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THE FECT OF VARIOUS HEAT TREATMENTS UION THE VITALITY OF 

SEED POTATOES UPON THE DEVELO}IENT OF POTATO PLANTS 

I NTRODUCTION 

Attention has recently been given to hetireatments 

of seed. potatoes as a possible nieans of controlling a number 

of parasitic diseases. These are diseases caused by or- 

ganisms thatlive on the interior of the potato tuber. For 

organisms that occur ori te surface of the potato, such as 

rhizectonia and scab, chemical treatments have been devised 

which control them very satisfactorily, but these chemical 

solutions are of no value in checking organisms that live 

in thevascular tissue of the potato. These internal or- 

gamisms are so securely out of our reach that we can never 

be sure whether they are present or not in our seed potatoes 

and nothing has ever been found that will kill them. The 

result is that internal diseases have become very common and 

seriously affect both the quality and quantity of many a 

farmer' s potato crop. 

The object of this experiment, therefore, is indirect- 

'y connected with disease control. The ultimate hope is to 

discover a method of applying heat to seed potatoes, so that 

these internal organisms will be killed without injuring the 

germination qualities of the potato or the subsequent growth 

of the plant. 

In speaking of internal potato diseases we have always 
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referred particularly to the common potato wilt, while more 

recently the mosaic disease has exacted large tolls and is the 

subject of vital interest. Although there are other internal 

troubles, none of them are so widely spread and generally in- 

jurious as these two. 

Common wilt, as far as it is known, is not caused by any 

one organism. Fusariuni ysorum is perhaps the most common 

cause, while Verticillium alboatrum, as Professor M. B. McKay 

of the Oregon Experiment Station has pointed out, is respons- 

ible for a large percentage of the trouble in Western Oregon. 

Closely connected with Fusariuit oxysporuzn are s everal other re- 

lated species, whose pathoenicity on the living lant is 

questioned, but they have been definitely proved to be causal 

organisms of dry rots. I refer particularly to Fusarium 

trichothecioides, F, radicicola, F. discolor, and F. eumartil. 

The causal organism of the mosaic disease has not yet 

been isolated, but it has been shown that it is carried over 

from year to year inside the potato tuber. An ultramicro- 

scopic virus is thought to be the organism involved. 

Much credit is due the pathologists who have contribut- 

ed to our knowledge of these diseases and who have worked out 

indirect control measures, although no complete eradication 

has been ssurec±. Constant roguing has been recommended to us 

as the best method. In connection with this method, clean cul- 

tural practices accompanied by a rotation, accomplish a eat 

deal. More recently the matter of selecting disease resistant 
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varieties and strains has been emphasized. MacMillan (1), at 

Idaho, has paid special attention to this phase of the work and 

reports favorable results. 

Heat treatments at the best have only offered a slight 

possibility of control, and no steps have ever been taken to 

compare the effects of different kinds of heat treatments. 

Without giving the subject some thought one may think 

timt potatoes could be heated at various temperatures at dif- 

ferent lengths of time and then we could arrive at a definite 

standard thermal death point. The writer, however, has found 

that this is hardly the case. From all the results that have 

been obtained it has been clearly apparent that the physiolor 

of the potato plays an important role. It not only varies with 

the type of potato used but also with the manner in which heat 

is applied. 

HISTORY OF THE PROBLEM 

The history of the limited subject ttHeat Treatments of 

the Potato" is filled with obscurity. All that we have a 

record of in our literature is a brief note now and again 

stating that such and such a heat treatment has been tried. 

Pethvbridge, while working with Fusarium diseases, evidently 

became interested in heat treatments; for he reports that he 

was able to treat hi potatoes for 10 hours at 46°C in a hot 

air oven without injuring them. 

Edson and Shapovalov in 1019, while working with the 
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tornperture relations of certain potato-rot and wilt-produc- 

ing fungi, paid sone incidental attentionto the heat that the 

potato is capable of standing. In a personal letter to the 

writer, Lr. Edson expresses enthusiasm for heat treatments as 

a possible control of Verticillium alboatruii. He said that 

potatoes were kept with their Verticillium cultures and sur- 

vived, while the myceliurn of the fungus did not. Their ob- 

servations with the Fusariuin diseases did not look so encourag- 

ing, however. 

Since the interesting work of Edson and Shapovalov,nre 

attention has been paid to heat treatments, but very little 
has ever been published either favorably or unfavorably. The 

first direct reference on the subject was found in the January 

number of Phytopathology. This was in the form of a noto from 

Professor F. M. Blodgett of Cornell university. The writer 

immediately corresponded with Professor Blodgett who very kind- 

ly furnished the details of his work. 

Professor Blodgett1 s experiments were all conducted with 

the Bliss Triumph variety and he immersed them directly in a 

hot water bath. He used temperatures ranging between 35 and 80 

degrees centigrade. From his figures he worked out the follow- 

ing formula for the thermal death point: Log1,Y :(-.096 X+ 

6.585.). In this equation X is the temperature in degrees centi- 

grade and Y is the time in minutes. 

Soon after the results of Professor Blodgett' s work had 

been brought to the writert s attention, a note was found from 



the Tasmania Stock and Agriculture Department on heating po- 

tatoes with dry heat. The writer immediately got in touch with 

Hr. H. M. Nicholls, acting director of the Department, nd ob- 

tamed their annual rerorts for 1919-20 and 1920_21(12, 
13) 

Mr. Nicholls has undoubtedly done considerable work on 

comparative heat treatments, but the writer has been unable to 

find out just how extensive this has been. In all his trials 
ho used a homemade apparatus that furnished a dry heat and 50°C 

for 4 hours was considered the standard treatment, Heat was 

furnished from the kerosene burners and the heating process 

is reported to be easily and efficiently performed. 

When we consider the C ausal organisms for potato wilt, 

there is likewise a dearth of informntion. Sorie very splendid 

studies have been made of these organisrs, but none of them 

have been directed toward finding their thermaldeath point. 

So the information that we have to guide us is from an indirect 

source. Edson arid Shapovalov in 1920)made their report on 

the temperature relations of certain potato-rot and wilt-pro- 

ducing fungi. They were primarily concerned with finding the 

maximum and minimum temperature of these organisms in order 

that potatoes might be stored more intelligently. While mak- 

ing these determinations they observed that at certain tempera- 

tures some of the organisms failed to grow at all and were 

finally killed. 
(8) . 

A year later Goss continued this work but paid more 

attention to the humidity of the atmostphere in relation to 
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the temperature. His results show that increasing the humidity 

has the same effect upon wilt-producing organisms as increasing 

the temperature. The difference between a low and a high 

humidity was found to be great enough to make up for a differ- 

ence of 5 to 1C°C difference in the temperature. 

Physiological Studies 

We have no definite studies correlating the physiologic- 

al reactions with heat treatments of potatoes, but we do have 

some wonderful work on the physiology of the potato during 

storage. The writer's attention has been attracted to this 

work more and more as the complications of the problem have 

developed. The work of Bartholomew'was the first great 

work along this line. 

Bartholomew found that blackheart in potatoes may be 

caused by exposing tubers to temperature of 38-45°C for 14 

to 48 hours. He discovered that this trouble was closely tied 

up with ventilation as well as the increased temperature. His 

studies were so thorough that they definitely show that the 

speed of respiration deoends upon the temperature, and when 

this is increased beyond a certain limit oxygen cannot enter 

fast enough to replace the carbon dioxide given off. 

Stewart and ix (l4)f Cornell University followed up 

Bartholomew's experiments and accidently found that by ex- 

cluding the oxygen from rotatoes the same result can be pro- 

duced as by overheating them. 
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PLAN AND SCOPE OF THE INVESTIGATION 

Unfortunately this work can not include a full patholog- 

ical investigation of the problem. That would be entirely 

impossible with the time and materials that have been avail- 

able. It is the purpose of these experiments, however, to 

give the different methods of treating potatoes a thorough 

study. If there is any one method that is the most effective, 

it should be discovered. After this has been found then the 

pathologists may apply it to see if it is of value in con- 

trolling diseases. In making the application they would of 

course have to carry on field, as well as laboratory investi- 

gatioris. 

The work may be conveniently divided into two part8: 

I. Experiments to determine the relative thermal death point 

of the potato, using different kinds of treatments. 

II.Field observations of plants produced from treated seed. 

The experiments planned to determine the thermal death 

point of the potato have been carried on with the following 

purposes in view: 

1. To determine the death point of sound potatoes. 

2. To study the relation between different sizes and 

varieties of potatoes as well as those from 

different sources. 

3. To study the physiological effects of heat treat- 



xnents upon the potato tuber. 

These studies have been extensively carried on with 

both dry and moist heat. Solutions of formalin and corrosive 

sublimate were given a trial, but because of the injuries 

noted they were not followed up as were the other methods. 

In all the trials that have been carried on, careful 

checks have been made on the temperatures of the potatoes 

after they have been subjected to the various treatments. 

Previous to carrying on ex!ensive experiments pre- 

liminary trials were made to determine approximately how much 

heat could be used. This made it possible to centralize the 

subsequent experiments arouid the thermal death point. 

The field experiment was planned so that the effects 

that might be produced upon the subsequent growth of the 

plant could be given a further study after the seed piece had 

received a heat treatment. Careful notes have been taken to 

see if any differences could be determined in the time re- 

quired for germination, and to note whether or not the 

strength of the sprouts were injured. Notes on diseases 

were recorded and all diseased plants were rogued out to pro- 

vent further infection. 



MATERIALS USED 

Vlhen the work was begun in January , 1922, the Bur- 

bank variety was used. All of the first experiments on the 

thermal death point were also made with this variety. Two, 

six and nine ounce tubers were used. 

As soon as an idea was obtained as to what the thermal 

death point with Burbank potatoes was, the Early Oregon and 

cific Vhite Rose varieties were compared with them. These 

potatoes had all been stored by the Experiment Station. 

Well constructed pits were used for this purpose. For the 

field trials that were carried on during the summer of 1922 

good select seec of the Scoth Rural, Early Oregon and Pacific 

White Rose varieties was used. 

The potatoes that were treated during the next year were 

not stored in pits but were kept in an open shed. A little 

frost occurred early in the season, but after one sorting they 

were in excellent condition. Early Oregons, raised on the 

black clay loam soil of the higher lands of the Willamette 

Valley were compared with the other varieties grown on the 

sandy river bottom soils. 

For a water bath the large galvanized iron cans, or- 

dinarily used for storage of cereals, etc., were employed. 

These cans are 26 inches high and hold a little over 30 

gallons. Large Bunsen burners were used to heat them. Heat- 

ing these vats up to the desired temperature was a rather 
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slr process, but when once this was accomplished it was 

an easy matter to keep a constant temperature. After a few 

trials it was soon learned how large a flame was necessary 

to maintain a constant temperature. Then there was practical- 

ly no trouble at all. 

The potatoes were placed in cheesecloth bags which were 

hung in the water. This made it possible to get at them at 

any time with no difficulty. 

A practice was made of stirring the water every five 

minutes, but observations showed that this was quite un- 

necessary. The water, being gradually heated at the bottom, 

must have regulated the temperature because the variation w 

very small. 

The apparatus used for dry heat was of various sorts. 

