. Pd. Pct. Pd. Pet. Pct. 

Dry_____••••_.___ ._._••••__ 24 8 20 36 48 72 100 .,________.. _...._.__ '.' __________ '_ 
WeL_. ___•_____ ._.._...... 24 8 20 48 64 76 84 92 100 _.__ ._•• _._. ____ •___ •_______ 
Dry_______________ ......... 48 4 32 72 88 100 •____ ._••__ ..._______ ._ ... _ .... _....... 
Wet.___ ............._....._ 48 8 44 92 92 100 ........ _'" ____ ._._ .._..... ____ •••••••• 
Check.___ ....... __.............__ .....__ •••____ ._ ____ 8 12 20 28 56 92 100 •______ • ___ _ 

Triumph: 
~re)t·~::-.:::-_-.-_-.:'.'.'.:'.:'_'.-_:'_'_ 24 16 48 88 92 100 .... __ •• ___ ........, ____ ,,,. ___ • ____ .... 

. __ ___ _ _ _ _ 24 16 44 64 80 88 100 ........ "_' .... ____ ..........._ .... 
Dry._._. __ ..__ •• __ ••••••••• 48 16 64 80 92 100 ._._______•••___ ..._ "'_ ._...._. _, ...... 
1\'ct....____ .....___ ._.. ___ . 48 12 52 76 92 100 '_'_ ......,. ____ •______ •• __ • "'_j___ ' .. .. 
Check.. _________• _____•_________ ."••••••_.. ____ 4 4 4 4 8 12 24 48 76 92 96 

I 

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

TABLE 13.-Ethylene chlorhydrin gas ireatment with 0.5 and 1 cc per liter of air 
space for 24 hours, using in each test 20 tubers of the Irish Cobbler and Triumph
varieties 

[Potatoes harvested Sept. 12 and treat.ed Oct. 5, 1931] 

o ~ Rate of germInation In­
.c 2 \--.--;--;,---,-...-


Variety and condition of ~§ _~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _~ ~ ~ 

whole tubers ~ ~ ~ "" -0 "" 'C 'C 'C -0 'C 'C _ "" "" 

w!:: ~ ~ ~ t;1 ~ ~ ~ ~ ~ ~ ~ fa 

Irish Cobbler: Co Pel. Pd. Pd. Pd. Pd. Pet. Pct. Pel. Pet. Pet. Pct. Pct. Pct.Dry______ ••_________ 0.5 5 20 30 50 80 90 100 _______........ _____________ __ 
WeL________.._____ I 10 20 30 60 80 90 90 100 ________ " __... __________ 
Dry___ •__..._____ ••• .5 10 15 55 65 90 90 100 _____ ,.________ ..._________... 
Wet________________ • 1 00 70 00 100 ___• ______ ..___ .. ___ " __ ' .. ___ ....________• __ 
Check•• _______ ..... __ ._.._____... __________ ..________ ..... 10 35 65 80 100 __________ 

Triumph:
Dry...______ ••___ • .5 21; 35 50 65 80 90 00 195 95 100 ___ .. __ , __ "'" 
Wet_____________ ,_ • I 15 50 70 90 90 90 95 95 100 _____ " ___• _____ " __ _ 
Dry________......... .5 15 30 60 80 90 95 95 100 _____________.. ___......_ 

\Vet_______ . ____ ._.... _ 1 25 50 70 85 00 90 90 05 100 __________ "' ________ _ 
Check_______.......... ______________.. _____ ..___ _____ _____ 5 10 35 70 90 I 90 95 


1 

The fourth set of trea.tments of the Irish Cobbler and the Triumph 
also included the Kata.hdin variety. The treatments differed from 
those ma.de the week previous in that sacks and ba.skets were sub­
stituted for the wet and dry comparisons.

