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FACTORS OF SPREAD AND REPRESSION

IN POTATO WART 


By FREEMAN 'VEISS, .Associate Patlwlogist, and PHILIP BIUERLEY, .Assist(l!lttPathologi.st, Office of Vegetable anG Farage Disea.ses, Blweau of Plant In.­dustry 
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INTRODUCTION 

Recent investigations in England, Germany, ulnd the United Stateshave considerably extended the knowledge of the appropriate condi­tions for infection by the ol'ganism, Synohyt'ri'U!llb endobioti(Jwn~(Schilb.) Perc., causing potato wart, and have indicated the possi­bility under certain conditions of destroying it in infested soil. Thefact that this disease has been held well m check in the United Statet>by the methods adopted against it in the several centers of infectionhas led to diminished interest in its further investigation. The unde­sirability of maintainin9" infet'tious material exceJ?t within the areascovered by quarantines tand even there only withm restricted experi­mental gardens, since extermination is sought as the ultimate goal)has induced the abandonment for the time being of the solution of~veral interesting but no longer urgent remaining problems. Certaindata have been accUJ,nulated pertaining to questions which the writersneed not further attempt to answer, but as some of these facts bearon the official policy (4, 8)1 adopted with respect to potato wart, itis thought best to publish such results as seem to warrant tentativeconclusions., 
J Reference Is made by (itaUo) numbers In parentheses to ULiteraare c:lte4," p.13.
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MEANS OF DISSEMINATION OF POTATO WART 

The predominant role of seed potatoes in the dissfJInination of this 

disease has been generally recognized, though usually no distinction 

has been made between tubers which are actually infected, but bear 

only small, dry, inconspicuous warts and tubers which have escaped 

infection but bear externally particles of infested soil. The dis­

tinction is not a practical one except in relation to the passive dis­

semination of spores on tubers of immune varieties, since both types , 

of carriage may be presumed to occur on susceI?tible tubers. In this 

way quarantines can guard against the dissemmation of soil that is 

known to be infested, but in the absence. of the culture of susceptible 


varieties an index of contamination is lacking. 

In the work herein described attemI?ts were made to determine the 


actual impodance of spore disseminatIOn in the spread of the disease 


when immune tubers from an infested source were planted in clean 


soil either simultaneously with or followed by the planting of a 

The pot experiments were not sufficiently numer­susceptible tuber.

ous to demonstrate this means of spread, and a field experiment of 

the same nature misCI':!Tied because of a destructive drought. In 

another experiment contaminated tubers were washed, and the wash 

water, in which sporangia of Synchytrium could be detected micro­

scopically, was poured over pots of clean soil bearing susceptible 

plants, but this attempt also failed.
That viable spores may be carried on the surface of tubers is 

indicatecl by the following experiment: ,.1.t harvest 20 tubers were 

selected which bore small, nearly indistinguishable warts and 20 

others from the same hills in which no overgrowths could be detected 

even with a lens. As the soil was fairly dry at the time of digging, 

the tubers came out clean without conspicuously large soil/articles
These tubers later were plante in potsadhering even in the eyes.

of steamed soil in the greenhouse, and observations were made on the 

development of wart infections. The results are shown in Table 1. 

TABLE 1.-E:rperi11Wnt shc;wing that 'Viable Spore.9 of potato wart may be carried 

on the surface Of t'ubers 

Number or Inrectio~
Number 

ISeeu tubers or 

primllry ISecondaIY
___________________J_p_la_nt_s_t__ 

20
Visibly In!ectecL______ _ _ __ ___ ___ ___ _ _ _ ___ _____ ___ ___ _ _ ___ __ _ ___ _ _ ___ 
Not visibly Inrected ___________________ .____________________________ 2) III '

gil 

Primary infections were those which developed at the eyes.of the 

seed piece; f.econdary, those on stolons or young'tubers. Most of the 

primary infections originated in the ring of buds l"t the base of a 

shoot; that is, the primary sprout was not directly infected, even 

thou~h it came from an infected eye. 
Otner experiments showed that when infected tubers wete planted 

in either soil or sphagnum they gave rise almost invariably to in­

fected plants if the temperature averaged about 15° C. and the pots 

were watered irequently. If the temperature ranged from 22° to 
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30° C., or if water was given in only about the minimum quantity 
to permit sprouting, normal growth occurred and healthy shoots 
developed even from warty eyes. Ii the entire bud cluster of an eye 
was involved in the overgrowth, usually no further development 
occurred, but instances of renewal of gr.owth over the entire surface 
of the wart were observed. 