First, small Sargent ovens were used, but in these only 30 

medium sized potatoes could be heated at a time and the re- 

suits indicate that the heat was not uniformly distributed. 

This was not due to any fluctuations in the heat that was 

being applied, however, but was due to the fact that in ord 

to get a low temperature around 5Q0 C it was necessary to 

throw all the heat upon one permanent coil. This coil is 

somewhat to one side in the oven and the tendency is to over- 

heat the potatoes nearest the coil. The ventilation, however, 

in these ovens is very good so no injury should occur from 

lack of oxygen. 
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The second type of a heater was Fries' electric in- 

cubator, which the Botany Deartment kindly furnished for 

this purpose. These ovens do not heat as fast as the Sargent 

ovens, but they are large, and after one gets them up to the 

desired temperature there is practically no variation if not 

too many potatoes are introduced. The one objection is that 

they are clos ,1 very tightly. It is the opinion of the writer 

that some of the injury that was done was due to this lack 

of oxygen rather than to the actual heat applied. 

The third apparatus discovered, and the one that has 

proved to be by far the best from the operation standpoint, 

was an ordinary homemade germination chamber. The heat is 

easily regulated in this chamber by means of electric light 

globes. A half bushel can be treated at a time with good 

results. 

When the potatoes are first put in, it only takes about 

half an hour for the temperature to become uniform again, and 

with a little watching and adjusting the apparatus is very sat- 

isfactory. The temperature is regular and the potatoes on 

one side are heated just the same as those on the other. Two 

thermometers were used at first, but it was soon found that 

no fluctuations in the temperature occurred. F'urthermore, it 

is an apparatus that any ordinary individual may pattern 

after. In fact it corresponds very closely to the homemade 
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apparatus that Nicholls has used in Tasmania. It illus- 

trates simple principles that may be applied anywhere, 

A further trial was given with the steam heated 

prune drier at the Horticultural Products Building. Here 

the temperature is regulated by steam pipes and the air is 

kept in circulation by an electric blower. This offers a 

very promising means of treating potatoes with heat if it 

should ever become advisable to recommend heat treatments. 

Large quantities can be treated at a time, and the tern- 

perature is uniform from the start. There seems to be 

something penetrating about the heat and the potatoes soon 

come up to temperature. Unfortunately this apraratus was 

available only at the latter part of the planting season 

of the spring of 1922 and only a limited number of trials 

were made. Netted Gem potatoes were used which had been 

rather badly stored so that most of them were killed and the 

field experiment that was anticipated was practically a total 

failure, but enough tubers were taken out to show about how 

long they should have been treated. 

Similar prune driers are to be had in a number of the 

horticultural districts of the state, and if anything can 

ever be made of this work treabnents could easily be put on 

a commercial basis. 
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DESCRIPTION OF TITE (PERI}NTAL WORK 

EXPERIMENTS TO DETEINE THE THERMAL DEATH POINT OF 

POTATOES IERSED DIRECTLY IN A HOT WATER BATH 

Preliminary Tria is 

Preliminary triais were made the first of March, 1922 

to get a rough idea of how high temperature should be used. 

The work of Edson nd Shapovalov indicates that the 

Fusarium and Verticillium organisms may be held in check by 

a temperature of 40° C, so by subjecting them to long treat- 

ments or by using high temperatures, these organisms should 

be killed. 

It was observed that at 45°C the potatoes could be 

treated for about 2 hours, at 50°C for about an hour, and 

at 55°C about 10 to 15 minutes. These were veryrough ob- 

servations and were used only us a guide in knowing how 

severe subsequent trials could be made. 

Experiments With Different Sized Tubers 

In order to determine the effect of size upon potatoes 

imiersed directly ini a hot water bath, Burbanks were used and 

were sorted very carefully. All unsound potatoes were re- 

ected. Each potato was weighed so that all came within one 

ounce of being the desired weight. They were immersed direct- 

'y into the water bath in a cheesecloth bag, a separate bag 

being used for the 2, 6, and 9 ounce sizes. This made it pos- 
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sible for all the potatoes to get exactly the same treatments. 

Although there may have been some experimental error in carry- 

ing on the treatments due to incorrect heating, yet all the 

potatoes were heated exactly the same. This gives us a direct 

comparison between the different sizes. 

The results of these experiments are given in table I. 

Five tubers were used for each trial in each size, and 

the results are given in the table in percentages. After the 

potatoes were treated they were kept for a few days and then 

were planted in eenhouse boxes. These were kept in the base- 

ment of the Agricultural Building where the temperature is 

kept up by steam pipes. 

The records taken were divided into three columns with 

a fourth for remarks. The potatoes that gave just as good 

sprouts as those kept as checks were considered normal. Those 

that for some cause or another appeared to be injured were 

checked in the second column. Those that were unquestionably 

killed by physical injury were placed in the last column. 

A-b the best these figures can be only relative because 

there are no distinct lines where the injury occurs. A potato 

that may look absolutely dead may finally send out sprouts. 

Sometimes these are adventitious but it is impossible to deter- 

mine this in every case, so whenever a weak sprout was found 

on an otherwise normal potato it was checked in the second 

column. 
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It is evident from the table that the results are 

quite variable. More variation occurs than cari be attributed 

to experir.erital error. It is apparent that there must be 

wide differences in the heat that nearly identical potatoes 

can stand. 

Practically no correlation is noted between the size 

of the potato and the heat that it will stand. The varia- 

tions among potatoes of the s ame size are large enough to 

offset what little difference is noted betveen the differ- 

ent sizes. 

It was feared that the limiting factor in wet heat 

treatments would not be due to the heat so much as to the 

fact that there might be a lack of oxygen in the water. 

This fear, however, is largely done away with when we con- 

sider the tremendous differences in the time that potatoes 

can be treated at 45 and 55°C, the average time at 45°C 

being about 2 hours and 30 minutes and at 55° only 8 minutes. 

Although it is expected that the potato will respire faster 

at the higher temperature yet the difference should not be so 

great as the difference represented between 150 and 8 minutes. 

If the injury at 55°C carne from the lack of oxygen, it is 

hardly probable that the treatment at 45 degrees could be 

carried on so long. 



Table I March 

BURBANKS SLIGHTLY SPROUTED IERSED DIRECTLY IN A HOT YATER BATH. 
450 

C or 113° F 

Two Ounces Six Ounce8 Nine Ounces 
Time :Norma :Wekened: : :NorI:eakcn- : :Na-nl:Weak-: 

Treated:Sprouts:Sprouts :i11ed: prai1r:ed :Kil1-:xtuth:ened :Kill- 

: : : :: :Sprout.:ed :: :Spra.ztsed 
2T 

2' 
1O 
20": 

100 
100 

: : 

: : 

:: 

:: 

100 
80 

: 

: 20 
: 

: 

:: 
:: 

loo 
100 

: 

: 

2' 3O': SO : 20 : :: 100 : : :: BO : 20 
2' 40": 60 : 20 : 20 :: GO : 20 : 20 :: 80 : 20 

2' 50": : 100 : :: 20 : 60 : 20 :: : 100 

3' - : : 20 : 80 :: : 60 : 20 :: : 100 
3' 30": - : 20 : 80 :: : 80 :20:: : SO: 

;-_- ,- 

20 
- - -- 

; 

. . - - - _ - - .-,- - -:; 

; 4;-: or117j°F 

---.- - - 

: 

_; _ - _ .-. 
; 

l 

lt 

:1Off: 
2O': 100 

: 

: : :: 100 : : 

:iOd: 
:: 100 : 

1' 30": 60 : 40 : :: 80: 20 : :: 80: 20: 
lt 40": 20 : 60 : 20 :: 60: 40 : :: 40: 40: 20 

lt 50": : 80 : 20 :: : 100 : :: : 100 
2' - : : 100 : :: : 80 : 20 :: : 100 
2' 30": : 40 : 60 :: : 60 : 40 :: : 50 : 20 

I" T 
25":lOO: : ::80:20: ::100: 
35tt: 60 : 40 : :: 100 : : :: 80 : 20 
40": 40 : 40 : 20 :: 40: 60 : :: 20: 80: 
45": : 100 : :: :100 : :: :100: 
50": : 100 : :: : 80 : 20 :: : 100 
60": : lOO : :: : 100 : :: : 80 : 20 

11 2Ott: 
: 80 : 20 :: : 60: 40 :: : : 100 

: : 52°Cor12&°F 
: :: : 

1Ot: 100 : : ::80 ; 20 : :1QO: 
20": 60 : 40 : ::100 : : ::lOO: 
25": 20 : 80 : ::20 : 80 : :: 40: 60: 
30": : 100 : :: 20 : 80 : :: : 100 
4Ott: 

: 80* : 20 :: : 100* : :: : 60*: 40 
50t1: : 40* : 60 :: : 60 : 40 :: : 20*: 80 

- 
: 55° C or 131° F : : : : : : 

5: 
10": 

100 
60 

: : 

: 40 : 

::100 

::60 
: 

: 40 
: 

: 

::].0 
::100: 

15": : 100 : :: :100 : :: 40: 60: 
2O': : 80 : 20 :: : 100 : :: : 100 
251t: 

: 60 : 40 :: : 40 : 60 :: : 80 : 20 
35": : : 100 :: : :100 :: : 100 

* - Very weak. 
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Experiments to study the effect of different varieties. 

The first experiment with different varieties was carried 

on in very much the same way as the one with different sized 

tubers. The results may he seen in table II. Early Oregons, 

Pacific White Roses and Burbanks were compared. 

These experiments were carried on April 15th and leth,1922. 

All of the potatoes were somewhat sprouted, but were carefully 

selected and in every way they were as sound as potatoes this 

time of the year can be expected to be, not having been kept in 

cold storage. Six ounce tubers were used in the case of each 

variety to insure a further uniformity. 

Three cheese cloth bags were provided the same as in the 

previous experiment. Each variety then was kept in its respective 

bag. They were all lowered in the water at the saine time and taken 

out together so that the results should shaw a true relation, 

It will be observed from the table that the differences in 

the thermal death point are not large but the Burbanks tend to be 

a little weaker than the other varieties. Ir' every treatment 

carried on there were some Burbanks that were injured more or less. 