An examina.tion of the data presented in table 14 would seem to 
indicate a. slight a.dva.ntage in ia.vor of the basket conta.iner in the 
Triumph and Katahdin, wlnle the response from the Irish Cobbler 
sacked tubers was slightly though not markedly quicker tha.n those in 
baskets. It is not felt, however, that the difference was sufficiently 
marked to be convincing, 

http:treat.ed
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TABLE 14.-Ethylene chlorhydrin gas treatment with 0.5 cc per liter of air space for 
24 hours, using in each test 20 tubers of the Irish Cobbler, Triumph, and Katahdin 
varieties of potatoes 

[The fli"st two varieties were harvested Se:»t. 12 and the last Oct. 1; treated Oct. 12-13, 1931] 

----,----------------------I Rate of germination in-
Variety and container of wet ----;---;--,.---;---,----,---,--.,- ----;---,-- ­

whole tubers 
ill ~ " ro ~ ~ U ~ D W " 

days days days days days days days days days days days 

---~-----------------.-----------

Irish Cobbler: Pel. Pel. Pct. Pel. Pct. Pct. Pct. Pct. Pct. Pcl. Pel.100 _______________________ _Back__________________________ ______ ______ 5 10 35 95 100 ________________________Basket_______________________ ______ 5 15 25 30 75Check___________________________________________________________ _ 35 70 85 95 _____ _ 
Triumph:

Sack__________________________ 5 15 45 55 75 90 90 100 _________________ _
Basket.______________________ ______ 15 50 75 100 ___________________________________ _ 
Check________________________ ______ ______ ______ ______ ______ ______ ______ 25 55 60 80 

Katahdin:Sack______ .,__________________ 10 15 35 W 40 100 _____________________________ _ 
Basket________________________ 35 70 85 85 100 ________________________________.. __ 
Check________________________ ______ ______ ______ ______ ______ 30 45 55 60 75 100 

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 

FIGURE 	7.-Katahdin potatoes: A, Treated Oct. 12, 1931, In a O.5-cc·per-liter concentration of ~thylen&o
chlorhydrin gas for 21 hours; B, tuber untreated. Photographed 13 days after treatment. 

were treated 11 days afterward it is rather remarkable that the basket­
treated lot showed a 35-percent germination in 10 days from time of 
removal from chamber October 12, 85 percent in 17 days, and 100 
percep.t 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 
harvested 19 days later than the Irish Cobbler and the Triumph, 
nevertheless showed a prompter germination (fig. 7). 

A fifth treatment of Irish Cobbler and Katahdin potatoes with 
ethylene-chlorhydrin gas was made October 19 to 21, usmg 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 l-cc treatment for 24 hours. Alliots 
were in burlap sacks. The treated Katahdin tubers gave 100 percent 
germination with both treatments in 21 days, while the treated Irish 
Cobbler tubers germinated 100 percent in 25 and 28 days, respectively. 
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FIGURE 8.-Rate of ge;'mlnation of treated and untreated Katahdin tubers harvested October 1 and treated 
October 26-27, 1931, with ethylene chlorhydrin. Tubers placed in a 70· F. room immediately arter 
treatment. 

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

TABLE 15.-Ethylene chlorhydrin gas treatment with 0.5 and 1 cc per liter of air 
space for 24 hours, using in each test 20 tubers oj the Irish Cobbler and Katahdin 
varieties 

[Potatoes harvested Sept. 12 and Oct. I, respectively; treated Oct. 19-21, 1931] 

Treatment Rate or germination in-

Variety and condition of 
whole tubers Peri 11 14 18 21 25 I 28 3~ 35 39 

Strength ad' days days days days days days days days clays 

----------1---·1------ -------------

Irish Cobbler: Ce flours Pel. Pet. Pet. Pet. Pel. Pet. Pel. Pel. Pel. 
Dry, in sacks.............. 0.5 48 15 40 50 80 95 100 .................. 


Do.................... 1.0 24 5 45 65 95 100 ........................ 

Check............................................................ 10 25 iO 80 100 


Katahdin: 

Dryn':~~:~~:::::::::::::: I:g ~~ ~ ~g ~ ~~ :::::: :::::: :::::: :::::: :::::: 
Check..........._-••_................_... ...... ...... ...... ...... 30 50 80 90 100 


A sixth treatment of Irish Cobbler and Katahdin tubers was made 
on October 26,1931, in which the ethylene-chlorhydrin concentrations 
were at 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 
O.25-cc concentration, while similar lots were given a 24-hour treat­
ment in the 0.5-cc-per-liter concentration. In the case of both the 
Irish Cobbler and Katahdin there was no material difference in the 
rate of germination of the dry and wet tubers in the weaker concentra~ 
tion. A 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 period. As usual the Katahdin showed a prompter germina­
tion than the Irish Cobbler (table 16 and fig. 8). 