Other sources of dissemination of tha disease are believed to be 
(1) manure derived from animals fed on warted. potatoes or con­
t~minated with infected plant debris and (2) soil which may be 
variously carried. Actual spl'ead of w~\rt by both these means hll.s 
been observed in the infested area around Freeland, Pa. (4). Car­
riage in manure was demonstrated by feeding a goose, a pigeon, 
a rabbit and a cow on infected potatoes and collecting the manure 
with as httIe risk of contamination as possible. This was added to 
pots of clean soil planted to susceptible potatoes. Infection devel­
oped only from pigeon and goose manure, but failure in the other 
cases may have been due to unfavorable experimental conditions. 
'rhe reluctance of these animals to feed upon warty tissue Unmixed 
with bran or other vegetables greatly discounts the importance of 
this factor in spreading the disease. Malthouse (7) had already 
d.emonstrated the carriage of viable wart sporangia in the manure 
of swine. 

A practical experiment on the importance of infected soil in estab­
lishing the disease may be cited. In 1922 need developed for an 
experimental plot. more completely under control than the infested 
gardens which had previously been rented from the householders 
in the mining village!'! around Freeland, Pa. A site approximately 
11,4 acres in SIze was selected in an old pasture which had been partly 
under cultivation but was not known to be infested. About 10 cubic 
yards of surface soil was taken from two gardens known to be heavily 
infested and spread over an area about 80 by 120 feet in extent as a. 
{!overing equivalent to 0.34 of an inch if unIformly distributed. In 
the same spring about half the area was planted to susceptible pota­
toes. When these were har vested warted plants were found in most 
of the susceptible varieties, but only in the late-maturing ones was 
the proportion of infection as much as 5 to 10 per cent. 

All infected material was left in the field, and the planting. of a 
large proportion of susceptible varieties continued for three more 
years. Not until the harvest of 1925 was the soil sufficiently con­
taminated in an area about 40 by 100 feet to assure . reliable variety 
tests, in which half or more of all susceptible plants become warted; 
that is about the proportion resulting from planting contaminated 
seed. 

The slow distribution of the pathogene through soil doubtless 
explains the failure of wart to spread from the infested mining 
villages to the surroun.ding agricultural area, where the culture of 
susceptible varieties is carried on under permit and inspection. In 
the 15 years which hav:e elapsed since wart was presumably intro­
duced into this region it is unlikely that infested soil has not been 
transported on implements, shoes, vegetable containers, etc., to some 
of the surrounding farms. Up to the present time, however, no 
infec~ions have been found in the fields of this farming area. On the 
other hand, the movement of potatoes, whether for table use or seed, 
is exclusively from the farms into the quarantined villages. 
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VIABILITY OF THE PATHOGENE IN ,THE DORMANT ST4TE 

VERTICAL DISTRIBUTION OF THE PATHOGENE IN THE SOIL 

General considerations lead to the view that resting spores of the 
pathogene should be found to the depth to which the soil is tilled: 
Samples of soil' were taken from a heavily infested plot by 2-inch 
in~ervals down to 14 inches deep. Part of each sample was examined 
after it had been shaken up in water and centrifuged fractionally) 
by which means most of the sporangia were recovered in the successive 
top layers. The presence of wart sporangia was demonstrated at all 
depths to and including the 6 to 8 inch layer but not below. Simul­
taneous tests were made, soil samples being used to inoculate suscep­
tible potatoes in plots of clean oil. Infection developed only from 
the 6 to 8 inch layer and at higher levels. 