The Early Oregoris and Pacific White Roses stood the heat better but 

the sanie variability in individual tubers is noted as was found in 

the first experiment with different sizes of Burbanks. In fact 

the differences between Early Oreons and Pacific Ïhite Roses are 

not large enough to make up for the individual differences in the 

potato tubers. 
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The fact that the Burbanks were injured iiore in this 

exDeriment tends to strengthen the theory that the first injury 

caused by hot water treatments occurs on the sprouts. These 

potatoes, being all rather badly sprouted, at the time they were 

treated, were injured at an earlier period in the treatments 

than were those that were not so badly sprouted in a previous 

trial a month before. 
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A COPARISON OF VARIETIES I.TERSED DIRECTLY IN A WATER BATH 

45°C - 113°F 

Early Oregon Pacific White Rose Burbanks 

:Time ::Norinal:Weak- :Ki11- :NorxnalWeak- :Kifl-: :Norrnal:Weak- :Ki11 

:Treatr:Sprout:ened :ed ::Spmi*s:ened :ed ::Spirth:ened :ed 
:ed :: :Sprouts: :: :Srouts :: :Srouts: 
:2'ÏOT: 80 : 20 : :: 100 : : :: 60 40 
:2t3O:: 60 : 40 : :: 60: 40 : :: 60 : 40 
:2'40":: :100 : :: 20: 80 : :: 40 : 60 
:3t :: : 20 : 80 :: : 100 : :: 20 : 80 

:3'30":: : :100 :: : 40 : 60 :: : 20 : 80 
-- - ' ' 

: :: 

- -r 

: 

s 4 

:47;°e:or 1lY°F : 

. e 

:: 

4 

: 

:11 :: 100: : :: 8O: 20 : ::80 : 20 : 

:1'20":: 60 : 40 : :: 80 : 20 : :: 40 : 60 
:1140t1:: 20 : 60 : 20 :: 20 : 80 : :: : 100 

:1'50":: :100: :: lO0::: :100: 

: :: : :50°C::or 122°F : :: : 

:2O':: 100: : ::100: : ::80 :0 
: 30":: 80 : 20 : :: 100 : : :: 80 : 20 
:40h1:: 20: 60:20:: 20:80: :: 20:80: 
: 

45It 
: 100 : :: : 60 : 40 :: : 100 

55":: : 100 : : : 100: :: : 60 t 40 
-. 

: :: : : 52°e:or 126°F : :: : 

ï10::l0O: : ::100: : ::60:40: 
: 20" : : 80 : 20 : : : 100 : : : : 40 : 60 

:25":: 40: 60: :: 20:80: :: 20:80: 
: 35":: : 100 : :: : 100 : :: : 80 : 20 - 

: :: : 

- . 

: 550C:or 131°F 

. 

: 

.- 

:: 

- - 

: 

5: 100 : : : : : : 100 : : : : 60 : 40 
8: 60:; 20: 20; :: 80: 20 : :: 60 : 40 

10: 60:: 40: : :: 80:20: :; 20:80: 
15: 20 :: 80 : : :: 40 : 40 : 20 ¡: : 80 : 20 

20: :: 100 : : :: : 100 : :: : 100 

35: :: 40 : 60 : :: :20: 80 :: : 20 : 80 



Experiments in 1923 on sound potatoes. 20 

In January, 1923, after the somewhat discouraging results 

had been noted on the potatoes treated the previous spring, good 

sound potatoes were given a thorough trial. The results of these 

experiments are summarized in table III. 

Early Oregons that were grown on black clay loam soil 

were compared with Pacific \hite Rose potatoes grown on sandy 

river bottom soil. Four ounce tubers were compared with 10 

ounce tubers of the Early Oregon variety while 6 ounce Pacific 

White Roses were selected. This experiment was carried on in 

the same vat and in the same way as those of the previous year 

but the potatoes, after being treated, were put in a homemade 

germination chamber instead of in greenhouse boxes. The chief 

thing that this accomplished was to maintain a good temperature 

in which the potatoes might sprout. It also provided darkness 

so long weak sprouts were sent out. 

The results of this work are interesting in that they show 

how much more severely dormant potatoes can be treated than those 

that have sprouted. This is more significant at the higher tern- 

peratures, however, than it is at the lower ones. At 
450 

c, as 

shown in the table, most of the potatoes are injured at 2 hours 

and 30 minutes, which was considered the point where injury 

ocourred the previous year when slightly sprouted potatoes were 

used At 500 C there is a very marked difference. Nearly as 

much injury was found on the slightly sprouted potatoes after 

30 minutes of exposure as with the dormant ones when they had been 
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exposed for an hour. At 52 and 55° C the difference is still 

greater. In fact the dorw.ant potatoes were injured very little 

more at the end of 30 minutes at 52-r C than those treated in 

1922 at 50° C. 

The evidence at hand brings up a new and interesting nues- 

tian. Everything points to the fact that at the higher texnpera- 

tures, injury ia done to the sprouts first, while at 45° C the 

sprouts are not injured any sooner than the potato tissue. Ob- 

servations of the potatoes treated at 45° C give this theory 

further proof. After receiving this treatment for three hours 

most of the potatoes germinated. Sometimes the sprouts appeared 

rather burnt but they were otherwise nearly as strong as those 

from potatoes kept as a check. Surface injury was very common, 

and peculiar indentations appeared two or three days after the 

treatment. This was apparently due to an injury to the potato 

tissue next to the surface. Many times sprouts would appear in 

spite of this but potatoes having this injury were al] considered 

killed because of the serious nature of the injury. 

The writer believes the explanation for the phenomenon 

noted above, is due to the oxidation of the potato. A careful 

study of the potatoes after they had been treated showed that 

at 55 C the sprouts are soon killed while the potatoes remain 

normal for a considerable length of time. This is never the case 

at 45 degrees. The heat evidently killed the sprouts at 55 

degrees while at 45 degrees the oxygen supply was finally cut off 

or so reduced that it could not enter the potato fast enough 

for its immi;ediate needs. 
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Table III January 1923. 
SOUND DORILkNT POTATOES IMFERSED DIRECTLY IN A HOT WATER BATH. 

450 
c or 113° F 

lo ounces 6 ounces 
4 ounces Early Oregons Early Oregons Pacific White Rose 

Time :Nor- :Weak-: :NorzriI:Weak-: : :Nor-. :Weak- 
Treabmal :ened :Kill-: :routs:ened :Kill-: :rnal :ened :Killed 
ed :Sp'ciSçrouts:ed :: :routh:ed ::Spraits:Sprcits: 
2x10"; lUG : : :: lUG : : :: 100 : 

2'30";80:20: ::lO0: : ::6O:40: 
2'50": 20 : 60 : 20 :: 40 : 60 : :: 20 : 80 
3'lO": :100 : :: : 100 : :: : 100 

80 : 20 :: 100 : :: : 100 
4? :40 :60:: :20:80 :: :40 :60 

- 
-1-y 

; 
47°Crl173°F T 

: 

1'20": 
100: 
100 : 

: : : 100 
: :: 100 

: : 

: : 

: : 

:: 

100 
100 

: 

: 

1'30": 100 : : :: 100 : : :: 100 : 

lt5Ott: 80 : 20 : :: 100 : : :: 40 : 60 
2'lO": 60 : 40 : :: 80 : 20 : :: 60 : 40 
?30": 

-i--- 

: 80 : 20 :: 20 : 80 : :: : 100 
- 

-: : 50°Cor122°F :: : 

20 oo 
: : :: 100 

: : :: loo 
: 3on:loo: 

: ::loo 
: : ::ioo 

: 

40" 8o2o 
: ::ioo 

: : 
ioo 

: 

50" loo 
: : 

ioo 
: : :: 60 

: 
40 

60" 4060 
: 

60 
: 

4O :: 80 
: : 

20 
l'2o"; ;so 

; 
20;; 20 

; 
6o;2o ;; 100 

: : : 2°Cor126°F:: : : 

fO":lOo: : ::loo : : ::100 : 

20": 100 : : :: 80 : 20 : :: : 

25t: loo : : :: : : :: : 

30": 80:20 : :: 60 : 4j: :: 40 : 60 
35": 20:80 : :: 40 : 60: :: 60 : 40 
40": :100 : :: 20 : 80 : :: 40 : 60 
50": - :100 : :: :100 : :: : 100 

: : : 55 C or 131° F : : : 

51T: 100 : : :: 100 : : :: 100 : : 

8": 100 : : :: 100 : : :: 100 : 

10": 100 : : :: 20 : 80 : :: 40 : 60 
12": 20 : 80 : :: 20 : 60 : 20 :: 40 : 60 
15": 60:40 : :: 40 : 60: :: 20 :80 
25": 60 : 40 : :: 20 : 80 : :: : 100 
35": 20 : 80 : :: : 100 : :: : 100 

Note - For some reeson the sprouts seem to come out ad then 
the tips appear burnt. 
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potatoes as corpared with those that. have been allowed 

j sprout. 

In this experiment sound Pacific White Rose potatoes were 

used. Good six to eight ounce tubers were sorted out from the 

general lot in the storage shed on January 3, 1923. bout three 

bushels were picked out in this way and were divided into three 

los. One lot was covered and kept in the shed where the tempera- 

ture is always rather low. The other two lots were taken into 

the laboratory. One was kept ir. the dark, and the other was ex- 

posed to the light in open trays. At the end of three weeks all 

were exposed to the same hot water treatment. 

Those that had been kept in the dark had sprouts about 

one-fourth of an inch long, but none of them were broken off as 

they were in all previous experiments. Those that had been ex- 

posed to the light had sprouts less than half as long, but were 

dark green and were apparently rather tough. Those that had been 

kept in the shed were beginning to show tiny sprouts. 

These three lots were then treated in the saine way as those 

of the two previous experiments, and were then placed in the dark 

to germinate. Trials were made at 45, 50, and 55°C. The record 

of the germinations are given in table IV. 

An attempt was made to take notes just the same as in 

the previous work. A classification was again made as to whether 

the sprouts were normal, weakened, or killed, or whether the 

potato was seriously injured, but it w&s often hard to distinguish 

between normal sprouts and these that were weakened. 



24 
It can be seen from the table that the greened potatoes 

were just as resistant to the freatment as those that had been 

kept dormant. In fact they survived very well at 55°C for 12 

minutes while O per cent of the dormant potatoes were injured 

at this point. 

The table classifies the sprouts of the notatoes kept in 

the dark in the warm laboratory as injured. Even early in the 

period of the heating this is noted. Yet they do not seem to 

be entirely killed any more quickly than those of the other lots. 

A number of the sprouts were bcdly burnt and were black at the 

tips but continued to grow. This also, by the way, often occurs 

with dormant potatoes, as can be seen in plate II. Others seem 

to be killed entirely and all the nourishment goes to another 

eye thst had previously been dormant. 

This is one of the drawbacks to wet heat treatments. 

The eye may finally send out a normal sprout, but if it is going 

to be retarded it means that the bacteria in the soil are going 

to have a better chance to work on the seed piece before the young 

plant gets a start. 
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A CPARISON OF THE EFFECT OF SPROUTING 

Not Sprouted Weak White Sprouts Green Sprouts 

45°C or 113°F 

Tìne : :Norrnal:Vieak- :Kill*:NorrthWeck- :Kill- :Norxnal:Weak- :K[11- 
:Trea:rwts:ened :ed :.Sroutened :ed ::Sprouened :ed 
:ed :: :Sprouts: :: :Sprouts: :: :Sprou: - :2hlO:: 100 : : :: 40 : 60 : :: 100 : 

:2'3O:: 80 : 20 : :: 40 : 60 : :: 100 : 

:2'50":: 80 : 20 : :: : 100 : :: 60 : 20 : 20 
:3'lO":: : 80 : 20 :: : 80 : 20 :: 20 : 80 
3'3O":: : 80 : 20:: : 100 : :: : 100: 

: :: : :50°C::or 122°F : :: : :20:: 100 : :: 80 : 20 : :: 100: 
: 30" : : 100 : : : : 60 : 40 : : : 80 : 20 
: 40":: 80 : : 20 :: : 100 : :: 1CC : 

: 
50t$:: 60 : 40 : :: : 100 : :: 20 : 60 : 20 

: 60":: 20 : 80 : :: : 80 : 20 :: 20 : 80 
:1'2O:: : 80 : 20 :: :100 

-I ê 

: 

s 

:: 
4 

: 80 : 
I S 

20 
__..__r=:;_____. 