TABLE 16.-Ethylene chlorhydrin gas treatment with 0.25 and 0.5 cc per liter of 
air space for 24 hours, using in each test 20 tubers of the Irish Cobbler and Katahdin 
varieties 

IPotatoes harvested Sept. 12 nnd Oct. 1, and treated Oct. 26, 1031] 

'I'reatment Rate oC germination In-
Varlety pnd 	 condition oC wbole ----;---1·--..---;----;---;---......-- ­

tubers 14 18 21 25 28 32Strength Period dp,ys days duys days days days 

--------------------------.--
Irish Cobbler: 	 Cc HOltrS Perce7lt Percent Percent Perce7lt Percent Perce7ltDry____________ .• _______________ 0.25 48 15 75 00 100 ________________ 

Wet_____________________________ •~ 48 25 60 90 95 100 _______ _ 
Dry_____________________________ . a 24 20 32 65 00 100 _______ _Check_____________________________________________.. _____ ________ 5 50 65 100 

Kat'll'r~~:--------------------------- .25 48 30 85 95 95 100 _______ _
'Vet_____________________________ .25 48 35 90 100 _______________________ _ 
Dry_____________________________ .5 24 20 00 85 100 _______________ _
aheck____________________________________ ,_____________ 5 40 <'5 80 100~.-

A summary of the data for the Irish Cobbler variety, presented 
in tables 11 to 16, inclusive, shows that the interval botween treat­
ment and a gO-percen" or even higher germination was 21 days, 
with an actual 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 variety, given 
in tables 11 to 14, shows a 21X-day time interval between treatment 
and an average germination of 94.5 percent, as against no germina­
tion from the untreated seed. 

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

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

A final treatment of Ka.tahdin potatoes was given November 
2 to 4, in which a somewhat extensive comparison was made of 
the relative efficacy of 0.25- and 0.5-cc concentrations of ethylene 
chlorhydrin gas treatments for 24 and 48 hours. Both baskets 
and burlap sacks were used. The promp~est germination was ob­
tained ffOm the O.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 uf treated 
seed glLve complete germination in 25 days. Of greatest interest 

http:Kat'll'r~~:---------------------------.25
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is the fact, that the untreated lot showed 85 percent germination 
iIi the 25-day period (table 17 and fig. 9). 

This would seem to indicate that the Katahdin potato has a 
comparatively 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 a total of 58 days. It should be 
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FIGt'DE 9.-Rate or germination or treated and untreated Katahdin tubers harvested October I and treated 
November 2-3, 1931, with ethylene chlorhydrin. Tubers placed in a 70· F. room immedifilely arter 
treatment. 

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

TABLE 17.-Ethylene-chlorhydrin gas treatment with 0.25- and 0.5-cc per liler of 
air space for 24 hours, using in each test 20 tubers of the Katahdin variety 

[Potatoes harvested Oct. I and treated Nov. 2, 1931) 
--------------------~~--

Treatment Rata 01 germination in-

Variety and oontainer or dry whole tubers -- ­
11 14 18 21 25Strength Period days days days duys days

---------------1--- ------- ------____ --
Katahdin: Cc llours Perce1lt Percent Percent Perce lit Percent

,Sack__________________________________ O. 2.~ 24 5 25 05 00 100Basket______________.._______________ .25 24 5 10 60 \10 100 
Do_______________________________ .r, 24 5 U5 100 _______ _
Do__ ...._________ ..________.._.__ .5 24 5 45 55 95 100 
Do______________..______________ • .25 48 20 60 95 100 
Do__________•__________________ .. .25 48 10 40 70 100 
Do_______________________________ .5 48 40 75 9.1 100Do____________________________ ... .5 48 30 70 100 ____ _______ _

Check________________________________ ..________ __________ ________ ________ 45 -05- 85 
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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 wnters 
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 treatments 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 Katahdin, 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 available to assure its successful use commercially. 