DURATION OF INFECTIOUSNESS OF SOIL 

The observation has been repeatedly m~de in the writei·s' work that 
contaminated soil contained in pots and allowed to stand in practi­
cally air-dry conditions remains infectious at least 15 months. Sev­
eral a.t.tempts have been made to determine the duration of infectious­
ness in field soil under natural conditions. Thus plots were laid o~ 
at Freeland to receive such surface treatments as bare fallow, turf, 
cultivation of non solanaceous crops, and constant culture of immunes. 
Subjected to unusual vicissitudes ':.1 a situation remote from the 
regular experiment station and with the added handicap of being 
cultivated by foreigners to whom the experimental work was incom­
prehensible, these plots suffered various disturbances and were aban­
doned. A subsequent experiment in which a series of barrels of 
infested soil was partIr sunk in the ground jn a fenced inclosure is 
still in progress. Hal the series is turfed o'ver and half is bare fal­
lowed. Each j'ear potatoes are planted in one barrel of each set. 
Thus far soil that was grassed over 10 months after it last bore a 
warty crop and has lain in turf for two years since has been found 
to be infectious, but a similar plot which was bare fallowed for two 
years bore a healthy crop in the third year. This, of course, is a far 
shorter period than that reported by Schaffnit (9), who found that an 
originally infested field grown to sod gave a warty crop in nine 
successive years when a portion of it was planted to potatoes. 

In 1920 a large sample of infested soil was stored in a covered 
crock. In 1925 it was used to inoculate five pots of potatoes, all of 
which developed wart. 

VIABILITY 01" RESTiNG SPORANGIA IN ARTIFICIAL CONDITIONS 

Although the resting sporangia are apparently incapable of 
~ermination as soon as morphological development is complete, ther-e 
IS considerable evidence that they may be induced to germinate in a 
period much less than the usual dormant interval in nature. Esmarch 
(93) considers a state of physiological ripeness a necessary antecedent 
to germination.2 If the sporangia are in such a state, they germinate 

• In a paper received after the manuscript for this bulletin was completed Esmarch (2) 
has shown thnt a smnIl proportion of sporangia germinate tn the year they are formed 
nfter a rest period of a few weeks, but others may remain dormant for ut least three 
years. 

, 
~ 

• 
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more or less promptly when favorable conditions supervene, irrespec­
tive of the presence of an appropriate host, though certain substances 
present in loam and humus are said to stimulate germination:. Such 
sporangia are quic1dy excluded from' any role in long· persistence 
of soil contamination. On the other hand, physiologICally unripe 
sporangia do not respond to favorable conditions for germination 
within months of exposure. The factors involved in physiological 
ripening are unknown, but Kohler (5) states that neither intermittent 
nor continuous cold has an accelerating effect. 
If fresh warty growths removed from a potato are allowed to dry 

for about two weeks and then used to inoculate growing plants, 
new infections develop in about 10 days, irrespective of whether the 
temperature duri~$ drying was cool or moderate or was periodically 
below freezing. l'lor does continued storage beyond two weeks affect 
the incubation period. An example is shown in Table 2. 

TABLE 2·-Flffect of storage ccmditio1/.s on. length, of tM incubation. period 
follo1mng inoculation 1c·hil. dry wa·rt materia' 

Length of incubation period after 
stornga under three Incllcated 
conditions 

When dry wart material is stored for much longer periods it 

Period of 
storage 

At room 
tempera' 

ture 

I 

At 10· C. 

Under 
r;:rlodlc
reazlng
and 

thawing 

DaV8 DOV8 DOV8 Dov& 
13 43 

47 
43 
47 

47 
47 

I 
I 

24 

39 

57 1 
42 

35 
57 

42 as 
38 

35 57 
57 57 
42 42 

~w.w ________ 

42
J------------ -----------­
1--..----_.. ------------­

. 
eventually suffers complete loss of viability. In some cases viability 
is lost within two years; in others it is retained at least five veal's. 
For example, a considerable quantity of such material was preserved 
in stoppered vials in 1922, the intention being to use it in annual 
t.ests of viability as long as any infection resulted from inoculations 
with it. This material is still infectious, nearly six years after it was 
produced. According to Collins (1), Wilson of Aberdeen carried 
out a similar test and concluded that viability was lost within six 
years, as infection occurred after four years but not after six. 