: 

i . 

:: 
. 

: 

. 

:550C::or 131°F : :: : 
- 

5: 5": : 100 : : : : 80 : 20 : : : 100 : 

8: 8":: 100 : : :: 60 : 40 : :: 100 : 

10: 10":: 100 : : :: : 100 : :: 100 : 

12: 12":: 80 : 20 : :: : 100 : :: 100 : 

15: 15":: 60 : 40 : :: : 80 : 20 :: 80 : 20 
25: 25":: 20 : 60 : 20 :: : 80 : 20 :: 20 : 80 
35: 35tt 

: 80 : 20 :: : 60 :40:: : 40 : 60 
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Experiments to determine the effect of extremely severe hot 

water treatments upon seed potatoes. 

This experiment was planned in order to study the actual 

killing effect of hot water. In the foregoing experiments the 

treatments were carried on long enough to permanently injure the 

the 
potatoes for seeding purposes but if given enough time/potato 

seems to have some internal force that sends out new sprouts 

providing its tissue is not broken down entirely. 

It was soon observed that in the case of dry heat black- 

heart seemed to be the limiting factor, but no definite idea was 

obtained as to just how the potato is killed in hot water except 

that a few surface injuries had been noted occasionally. The 

results are recorded in table V. 

Six and ten ounce Pacific White Roses and a third lot of 

G ounce Early Oregons were selected for this purpose. The exper- 

iment was run thru at 45 and 50 degrees centigrade. The Early 

Oregoris were sprouted just a little more than the Pacific White 

Roses sc the odds aro slightly against them. 

A glance at the table shows that extreme individual 

variations occurred just the same as in al] previous experiments. 

Very often a tuber was found that was very seriously injured 

while others that received the same treatment were unharmed, 

No particular difference was found in the two different sizes of 

Pacific 'Thite Roses or even between the two varieties. Individual 

differences were greater than either of these. 
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A comparison beteen the two teitperatures is very 

interesting from the standpoint of the effect upon the potato 

tuber. As was noted in previous experiment6 potatoes heated at 

450 
C tend to germinate until the treatnent is carried on so 

long that surface injury occurs. After a treatment of 4j hours 

at 450 C this surface injury was more severe and sonetimee would 

cover the entire tuber. Many times, however, potatoes were found 

to be sprouting in spite of very serious injury. 

In the case of those treated at 500 C the observations 

were a little different. After about an hour's treatment the 

germination is retarded a great deal. At the end of two weeks 

an entirely different death point would have been calculated than 

the one at the end of a month when more adventitious buds would 

be sent out. Some of the sprouts, however, seemed to be entirely 

killed while the potato appeared normal. This has been more par- 

ticularly noted at 550 C, in other trials. When surface injury 

occurred it was a seldom thing to notice any sprouting, while 

this was very common in the case of the 
450 treatment. 

After the two hours of treatment at 500 C nearly the same 

results are observed as at 3 hours at 45 degrees. The surface 

injury even becomes more pronounced. The skin is sunken in and 

when the potato is cut open a layer of dead tissue is seen under 

the epidermis. Sometimes this is hardly noticeable but at the 

longer periods of time it goes deeper until finally it reaches 

the center, as would be expected during the ordinary cooking 

process. 
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Table V January 13, 1923 

THE POINT AT WHICH TUE SPROUTS ARE ABSOLUTELY KILLED ON SOUND POTATOES 

45°C or 113°F 

Sound Pacific White Sound Pacific White Slightly Sprouted 
Rose Potatoes Rose Potatoee Early Oregon Potatoes 

G ounces ):_OUflC85 6 ounces 

Time :: Weak : Noticeable :Tota11y Weak : Noticeab1e:Tota11y: ieak Noticeb1e: Totally 
Treatod::Sprout : Injury :Killed::Sprouts: Injury :Killed::Sprouts: Injury : Killed 

2'::i«T : ¡:100 : : :: 100 : 1 
2' 35" : : loo : : : : 100 : : : : 80 : 20 

3' 5H : : 100 : : : : 80 : 20 : : : 100 : 

3' 30t1 20 : 80 : :: 40 : 60 : :: 20 : 

3t 45fl : : : 60 : 40 : : : lOO : : : : 80 : 20 

4' :: : 20 :80:: : 40 :60 :: : 40 : 60 

4' 30tt : : _____: 
: 100 : : : 20 : 80 : : : : 100 

' ' 

-gr--- : : : fiu 

:: : : : : : 50°C or 122°F :: : 

4O:: 40: 60 : :: : lO : :«80: 20 : 

50" : : : 100 : : : 100 : : : 20 : 80 

60" : : : 80 : 20 : : : 100 : : : : 100 

7O : : : 100 : : : : 100 : : : : 100 

90" : 100 60 : 40 lOO 

130" :: 20 80* :: : 100* :: 40 60* 

150" : 100* :: : 100* :: 100* 

180" : 100, 100'.:: - :100'. 

!. Surface injury or heart rot prevalent. 
*Dead but apparently not affected with heart rot. 
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Potatoes kept in sealed jars for a month also show the 

same injury. This, the writer has found to be the case and 

. . 
(14) 

according to the report of Stewart and ?ix they observed the 

same thing. They succeeded in hastening this injury by sealing 

their potatoes in jars deficient in oxygen. It is quite evident 

therefore that a lack of oxygen is the cause of the injury in the 

case of our hot water treatments. A higher temperature makes the 

potato respire faster so it is quite natural that 50 difference 

would be very noticeable in its effects in hot water treatments. 

Experiments with Corrosive Sublimate. 

Corrosive sublimate is used so extensively for treating 

potatoes that an experiment with it under a higher temperature 

was thought advisable. This experiment is incidental, however, 

because there is no hope of increasing the effectiveness of 

moist heat treatments by adding this chemical. Corrosive euh- 

limate, or mercuric chloride is a compound of a heavy metal and 

for this reason we do not expect it to enter the potato tissue. 

As soon as it would start to do this it would undoubtedly react 

with a number of organic proteins and would neutralize itself 

in this way. In fact we iow that this occurs in the ordinary 

corrosive sublimate treatments because the strength of the 

solution gradually decreases. 

The only hope that using a hot corrosive sublimate treat- 

ment could have would be to increase its effectiveness in treat- 

ing for external diseases. If by using a warm solution the time 

required for treating potatoes for rhizoctonia could be reduced 

it would, ir. certain instances, be a valuable thing to know. 



This of course has its pathological connections which cann 

be considered here, but would be very interesting to know 

about. 

Yvith the materials available it was a very difficult 

task to apply this treatment. First of all the solution wa 

put in a 3 gallon granite kettle to keep the solution from 

reacting with metals and the heat was applied by means of Bun- 

sen burners again. This quantity of solution was so small 

that when potatoes were inserted the temperature inmediately 

fell. Several trials were made before a method was found that 

worked. 

The solution to the problem was finally reached by making 

up an additional solution of the same concentration in another 

granite vessel, which was kept at one side and was not heated. 

Then the Bunsen burners could be turned on quite recklessly 

just as the potatoes were put in and if the temperature got too 

high it was regulated by adding some cold solution. This made 

it possible to carry on the experiment quite accurately, but 

it was a very tedious and tiresome process. 

The first trial was made with Burbanks on 1Tarch 18, 

1922. An attempt was made to get one temperature at 450 e, 

but the thermometer kept going a little higher than this and so 

the original plan was dispensed with and the rest of the time 

the temperature was kept at 4O C. Another trial was repeated 

the same day at 500 C. 

On week later a similar experiment was carried on with 



CORROSIVE SUBLIMATE i - loo PARTS OF WATER. 31 

Burbank Variety. rch 1922. Table VI 
46-° C or 157° F 5Q0 C or 122° F 

TiKe :Norxnal Weakened : : : Time : Normal : Weakened 

Treated:Sprout8:Sprouts : Killed :: Treated : Sprouts: Sprouts : Killed 

£O" 
l'20" 

80 20 

: 40 : 60 : :: 

2O 

30t? : 20 

40 ; 

: 60 : 

- 
20 

1'30" : : 100 : :: 40" : : 100 

1'40" : : 50 : 20 :: 45" : : 50 : 20 

l'5O" : : 100 : : : 50" : : 60 : 40 

2' : 40 60 60" : : 80 : 20 

.cific White Rose Variety 
47-°Corl13°F &°Cor122°F 

1' 40 60 20" 100 

1? 20" : 40 : 60 : 30" 20 : 80 

1' 30" : 100 : :: 40" : 80 20 

1' 40" : 80 20 45" 100 

1' 50" : : 100 :: 50" 100 

2' : 40 60 :: 60" 100 
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the Facific V1hite Rose variety. Temperatures of 47: and 50 C 

were used. The technique of keeping the tenperature constant 

was much better this time, and the writer feels very confident 

of the results which are given in table VI. 

The fact that corrosive sublimate works a havoc upon the 

potato sprouts can be easily seen ir the table. At every treat- 

ment that was tried, except the first one at 50° C with the 

cific ithite Rose variety, there was some injury. At 47°, 

60 per cent of the potatoes were injured within an hour, while 

similar potatoes had just been heated with ordinary 

water at this temperature for an hour and a half without much 

injury. 

There is hardly any difference noted in the final death 

point but the significant thing is that the sprouts are injured 

sooner than they would have been in water. At the more severe 

treatments the same surface identations occurred as they did in 

previous experiments except that they were a little worse. Many 

tubers were injured ir. this way, but still after a month's time 

succeeded in sending out fairly good sprouts. 

Experiments with formalin. 

Formalin, from a chemical standpoint, offers a better 

possibility for being used in connection with a hot solution 

than does corrosive sublimate. It is a compound with a low 

molecular weight, and everything indicates that if any chemical 

will enter the potato tissue this ought to. 



32 a Formerly the standard/240 solution of formalir was used 
i to 

in treating potatoes for scab and rhizoctonia, but after 

thorough pathological investigations corrosive sublimate seems 

to have replaced it. 

The large vats, referred to in the first hot water treat- 

ments, were uced so the difficulties of keeping the temperature 

constant were done away with. One quart of 40% formaldehyde 

solution was added to 40 gallons of water. Two varieties, 

Burbanks and Early Oregons were used. Both were lowered into 

the solution in cheese cloth bags so that the results should be 

uniform. One test at 47--° C and another at 500 C were carried 

on. The re8ults are given in table VII. The work was done on 

January 19, 1922, one day after the corrosive sublimate experi- 

ment. 

Very little difference is noted between the effect of 

formalin solution and the corrosive sublimate but if anything 

the formalin produced worse results at 47 than did the 

corrosive sublimate. ?ost of the sprouts were badly burnt and 

the surface indentations arrear at the more severe treatments. 

Even some of the potatoes taken out before the time 

indicated in the table showed some injury so it appears that 

by using formalin in this way the time that potatoes can be 

heated in hot solution is just about cut in half. The tubers 

are not completely killed much sooner than in pure water but 

the sprouts are injured sooner, and this is the limiting factor 

from the standpoint of seed potatoes. 