SUMMARY ..\ND CONCLUSIONS 

The presentation of a paper by Johannsen in 1893 furnished the 
first evidence of the stimulative effect of anaesthetics on resting 
plants. It was found that when plants were subjected to ether or 
chloroform fumes in a tight container for 48 hours or more a 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 lears other chemical substances have been substituted 
for ether an chloroform which are equally if not more effective and 
are more convenient to apply. 

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

Chemical treatffients of potato sets to shorten the rest period were 
undertaken during the fall and winter of 1928-29, 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 solution of ethylene chlorhydrin and in 1- and 2-percent 
solutions of sodium thiocyanate and ~fterward 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 Dakota 
Red tre&ted on November 12, 1928, as compared ·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 a lessened 
depth of the rest period. 

In the 1929-30 e::q>eriment special consideration was given to a 
study of the relative merits of the ethylene-chlorhydrin and sodium­
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thiocyanate treatments. The experiments were conducted ,,,ith 23 
varieties, and, as in the previous seilSons, a considerable variation in 
response was noted. Prolific showed the quickest response from the 
ethylene-chlorhydrin treatment. Early Rose, Noroton Beauty, 
Prolific, Burbank, and Keeper appeared to have the shortest rest 
period. 

The most successful results based on relative germination of treated 
and untreated sets were obtained from White Ohio, Benu ty of Hebron, 
Queen-of-the-Valley, Early Manistee, and the White-Eyed Pench­
blow. 

The 1931 treatments of whole tubers with ethylene-chlorhydrin 
gns for 24 and 48 hours rather conclusively demonstrated the efficacy 
of this ~as in shortening the rest period. 

SuffiClent evidence was obtained to justify the statement that 
certain. vu.rieties are more easily stimulated into growth than others. 
Prolific and Katahdin are apparently sensitive to chemical treat­
ments and also seem to have a short rest period. 

The behavior of the untreated potatoes in the summer and fnll 
experiments of 1931 affords n fnirly accurnte index of the normal rest 
period of the potnto when held nt temperatures favorable to gel'minn­
tion. It also nffords 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
chlorhydrin treatments thnn from sodium thiocynnnte, but as a rule 
the latter soon caught up and frequently surpussed the former. This 
is rather clearly indicated in figures 2 to 9. 
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TABLE 4.-Varietal responses of potato seed lJicces treated with chemicals to shorten the rest period in 1929 

c Raie of germination In-S! t._cDate Dilte ~ ., ., v•Variety and chemical used CI 0'" .. ., .. ." ." 'r.
treated planled ... ... ... :.. ~ :.. :.. '" :.. :.. :.. '":.. '" :.. :.. '" ~ :.. '" :.. ~ '":.. ~ ~ ... '" :.. ...'" ~ '":-. :.. '" :.. :..i!! .. 8 .. .. '" '" '" '" d .. ." .. .. .. co .. co a: 

." ~ .. .. 
CI e ." ." '0 '0 '" " .:; ~ '0 

<I 
'0 " ." " '0 ." ." " " ." ~ 

0 " " " '" 
,~ ,- 0 "" ., '" .,. ." <=> ,.

u ~ ~ '" ~ :!: ~ ;: '" ~ "";!! '" :l ? Ci ~, '" rt '" ~ ., "" ~ "" ., ~ "" ~ '" ;; '" M M ... M '" ;!l '" ~'" '"'" '"--------1--------------------------------------
Early Ohio: Pet. /lour.,lpd. Pd. Pd. Pel. Pet. Pet. Pel. l'eI. pCI'I}>el. Pel Pel. Pel. Pel. Pel. I'c/. Pet.l'el. Pel. Pel. Pel. Pel. Pet, Pel. Pel. Pel. Pel. I'ci. Pel 

Ethylene chlorhydrln •• Oct. 29 Oct. 30 6 2-1 '" • .... ........ •• ••••• 03 ........ .. 7a .............. \I!J ............... •... 117 •. / ••• 
Sodium thlocyannte......do__ .....do.. _. 1 1 I.... .... ...... ••• .... 3.1 ........... S7 ........ lIa ................... 100 •• .. I ..'j' .. <> .... 
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