The difference in viability shown by different samples of preserved 
materinl can not be attributed to the storage conditions. Mvist stor­
age would of course be inimical to survival, as was determined with 
one batch of material tha.t was kept wet for three months. On the 
other hanel, in another test some sporangia were viable after being 
wet for a month and exposed to alternate freezing and thawing. 

The writers' evidence up to the present time indicates that sporangia 
in dry wart material stored in artificial conditions survive about as 
long us those in their natural environment, the soil. 
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THE TOMATO AS A HOST FOR POTATO WART 

Ever since the tomato was shown to be a host of Synchytriwm 
endobioticum (6) the question of its importance in perpetuating wart 
infestation in areas under quarantine, despite the prescribed culture 
of immune potatoes, has been of official concern. In 1922, results 
of field tests carried on for four years in the infested area at 
Freeland, Pa., were publisp~~1-f..- A. t. that. t.llTlA 2R vlI.rieties had. 
been successfully infected with wart, but a number of others had 
escaped infection in one or more trials. It was noted that tomatoes 
generally were less readily infected than potatoes under similar 
environmental conditions, and that stimulatin~ adventitious budding 
from the basal part of the stem by hilling up tIle soil greatly favored 
infection. Field tests were continued for two subsequent years. in 
both of which weather conditions were propitious for wart infec­
tion/ and several varieties which had previously escaped developed 
wart. Only 12 of 65 accessible varieties remained a.pparently re­
sistant. These 12 varieties were subjected to heavy inoculation under 
the conditions that had been found to be most favorable for infec­
tion of tomatoes in the greenhouse, with the result that all proved 
to be susceptible. 

It has been shown that infection of the potato depends on condi­
tions favorable to its growth (10), and that at a temperature of 
15° C., for instance, a highet· proportion of infection occurs than at 
22° to .25°, in agreement with the effect of temperature on the host. 
With the tomato, however, the higher temperature promotes more 
rapid growth. Nevertheless, infection experiments with about 20 
varieties known to be susceptible were all negative when the inocula­
tions were madl) in the greenhouse at the end of May, and the tem­
perature averaged 27° or above for the next two months. In these 
tests plants which had been rooted in 4-inch pots were set in the 
bottom of 8-inch pots filled with infested soil, thus exposing the 
basal three or four nodes to infection. When a similar test with the 
John Baer variety was carried out during the cooler part of the year 
the results were as shown in Table 3. 

TABLE 3.-Re8fJlts of the ea;p08~rfJ Of John Baer tamato pZants in 8~noh potB to 
potato-1vart infection 

Plants Susceptible parts 

Average temperature at night Treatment 
Exposed Infected Exposed Infected 

-----------------------1----------1-------------------­
220 C {HlIled____________ _ 5 2 19 3 

---- ----- --- -----------------------..- Not bllled ________ _ 5 1 4 2 

0 C {Hilled______•______ 5 5 16 1113 ---------------- ..- ------------------- Not billed_ •••• _.•. , 5 2 5 2 

It is {wident that infection of tomatoes, as of potatoes, is favored 
by a temperature near 15° C. und is restricted by hi~her tempera­
tures; also that hilling is favorable to infection but not mdispensable. 
In a test in which tomato plants were distributed among the house­
holders of one of the villa~es to grow after their own fashion in gar­
~ens havi!lg a previous hIstory of wart, infection occurred several 
tImes. 
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TABLE 4.-Su8ceptibUitll of tomato var'ieties to potato tva,·t 

{The tests In 1925 were made In the greenhouse. Tests In other years were made In the field] 

Number or plants 
1-----,------.-------;-----:-----1Aver­

1920 I 1922 1923 I 1924 1925 i~:C-
Variety tlon 
I--~--·I---.---·I--.~------,,---I----.---I(~r 

Ex- In- Ex- In- Ex- In· IEx- In- Ex- In- cen~)!
posed rected posed rected posed Cected· posed rected posed rected 

--------1-----------_1_____ 
Acme............................. 5 0 10 1 14 0 19 • ...... ...... 101 

.Atlantic Prize.................... ...... ...... ...... ...... ...... ...... 18 5 ...... ...... 28. 