FOR!ÍALIN SOLUTION-4% FOP1ÄLIN TO 1000 PARTS OF WATER 

Table VII 47*° C or 1117° F 

Burbanks Early Ore goris 

fiiie :?orma1 : eakened : T TInie : Normal : Weakened : 

Treated :Sprouts : Sprouts : Killed :: Treated : Sprouts : Sprouts :K±lled 

1' 60 40 1' SO 20 

1' 20": 20 : 80 : :: 1' 20" 40 60 

1' 30": : 100 :: 1' 30" : : 80 : 20 

1 40": : 100 : :: lt 40" : 100 

1 50": 80 : 20 :: 1' 50" : 100 

2' : : 100 : :: 2' : : 60 : 40 

2'30": : : 100 :: 2' 30" : : 20 80 

50° C or 122° F 

20"; 80 20 20»; 100 

30": 80 20 : :: 30" : 40 : 60 

40": 20 : 80 : :: 40" : : 100 

50": : 100 : :: 50" : : 100 

60": : 100 : :: 60" : : 80 : 20 

1' 20": : 20 : 80 :: 1' 20" : : 100 
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AN EXPLANATION OF PLATE I 

On plate I aritho-log coordinates are employed to plot the 

thermal death point curves. Curves a, o, and d are plotted from 

the data recorded in the experients. The first one (a) has been 

plotted from consideration of the data given in table I and II. 

Curve e has been tlotted from table III, while d was taken from 

table V and represents the point at which physical injury begins 

to occur. 

The dotted line (b) has been calculated from the data given 

in table III for dormant potatoes, at 47 and 55°C. Theoretical- 

ly, therefore, this line should represent the thermal death point 

of sound potatoes. A glance at the plate, however, shows that 

this approiniately the case. 

The formula used in plotting this line is taken from the 

geometrical equation of the straight line: Y = ini 4. b. In this 

formula in is the slope of the line and b is the projection upon 

theYaxiswhenXisO. 

The equation for this line reads: Log10Y = -.1255X + 

7.9025, in which Y is the time in minutes and X the temperature 

in degrees centigrade. It is seen that the time can be calculat- 

ed from this equation by substituting any temperature value for 

X. Although conditions are always somewhat variable, yet this 

formula may be used for practical purposes in getting an idea as 

to how long a treatment can be carried on at any temperature. 
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DRY IAT EXPERIMTS 

The Preliminary Trial. 

At the time when dry heat treatments were started the 

writer had no idea as to how long the treaent could be carried 

on. The only report that he was familiar with was the one of 

Pethybridge in which he said that he was able to treat his 

potatoes at 46°C for 10 hours. The first apparatus was the 

Sargent ovens ordinarily used for purposes of making gluten 

tests and the like in the laboratory. 

As already explained, these ovens do not furnish us with 

the conditions we want because one side is always hotter than 

the other. Yet it seemed to maintain a very regular temperature 

at 50°C, and iL was thought that by avoiding the potatoes near- 

est the heating coil some preliminary results could be obtained. 

0n3.y about 30 six ounce potatoes could be treated at a time, so 

in order to run the experiment for eight hours, and taking out 

five at the end of each hour, it was necessary to have two 

series of heatings at each temperature. The first was for four 

hours, and the second for eight. This made it possible to have a 

sample at the end of each hour for eight hours. 

After the treatment these potatoes were kept in the labora- 

tory for three days, and were then cut open to see if there were 

any injuries. Two of the tubers recoiving the longest treatment 

had water exuding from their eyes and when they were cut open 

they shows 'olackheart, resembling in every detail the condition 

described by Bartholomew (4, 5 Those that had been placed 
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closest to the heating coil of the oven were avoided in taking 

samples. After the three days in the laboratory these potatoes 

were planted in greenhouse boxes in the dark warm basement. A 

small amount of water was applied and groving conditions were 

at their optimum except for light which is not necessary in this 

work. 

No definite records were taken as to the final condition 

of these potatoes except that with treatments up to 6 hours the 

germination was prtctically 100 per cent and some of the sprouts 

even appeared moro vigorous than those on potatoes which had 

not been treated and were planted for check. All except one 

of the pieoes heated for 8 hours decayed, as did also three of 

the 5 pieces freated for 7 hours. The treatments at and 7 

hours, however, did not appear to be so good because the sprouts 

were less thrifty. 

Although this experiment was very crudely performed it 
was certainly an incentive for more intensive work because of the 

favorable results. Unlike the hot water treatments, which de- 

creased the vitality in most casos, this treatment seemed to 

increase it if anything. 

Heat Experiments in Fries' Electric Incubators. 

The large Fries' electric incubators were looked upon as 

a splendid apparatus after some time had been spent with the 

Sargent ovens, and so they were given a trial on April 3, 1922. 

At first over a half of a bushel of totatoes were treated at 

once, but it was impossible to get the temperature back to 50°C 



within an hour because this largo quantity hid a trcmenduoJ7 

coo1in effect. The first trial was considered a failure, and 

the next tire a smaller quantity of potatoes ws used. The 

temperature was raised to about 55°C before the potatoes were 

introduced, so that the incubator was not cooled off so badly. 

By using this scheme the temperature ws brought back to 50°C 

within half an hour. This gradually increased, however, so a 

little wtohing was essential and the heating was decreased as 

the potatoes approached the temperature of the incubator. 

After the mechanical arrangement of this apparatus was 

finally mastered a lot of 50 six ounce Pacific White Rose potatoes 

was treated. At the end of every hour a sample of 5 tubers was 

taken out and the results, as obtained from subsequent plantings 

in the greenhouse boxes, are given in table VIII. 

Good normal sprouts were sent up by those that had been 

treated 3 hours, but there was a little injury on those treated 

four hours, and considerable injury on the lot treated five 

hours. Even those that were not killed sent out sprouts that 

were somewhat abnormal. 
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COMPARATIVE TRIALS AT 500 C or 122° F MTI-I DRY HEAT. 

Sargent Oven Fries Electric Incubator Electric heated Gerxninator Prune Drier 
Pacific White Rose Fcific White Rose Var- Pacific White Rose Variety Netted Gerne 

Variety iety 
January 21,1923 April 3, 1922 March 4, 1923 Ma 5,1922 

thiie :Normal:Weaken-: : :Norxnal:Weaken-: : :Noiina1:Yeaken-: : :Normal:Weaken-: 
Treat-:rout:ed :Kill- ::Spraxts:ed :Killed::Sprouts:ed :Killed::Sprouts:ed : Killed 
ed :,routs:ed :: :routs : :: :Sprouta : :: :Sprouts : 

i 1O0 : ::iO0: ::100: : ::60;40 
2 :100: : ::100: : ::]O0 : : ::80 : : 20 
3 :80: :20 ::100: : ::80 :20 : ::20 :20 : 60 
4 :60:20 :20:: 80: :20 ::100 : : :: :20 : 80 
5 : 40 : 20 : 40 :: 40*: 20 : 40 ::100 : : :: : : 100 
6 : 20 : : 80 :: 20*: 22 : 60 :: 80 : 20 : :: : : 100 
7 : 20 : 20(): 60 :: : 40 , : 60 :: 20* : 20 : 60 :: : : 100 
8 : : : 100 : 20(') : 80 :: : 20 : 80 : : 

9 : : : :: : :100 :: : : :: 

* Normal but sprouts peculiarly burnt at the tip. 
Accorpanied by surface injury or internal rot. 



Comparison of different methods of appl heat. 

Table VIII gives a comparison of four different methods 

of applying dry heat to potatoes at 50°C. Two of these methods 

were carried on in 1922 and the other two a year later. 

The trial given with the Sargent ovens vms a repetition 

made in January 1923 after considerable experience had been 

gained from the work with them the previous year. Unlike the 

former experiment, however, potatoes were taken from all parts 

of the oven but from five representative places each time. 

Fries' Electric Incubators were not used the second 

year so the results given in this table are taken from the ex- 

perimentz carried on with Pacific White Rose potatoes in April 

1922. 

The trial in the electric heated erminator is one of a 

number that were made with very similar results. The heat was 

regulated by large electric light globes and a half of a bushel 

of potatoes were treated at a time. With a little manipulating 

the temperature was held constant at 50°C. Sound Pacific White 

Rose potatoes were used for this experiment the same as with the 

Sargent ovens. 

The fourth method of heating was carried out in the large 

prune drier in the Horticultural Products building. In this ex- 

periment it was impossible to get typical potatoes to work with. 

Access to the drier was not possible until May 5, 1922 and the 

Netted Gem variety was the only one available. These potatoes ha 

been shipped from Yakiina, Washington. They had been kept in good 

cold storage but were injured considerably. Part of their skin 
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was rubbed off in such a way that it would lead one to believe 

that they had been harvested while immature. It was an ex- 

pensive process to orerate this aparatus for such a small 

quantity of potatoes so that an attempt was made to get a].l the 

data desired in one day. The ultimate aim was to et these 

potatoes heated so that they would do for a field test. In- 

cidentally smples were taken every hour, and later planted in 

greenhouse boxes. These are the results that are given in 

table VIII. 

The figures given in table VIII are significant in that 

they show what can be done with dry heat treatments and the ad- 

vantages of the crude homemade apparatus. 

The methods of taking notes on all potatoes treated with 

dry heat were classified in the same way as they were with the 

wet heat. All the potatoes that sprouted as good or better 

than those keDt as a check were considered normal. Those that 

sprouted but hieh had exhibited an injury of som' kind were 

checked in the second column undr "Sprouts .eakered". All those 

'that were killed were checked in the third coluiïiri. Five tubers 

viere taken out to reoresent each individual treatment and the 

results are riven in t'er cent. Each potato, therefore, represe"ts 

20 per cent just the same as in all the foregoin tables. 

PerhaDs the most significant thing that is noted throh- 

out all the dry heat treatments is the fact that very little use 

has been made of the second column in taking the final notes. 

That is to say: the potato either sprouts normally or else it is 

killed At least this was the way that it has been necessary to 
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consider it. Sometimes sprouting occurs even though blackheart 

is present on the inside of the tuber, so very often, when 

planted in greenhouse boxes apparently normal sprouts vdll ap- 

pear at first. Then the potato will start to decay due to the 

injury incurred during the treatment. Other times the sprouts 

will appear somewhat burned at first, but at the end of month 

they may look just as thrifty as any others. 

Another outstanding feature is the extreme variation be- 

tvreen individual tubers having received precisely the same treat- 

ment. In the case of the treatment carried on in the Sargent 

ovens, of course this is to be expected because one side heats 

more highly than the other, but in the other methods used these 

individual variations can by no means be overlooked. In the 

homemade germinator where the potatoes were suspended on cheese- 

cloth,and by observation with two thermometers placed in differ- 

ent parts of the chamber the temperature was found to be constant, 

there is still decided variation in individual potatoes. The 

table shows that at the end of three hours there was one potato 

that wns seriously injured,while at five hours the germination 

was perfect,and even at seven hours one tuber was capable of 

standing the treathent without injury to the subsequent growbh 

of its sprouts. Never do we observe a definite point that may 

be used to divide the treatment so that on one side it is suc- 

cessful and on the other side a total failure. 

As already mentioned Fries' Electric Incubators were very 

poorly ventilated so it is not so surprising that the results 
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should be as they are. In fact it is even impossible to treat 

potatoes in them as long as in the Sargent ovens. There are 

two doors to these incubators and the inner one is made of 

glass and is lined with an asbestos material in such way that 

no ventilation is provided for. All the evidence indicates 

that at the end of four hours the rapidly restiring potatoes have 

used up most of the oxygen inside the incubator und can no 

longer get it fast enough for their needs. 

An explanation should be offered to explain the results 

obtained in the experiment with the prune drier. In the first 

place the Netted Gems used in this experiment only gayo a germ- 

ination of 70 per cent when not treated at all and planted in 

greenhouse boxes so these results can hardly be compared with 

those of perfectly sound potatoes. Furthermore, the temperature 

was absolutely uniform from the stcrt and the circuinting air 

brought the potatoes up to temperature much quicker than in the 

case of the other methods. 

The surface injuries that occurred when hot water treat- 

ments were used were very seldom observed in these dry heat 

treatments. The typical injury was the coson internal black- 

heart vthich usually occurs in the center of the potato, but may 

go to one side. Once in while a surface injury occurs in con- 

nection with the internal blackheart, but this is the exception 

rather than the rule, 

Furthermore, there is a great deal of difference in the 

different degrees of blackheart that appear. It usually starts 

with just a little black spot in the center. Potatoes having 
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this injury may sprout just as normally as any others. Even 

when the injury is more serious the sprouts may also be normal. 

'Then planted in greenhouse boxes, however, as all were that 

were treated the first year, most of the potatoes showing black-. 

heart decayed, but when only put in the dark to germinate, a 

number of them that were badly affected with blackheart sprouted 

fairlywell. This is accounted for because of the fact that 

they were kept away from decaying bacteria that would easily 

gain a foothold in the injured tissue of the portion of the 

potato showing blackheart. In all cases, hovver, in taking the 

final notes the tubers were cut open, and if blackheart appeared 

the potato s classed as killed in the notes, because under field 

conditions we are sure that this is what would happen in most 

cases. 
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A comparison of different temperatures using dry heat. 

Fries' electric ovens and the large prune drier were the 

only devices used, in which the temperature could be readily 

adjusted at any point desired. The Sargent ovens just happened 

to heat well at 500 C and also in the homemade gerininator a 

variety of temperatures were rather difficult to obtain. By 

changing the heating globes and by putting resistances on the 

wires it was possible to regulate the temperature but this was 

not nearly so convenient as it should have been for an experiment 

of this sort. Yet when once an arrangement was found that gave 

a certain temperature, it could always be depended upon, and 

remained constant except at certain times when something would 

change the current of electricity on the main line. 

Since the homemade gerininator proved to be the best 

apparatus for practical purposes and since it was difficult to 

get a variety of temperatures only four different temperatures 

were used; - 45, 50, 55, and 600 C. 

In this experiment 4 and 10 ounce Early Oregons were used 

and 6 ounce Jcific Ïhite Roses. The Early Oregons were gro'vn 

on heavy black clay loam soil and the Pacific White Roses were 

grown on sandy river bottom soil. All three lots of potatoes 

were heated together, and at the end of every hour five potatoes 

froni each lot were taken out. At 600 C half hour periods were 

used instead of hour intervals. 

The results of these trials are unique, in that they show 

again how important individual variation is. There is some 
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advantage that the 10 ounce potatoes had over the 4 ounce 

tubers in the heat that they were able to stand but the differ- 

ence is very lfttle, as can be seen at all temperatures in 

table IX. This difference is much less than one would expect 

because of the difference in the time that it takes for the 

different sized potatoes to come up to the temperature of the 

heating chamber. Figures are given on this relationship in 

table XI. 

The individual variation also seems to be greater than 

the variation between the two varieties. The Pacific Yhite 

Roses seem to be somewhat more resistant to the heat on the 

average but if individual cases are considered the tendency may 

be reversed. 

At 45° C heating was continued for 7 hours with very 

li tie damage. Then injury began to appear but hever on the 

whole lot at once. As shown in the table, one tuber sprouted 

after having been treated for 14 hours. 

At 500 C the results indicate that a 4 hour treatment was 

safe although a slight amount of tip burning was observed. In 

fact the results at 5 hours were entirely satisfactory with the 

exception of two tubers that developed blackheart. Although 

they germinated, they were considered killed because they would 

have rotted in the soil. 

At 550 C the two hour treatment caused only one case of 

blackheart. At three hours there was only one case of black- 

heart again but there were other slight injuries. At four hours 



very serious injury occurred. 

At CO° C the 10 ounce and 6 ounce tubers did just as well 

as at 55 degrees. One of the 4 ounce tubers was injured, however. 

At 2- hours the .cific hite Roses were tip burned but serious 

damage occurred on the Early Oregons and at 3 hours all were 

slightly injured. 
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'FECT OF SIZE AND VARIETY IN DRY HEAT TREATMENTS 

45°C - 113°F 

Early Oregons Early Oreons Pacific Vihite Rose 
Ten Ounces Six_Ounces _____________o_u_Ounces 

Time ::Norrnal:Weakon-:Kill-Nounal :Weak-:Ki11:brrrl:Weak-:Kj11- 
TreatedSprits:ed :ed ::Spiwts:ened ed :Sprcut:ened :ed 

:: :Sprouts: :: :it: :: :Spxrth: 
- 

-gr-- 
: : 100 : : : : loo : : : : 100 : 

6' : : 80 : 20 : : : 100 : : : : 100 : 

7' :: 60* : 40 : :: 100 : : :: 60*: 40 
8' :: 100* : : :: 80* : 20 : :: 40*: 60'. 
lot :: 4Q* : 6O : :: 80* : : 20 :: 40*: 4O : 20 
11' :: 20* : 4O : 20 :: 60* : 4O, : :: 20*: : 80 
12' :: : 40 : 60 :: : :100 :: : :100 
14' :: : :100 :: : 20', : 80 :: : :100 

.. 

:: 

- - . 

: 

---. .- 

:50°C::-122°F: 
.------ . 

: 

.- 

:: 

. 

: 

: : 100 : : :: 100 : : : : 100 : 

3' : : 80 : 20* : : : 100 : : : : 100 : 

4' : : 100 : : : : 80 : 20* : : : 100 : 

5' ::80: :20::80: :20::l0O: 
6' :: 50* : 20* : 20 :: 20 : 40* 20 :: 60 : 20* : 20 
71 

:: : 20* : 50 :: : 2O, : 80 :: : 40* : 60 
8' :: : :100 : 

- 

: 
401, : 60 :: : : 100 

------_;s-- 

- 

:: 

: 

: 

i- : : 

:550C::l31oF: 
: : 

: 

: : 

:: 

! 

: 

iT :: 100 : : :: lOO : : :: 100 : ï 
2' : : 80 : : 20 : : 100 : : : : 100 : 

3' :: 6O:2O:2O::8O:20*: ::lOO: 
4t :: 20: :8o::4O:2O:4O::4O: :60 
5' :: : 2O. : 80 :: : :100 :: : 4O. : 60 
6' :: : :100 :: : :100 :: : 2O : 80 -m- 

:: 

. 

: 

-. .. .--- 

:60°C::-140°F: : 

" 
:: 

- 

: 

1T ::l0O : :T:1OO : : ::iOO: : 

1' 3011 
: : 100 : : : : 100 : : : : 100 : 

2' : : 80 : : 20 : : 100 : : : : 100 : 

2' 3O':: 20 : 4O :40:: 80 : :20::lOo: 
3t 

:: : 60 : 40 :: 60* : 2O. : 20 :: 80*: 2O 

3' 30":: 20 : 80 :: : 20 : 80 :: 40*: 20'. : 40 

:100 :: :1OO:::2O.:8O 
* Tips slightly burnt. 
'. Surface or slight internal injury on the potato tuber. 
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Temperature of the potato at the end of various wet heat 

trAAtrn8r1tR. 

Throughout most of the experiments that have been 

carried on ari extra potato has been taken out at the end of 

each treatment, in which a thermometer was immediately plugged 

and the temperature recorded. The most careful consideration, 

however, was given to this process during the trials with 4 

and 10 ounce Early Oregons in the spring of 1922. The record 

of these observations is given in table X. 

It is not the object of this table to show how long it 

is necessary to heat potatoes to get them up to temperature 

because of the length of time required. The purpose is merely 

to show what the temperature actually was of the potatoes at 

the end of the various treatments that have been carried on. 

The importance of this relationship is easily seen, due to 

the fact that the temperature that the parasitic organisms 

are subjected to is directly dependent upon the temperature 

of the potato and hot upon that of the air or water surrounding 

it. 

The potatoes used were ali very close to the same size, 

in fact all were rejected that did not weigh within an ounce 

of the desired weight, but the variation in shape was a factor 

that could not be controlled. It was found that the time re- 

quired for a potato to come up to the temperature of the bath 
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was dependent upon the external surface that it has. Two 

potatoes, therefore, may be the same weight but one may be 

much flatter than the other which makes a large external 

surface. 

Another experimental error was due to reading the tern- 

perature of these potatoes by plugging a therrnometer in them. 

The cold thermometer perhaps has some cooling effect and it 

usually takes three or four minutes for the nximum tempera- 

ture to be reached and by this time the potato may be cooled 

off a little. 

The data that are given in the table X, therefore, are 

the best experimental results that the writer was able to get. 

What the actual temperatures should have been must be estirnat- 

ed from the data given. 

At 45° C, no particular difference is noted between the 

4 ounce and the 10 ounce ,otatoes. The fact that both gave a 

temperature of 42° C at 2 hours and 10 minutes shows that they 

were both nearly up to the temperature of their bath at that 

o time. The hihet tfmDerature that was obtained was 44 C, 

and at the last period, which was 3 hours and 30 minutes, 

only 43° C was reached in the 4 ounce tubers. Although this 

looks inconsistent it may easily be explained due to the 

cooling of the thermometer and the potato as already mentioned. 

From these observations we can roughly say that potatoes reach 

the temperature of the bath at the end of three hours and 

perhaps nearly reach it at 2 hours. 
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The results at 47O c and 500 C are interesting because 

they show that very few potatoes reach a temperature of 450 

before injury occurs. In previous experiments it was noted that 

in a water bath at 47* injury occurred after a treatment of 3. 

hour and 20 minues, and at this time the temperatures were found 

to be only 44 and 43 degrees C respectively for the 4 and the 

10 ounce potatoes. At 50° C and 55 minutes, which proved to be 

the maximum treatment that could be given without serious in- 

jury, the temperatures were respectively 48 and 45 degrees C 

for the 4 and 10 ounce potatoes. 

At 55 and 57k- degrees C the temperature of the potato 

rises very rapidly as the table indicates. The highest tem- 

perature that was reached was 490 C at which point serious 

injury occurred. 
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TEMPERATURES OF POTATOES AT THE END OF VARIOUS WET HEAT 
TREATTITS 

45°C - 113°F 52°C- 1263°F 

Tinie : 4 ounces: 10 ounces:: Time : 4 ounces : 10 ounces 

-i: : 41 : 38 : : io : : 

1'30": 41 : 40 :: 20": 42 : 37 

2'lO": 43 : 42 :: 25": 43 : 40 

2'30": 42 : 43 :: 30": 44 : 41 

3' : 43 : 44 :: 40": 45 : 44 

3' 10*1 : 44 : 44 : : : 

3'30": 43 : 44 :: : 55°C -11°F 
- __ 

: _ - i _ :: 5: Th5 : 22 

:47*°C or :1171;°F :: 8": 34 : 24 

40" : 43 : : : 10° : 36 : 26 

1' : 44 : 43 :: 12": 36 : 27 

1'20": 44 : 44 :: 15": 44 : 32 

1'30": 45 : 44 :: 25e': 49 : 42 

i'50: 45 : 45 ::: _ : - ___ 
: _ : _ : : : 57°C -135°F 
:5000 or 122°F :: 2": 25 : 24 

20": 42 : 36 :: 4": 27 : 25 

30": 45 : 37 :: 6": 30 : 26 

35": 45 : 39 :: 8": 33 : 25 

40"; 46 : 42 :: 10": 39 : 24 

45": 47 : 42 :: 12": 41 : 28 
551t: 48 : 45 :: 15": 47 : 29 

l'lO": 48 : 47 :: 30": 49 : 33 

30": 51 : 39 
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Temperature of potatoes at the end of various dry heat 

treatments. 

The results given in table XI are also taken from ob- 

servations that were made while treating 4 and 10 ounce Early 

Oregons in the homemade germination chamber. Before these 

potatoes were inserted in this chamber the temperature was 

first regulated at the desired point, and then as soon as the 

potatoes were ut in an extra heating unit was added. This 

was necessary because it was learned by experience that a half 

bushel of potatoes has a tremendous cooling effect upon any 

heating chamber. Even with the extra heating unit it is near- 

ly a half hour before the air in the chamber reaches the 

desired temperature. Then the extra heating unit may be taken 

out and little trouble is experienced in holding the tempera- 

ture at the desired point. This explanation tells us the 

reason why the temperature aDrears to be so low at the end of 

the first hour, as can be seen in table XI. 

A thermometer was plugged in the tubers just the same as 

in the observations taken in the hot water treatments. The 

maximum temperature that it was possible to read was always the 

one recorded. 

It will be observed in the table that there is considerable 

inconsistency in the readings from what we would expect, but 

the shape of the tuber and a small difference in the size as 

explained in the discussion of the hot water treatments may also 

be used to justify this. 
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A general observation of the table shows that the 

temperature of the potato does not change very readily. At the 

o 
end of three hours at 45 C it will be noted that the tempera- 

tures of the four and ten ounce potatoes were 37 and 330 C 

respectively, while in a hot water bath at this temperature, 

table X shows that they were practically at the temperature 

of the water. 

After eight hours of treatment at any of the temperatures 

the potatoes may be considered up to the temperature of the 

heating chamber. At six hours, in the case of the four ounce 

tubers this temperature was practically reached in all cases. 

At 500 it is of interest to note that the 10 ounce potato was 

only heated to 450 c after four hours of treatment. Since 

four hours is as long as potatoes may be treated with entire 

safety it is discouraging, from the standpoint of disease 

control, to note that only a temperature of 
450 

C has been 

retched. 

In the 600 C treatment, 3 hours is the maximum length 

of time that can be used before serious injury occurs, so 

further observations seem quite unnecessary. All the readings, 

however, were continued up to nine hours in order to see just 

when the potato reached the temperature of the air surrounding 

i',. 



Table XI 

TE1VFERATURES OF POTATOES AT THE END OF VARIOUS DRY HEAT 

TREAT1ENTS. 

45 c 500 : C 60° C - 
Time :4 oz.:1O&:4àz:T0 oz:4 oz: lOz. : 4 oz.: 10 oz. 

54 

1' 30 28; 38 36 39 36 38 33 

V ; : 31: 41 ; 38 4]. 40 : 42 40 

3 ; 37 ; 33; 45 ; 43 ; 46 44 ; 48 45 

4' ; 41 38: 49 45 50 48 50 49 

5' ; 43 ; 40; 48 47 54 ; 50 53 ; 51 

6' 44 43: 49 49 53 52 57 52 

7' 45 44, 50 : 48 54 52 : 59 57 

8' : 44:44:49: 49:54: 58 : 60 

9' «:44:49: 50:55; ; 58 59 

45:45:49: 50;54; 55 

11' 4445 i 

(Noto) These figures represent the temperature of the potatoes 
in degrees centigrade at the end of respective treatments. 
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A oornprison between the physio1oìca1 effects of and wet 

heat treatments. 

It is of interest to note that dry heat has an entirely 

different effect upon the potato thon mdt heat. The first big 

difference is that the potuto tissue is injured first in the dry 

heat, and the sprouts are injured first in the wet heat treat- 

inents at any temperature above 45°C. It takes but a very short 

time in hot water for the sprouts to be so affected that germina- 

tion is retarded, nd when the sprouts come out they are peculiar- 

ly burnt at the tips. The result of wet heat at 500 for 40 

minutes upon dormant potatoes can both be seen in the injured 

tubers in plate II and the detail of the sprouts are shown in 

plate III. 

In contrast with these sprouts,are sho in the upper 

pictures of plateau and III, the result of four hours of dry 

heat treatment at 50°C. These sprouts are at least as thrifty, 

if not more so, than those from potatoes that were kept as 

checks and not treated at all. In fact, this is the general 

observation of all of the dry heat treatments. With but very few 

exceptions either normal sprouts occur or else the potato tissue 

is so injured that it decaye or dries up. 

After both the dry or the wet heat treatments have been 

made severe vie very often find that new sprouts replace the ones 

that were originally the strongest, but the important point here 

is that much more time is required for this in the case of those 

potatoes treated with wet heat than where dry heat is used. A 
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tremendous amount of wet heat can be used before the potato is 

entirely killed, but the time required for germination may be 

over a month. 

From a practical standpoint, therefore, the wet heat 

treatments are undesirable because the vitality of the potatoes 

is reduced. This is a thing that would be very detrimental to 

the growin of potatoes commercially because a seed piece that 

is not thrifty is much more apt to be attacked by the injurious 

organisms in the soil. On the other hand, if a seed piece 

sprouts vigorously and quickly the new plant gets a good start 

before any soil infecting organisms get a chance to do damage. 

This can never be overemphasized from the farmers standpoint. 

The nature of the injury done to the potato tissue is like- 

wise very different with dry heat than with wet heat. very 

typical blackheart,as shown in platelV,is produced by dry heat 

treatments. The interior tissue of the tuber is broken dovrn, 

and after standing a few hours it turns pink and then black. 

'uith wet heat this typical blackheart never occurs. Truly the 

tissue is injured, due to the rapid respiration of the potatoes 

and the lack of sufficient oxygen, but the injured tissue is al- 

ways found on the surface of the potato somewhere. It may either 

be at one end or it may occur in spots on the sides, as shown in 

figure IV. his is plainly a physical injury to the potato tis- 

sue just the same as blackheart. With potatoes sealed in air 

tight jars for three weeks practically the saine surface injuries 

are obserred. 
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Another significant and important fact is that with dry 

heat treatments the sprouting can be considered normal as long 

as no bJ.ackheart appears. This makes the treatment much more 

practical. Since blackheart can be seen in potatoes a few hours 

after treating, all injured tubers may be thrown away, while 

cutting them preparatory to planting. All the remiining tubers 

are sure to give good stand. 
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During all the dry heat treatments that have been car- 

ned on it has been observed that sprouting seemed to occur soon- 

er and more vigorously than was the case with r'ottoes kept as 

check. These observations induced the writer to carry oñ an e- 

perirnent to study the effect of such treatments upon the normal 

resting period which all potatoes have. 

For this purpose a bushel of Earliest-of-All potatoes 

were dug August 3, 1922. Thirty tubers were treated in the 

homemade incubator for 4 hours at 50°C. Thistreatment, how- 

ever, proved to be rather severe and some of the tubers were 

badly affected with blackheart, but about 20 seemed to be normal. 

Eyes were also cut fror some of those that appeared to be in- 

jured, and. these were also left to sprout. 

All of these potatoes were then taken to the basement 

of the Agricultural Building where the temperature is favorable 

for grovrth at all times, and both lots of potatoes were covered 

With burlap. Inspections were made every few days to see what 

would happen. 

At the end of two weeks, quite noticeable sprouts were 

found on the tubers that had been subjected to the dry heat. A 

week later the sprouts were nearly half an inch long and then 

they began to grow very fast. During all this time the untreat- 

ed potatoes were absolutely dormant. In fact, they did not 

show any tendency to sprout for about six weeks. 

This experiment was very simple and quite crudely perform- 

ed, but the results are astonishing. The only regret the writer 
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h&s is tlwt more care was not taken to treat these potatoes with- 

out injuring them. Even a number of those which gave thrifty 

t 
sprouts were slighly affected with blackheart, so they would no 

doubt have decayed in the soil, but the fact that they sprouted 

so quickly is a fact worth noting. 

Although no trials such as these have ever been brought to 

the wiiter' s attention he feels that the whole theory can be ex- 

plumed by simply combining the work of Bartholomew'and 

Applan2). Bartholomew proved that the potato respires dur- 

ing storage and the higher the temperature the faster it respires. 

Apnleman, on the other hand, has proved that the resting period 

of potatoes is directly dependent upon their oxidation. He ad- 

vances the theory that a rest period is found in potatoes be- 

cause a certain amount of oxidation is necessary before sprouts 

can be produced. He was able to speed up this oxidation by 

digging his potatoes before the skin became tough and by keep- 

ing them moist in dark place where the temperature is favorable 

for sprouting. Peeling off the skin also accomplishes the same 

thing. 

Certainly we have every reason to believe that the oxida- 

tion of the potato can be speeded up by dry heat treaienta from 

a theorectical standpoint, and the results of these experiments 

very definitely show that the rest period can be reduced in this 

way. Whether this method can be used to replace the method 

recommended by Appleman remains yet to be proved. 



FIELD OBSERVATIONS OF PLANTS PRODUCED FROM TREATED SEED 

The trecment and planting of seed. 

For field experiments, Pacific White Rose, Scotch Rural, 

and Ecrly Oregon varieties were used. A complete series of 

trials were made with Scotch Rurals, while the Pacific White 

Rose and Early Oregon potatoes were used for a check. All of 

these potatoes were quite badly sprouted, having been stored in 

pits in which the temperature was very hard to regulate. How- 

ever, great pains were taken to select good sound potatoes f 

a uniform size between 6 and 10 ounces. Previous to planting 

they were cut in 2 ounce pieces and were coated with lend- 

plester in the usual way. 

Good clean sandy loam soil previously cropped to wheat 

and alfalfa was selected and was put in excellent condition, 

The treatmeniEwere made on April 26 and 27, 1923, and they were 

planted on April 28. The rows were made 3 feet apart, and the 

pieces were planted 18 inches apart in the rows at a uniform 

depth of 5 inches. 

From the trea-ients that were made in the spring of 1922 

a rather definite idea was formed in regard to the heat re- 

quired to kill potatoes. From the observations that were made 

with dry heat, a temperature of 50°C for 4 hours seemed to be 

safe, and with wet heat 47*°C for 50 minutes, or 50°C for 25 

minutes appeared to be satisfactory. 

In these field trials, therefore, the three treatments 

mentioned above were used, and in addition one lot of Scotch 
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rurals were treated for 5 hours at 50 C with dry heat to see 

what the effect would be. 

A discussion of data recorded. 

The first observation that was made after planting was 

the date of emergence. The time when the first leaf appeared 

was used for a guide. The table shows that little difference 

was noted between those treated with dry heat and those kept as 

a check. Yet these figures may be iisleading because consider- 

able difference was noted between the thriftriess of the plants. 

Some of the Scotch Rurals treated for five hours got a poor 

start, but with hardly an exception those treated for four hours 

with dry heat were at the heighth of health and vigor. They pro- 

duced a more luxuriant growth of vines than did those which were 

planted as a check. 

Those treated with wet heat were slow to germinate and 

by digging into some of the hills the writer found tht in some 

cases germination had taken place, but the seed piece decayed 

and the young sprout was unable to get above the ground. 

The figures on the original per cent of stand are quite 

significant because they show that this w.s reduced in all the 

treatments except one, and from the type of seed used it should 

have all been 100 per cent. ¡. partial explanation may be given, 

due to the fact that potatoes showing slight indications of black- 

heart were riot thrown away after treating. The reason for this 

was to show the actual value of theeatment employed. From the 

physiological studies that have been made we may safely assume 
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that all of these potatoes would have sprouted providing they 

could be kept from decaying. 

The mosaic disease appeared in all the rows quite in- 

discrimately. The per cent of wilt in the row planted as a check, 

however, was 24 per cent, or 16 per cent more than in any of the 

other rows. Whether this wilt and mosaic was caused by organisms 

carried over in the seed or from infection in the field is im- 

possible to determine. The plat was situated at the end of a 

large field of potatoes grown by the Experiment Station, and it 

is possible that some of the mosaic disease may have been carried 

by insects, but the wilt must either have been produced from the 

seed or else from organisms that had been living in the soil on 

other crops. 

Every week the plat was inspected and all diseased plants 

were rogued. out in order to prevent the healthy plants from be-. 

coming infected. By taking these measures the writer feels sure 

that the figures giverx in the table indicate that the wilt is 

not entirely controlled by these treatments, although there is 

some tendency toward this end. 

It is interesting to note that in spite of the fact that 

the potatoes were overtreated with wet heat, yet nearly as high 

a per cent of disease occurs in rows planted with this seed as 

in any of the others. 

At the end of the season the rows were all dug and 

harvested separately. The total yields were recorded. From 

these figures the yield per acre was calculated, and from the 



per cent of stand the theoretical yield which we should have ha6 

with 100 per cent stand was calculated. 

It is interesting to note that the Scotch Rurals receiv-. 

Ing the most severe treatment, although slightly injured, gave 

the highest yield per acre or per plant. The row planted as a 

check yielded 52 pounds or just a little less than those which 

had received four hours of dry heat treatment. The yields from 

the rows receiving the wet heat treatments of course show up 

very badly, due to the late start which they got and the poor 

stand. 
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Table XII Field Observations of Plants Produced from Treated Seed. 

: : : Kind : Days :Per cent:Per citPercent:Fina1 peieigE : Welght per 
Variety :Texnper- :Time : of : for : of :Mosaic : Wilt :cent of :Harvest- Acre for 

:ature : : Heat:Sproutirig: Stand : : : Stand :ed :Perfect Stand 

Early Oregons : 
50°c 

: 

' 

: 
D- 27 92 17 

: : 72 : 
62 lb.: 192 bu. 

EarlyOregons 5000 41 Dry 27 95 17 6 72 69lb 208bu. 
Pacific White Rose: 50°C : 4' : Dry : 29 : 98 : 7 : 3 : 88 : 52 lb: 132 bu. 
Pacific White Rose: 5000 : 4' : Dry : 29 : 89 : 6 : 8 : 75 : 70 lb: 195 bu. 
Pacifio White Rose: 50°C : 4' : Dry : 29 : 92 : li : 

- : 81 : 54 lb: 149 bu. 
Scotch Rurals : 50°C : 4' : Dry : 27 : 100 : 34 : 

- : 66 : 61 lb: 164 bu. 
Scotch Rurals : 50°C : 4' : Dry : 27 : 98 : 22 : 6 : 60 : 57 lb: 212 bu. 
Scotch Rurals : 50°C : 5' : Dry : 27 : 98 : 22 : 2 : 74 : 75 lb: 235 bu. 
Scotch Rurals : 50°C : 5' : Dry : 27 : 100 : 21 : 3 : 76 : 83 lb: 244 bu. 
Early Oregons : 47-°C: 50" : Wet : 44 : 25 : 2 : 

- : 23 : 16 lb: 155 bu. 
Scotch Rurals : 47--°C: 50" : Vet : 48 : 8 : 

- 
: i : 7 8 lb: 139 bu. 

Scotch Rurals : 5OC : 25" : Wet : 35 : 50 : 3 : 4 : 43 : 38 lb: 134 bu. 
Early Oregons : 50°C : 25" : Wet : 38 : 52 : i : 2 : 49 : 41 lb: 187 bu. neated : : : : : : : : 

Early Orogons : : : : 29 : 100 : 21 : 24 : 55 : 52 lb: 179 bu. 
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The results of' these experiments lead to the following con- 

clusions: 

1. For dormant potatoes the following formula may be used to 

approximate the time required to do injury to potatoes 

when immersed in a water bath: Log10 Y -.1255 X 4 7.9025, 

in which X is the temperature in degrees centigrade and Y 

is the time in minutes. 

2. Good sound seed potatoes may be subjected to dry heat at 

50° C for 4 hours, at 55° C for 2 hours and at CO° C for 

one hour and 30 inutes,without injuring their vitality. 

3. The thermal death point differs greatly with individual 

potatoes. This is true even with potatoes of the saine size 

and of the saine variety. 

4. Very little difference has been noted between the thermal 

death points of different sizes of potatoes or between 

different varieties. A large potato is much slower in corn- 

ing up to the temperature of its bath. 

5. The sprouts on sprouted potatoes are easily injured in a 

water bath, but if given enough time the eyes seen to send out 

new sprouts to take the place of those that have been killed, 

providing the potato tissue is not injured. 

6. The first injury caused by heating potatoes in a water bath 

occurs on the sprouts except at temrertures below 450 C. 

7. The first injury caused by heating potatoes with dry heat 



usually appears in the form of blackheart on the inside of 

the potato tuber. Potatoes, although badly injured in this 

way may send out normal sprouts. 

8. Field trials show that dry heat may be continued as long as 

blackheart does not appear and the thriftiness of the plants 

is not affected. 

9. Potatoes sprout quicker when subjected to a dry heat treat- 

ment at 5000 for 4 hours than they otherwise would, and 

plants produced from seed treated in this way make a cuicker 

and more vigorous growth. 

10. The rest period of potatoes is very appreciably affected by 

a dry heat treatment at 50° C for four hours. The possibili- 

ty of hastening the rcst period of early potatoes in this 

way in order to plant a second croo the same season looks 

very encouraging. 

li. In the field trial with Earl, Oregons 24 per cent of the plants 

were infected with wilt, while two rows of the same seed treat- 

ed for 4 hours with dry heat produced 3 and G per cent wilt re- 

spectively. 

12. Fifteen plants, or 21 per cent, in the untreated row were infec - 

ed with mosaic, while only one plant was infected with this 

disease in the row treated for 25 minutes at 50° C with wet 

heat. For the two rows of Scotch Rurals treated for 4 hours 

with dry heat, 22 and 34 per cent, respectively, of the plants 

were infected with mosaic, while the same potatoes treated with 

wet heat at 50°C6 per cent of the plants were infected. 
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Upper 

PLATE II 

Longitudinal section of potato tubers showing the 

effect of a hot water treatn:ent for three hours at 50° C. 

It can be seen that the interior of the two tubers at the 

left is not injured. 

Lowe r 

Effect of an eight hour dry heat treatment at 500 C. 

The tubers on the upper row were cut upen two hours previous 

to taking the picture, which made them turn black, vrhile 

those on the lower row of the picture were cut open a few 

minutes before taking the picture. The interior of these 

potatces appears pink but soon turns black when exposed to 

the atmosphere. This is the typical blackheart. 
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pe r 

PLATE III 

Sprouts taken from Pacific White Rose potatoes treat- 

ed for 40 minutes at 5000 in water bath. These potatoes 

were treated four weeks before the picture was taken. 

Lower 

Sprouts fror: Pacific White Rose potatoes four weeks 

after being treated for five hours with dry heat. 
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Upper. 

P L A T E IV. 

Pacific ,'hite Rose potatoes treated for 40 minutes 

at 500 C in a water bath. These potatoes were treated four 

weeks before the picture was taken and were from the same 

lot as those from which the sprouts were taken in plate 

III. 

Lower. 

Pacific Vhite Rose potatoes four weeks after being 

treated for five hours with dry heat. 
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P L A T E V. 

Upper. 

Pacific White Roso potatoes treated with dry heat 

for four hours at 5Q0 C, showing vigorous sprouts. 

Lower. 

Similar potatoes treated with wet heat for two hours 

and 30 minutes at 
450 

C, showing thin weak sprouts. 
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P L A T E VI 

This plate shows the results of hot water treat- 

ments with Burbank potatoes. Each box represents a complete 

trial for a certain temperature. Five tubers were taken out 

at regular intervals of time and were separated by heavy card- 

board in the soil. Provision is therefore made for about 

eight treatments in each box. 

Upper. 

This picture shows the fornialin treatment at 47-°C 

at the left, in comparison with ordinary water bath at this 

temperature on the right. The first treatment, as represent- 

ed by the most vigorous sprouts, was for one hour. 

Lower. 

Left - Treatments at 45° C for periods of time 

ranging between 2 hours and 10 minutes to 3 hours and 30 

minutes. 

Right - Trestxnerts at 50° C for periods of time 

ranging between 25 minutes and i hour and 20 minutes. 
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Upper 

PLATE VII 

Result of treating Burbank potatoes at 52*° C with 

wet heat at periods of time ranging between 10 and 50 mm- 

utes. 1he one vigorous potato in the rear was treated fa' 

30 minutes. 

Lower 

Result of the first trial with dry heat. Burbank 

potatoes were treated at 50° C at periods of time ranging 

between i and 7 hours. 
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P L A T E VIII 

These two pictures were taken of the field trials 

that were made during the swirier of 1922. 

pe r 

A view from the north side of the plat. The four 

rows on the right received wet heat treabnents, end those 

on the left received dry heat treainents. 

Lower 

The sane view from the oprosite side of the plat. 

Here the four rows that received the wet heat treatments 

ere ori the left and those receiving the dry heat treatments 

cre on the right. This picture does not show the true re- 

lationship of the two stands, but it does show the rela- 

tionship between the size of the plants. 
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