Beauty........................... 4 4 17 0 ...... ...... ...... ...... ...... ...... 19 

Bolgiano Extreme Early.......... ...... ...... ...... ...... ...... ...... 20 2 ...... ...... 10' 

Bolgiano Orand.................. ...... ...... ...... ...... ...... ...... 21 6 ...... ...... 29\ 

Donny Hest.. .................... 6 0 5 1 ...... ...... ...... ...... ...... ...... 9' 

fuimmer......................... 6 0 ........................, 20 7 ...... ...... 27 


~~S~~~~~~~:::::::::::::::::: ::::~: ::::~: :::::: :::::: ::::~: :::::: :::~~: ::::~: :::::: :::::: '''i~;
Chnlk Early JeweL ......................,... 12 0 ..,... ...... 19 7 ...... ...... 2Z-

ComeL........................... .. .... ...... 18 1 ...... ...... ...... ...... ...... ...... IF 

Coreless.................. . .................." ...... ...... ...... 23 15 ...... ...... 65 

Crackeriack............... ... ...... ...... ...... ...... 16 5 ...... ...... ...... ...... 31 

Crimson Cushion ....................." ...... 6 0 ...... ...... 18 6 ...... ...... 25-

Duke or york.................... 6 5 ...... ...... 12 5 ...... ...... ...... ...... 55; 


i~f.fi~rg~~JH~~~m~~~~m~~ 1~ ~ :::!~: ::::~: ~~~I;~ ~~~~I~~~~~~ ~~~~~~ mJ~~~~~ ij

Enormous........................ ...... ...... ...... ...... ...... ...... 18 2 ...... ...... It 

Favorite.......................... ...... ...... 5 0 ...... ...... 20 0 10~ 2 6' 

Freedom......................... ...... ...... ...... ...... ...... ...... 19 10 ..... ...... 53" 

Fn.gmore............................................................, 21 17 ...... ...... 81 

Olobe............................ 6 2 26 0 ...... ...... ...... ...... ...... ...... 6 


g~~t~ ~~m~ore:::::::::::::::: ~::::: :::::: ....~.....~. "'ii' ''''4" ... :~.....:. :::::: :::::: ~ 
Hummer......................... ...... ...... ...... ...... ...... ...... 20 10 .........__• 50 

Ignotum.......................... ...... ...... ...... ...... ...... ...... 20 8 ...... ...... 40 

John Daer ........................ 4 4 13 2 ............,...... ...... 10 7 48 


~~~~~~r::::::::::::::::::::: :::::: :::::: ...::.....~. =::::: :::::: ....~.....:. '''i2' ....7· 5~ 
Lorillard __....................... ...... ...... 7 2 15 0 I...... ...... ....... ...... g­

~:rJ.~~~~~~::::=:==::::::::::: ....~.....~. :=:=:: :::::: ...~:. '''i~' :::::: :::::: ~~~~~~ ~~~~~~ ~: 

MaUle New ImperiaL ................................................, 18 1 ...... ...... 6 

Mikado (Turner Hybrid)........ ...... ...... ...... ...... 13 0 19 3 ...... ...... 9 

Mississippi GirL................. ...... ...... ...... ...... ...... ...... ...... ...... 10 5 50' 


~~~o~~~~~~~~::::::::::::::::::: :::::: :::::: ....7· ....0· ...:~.....:.II...i9.....g. :::::: :::::: ~~ 

L~~~~~~~~~~~~~m~~~~~m~~~ :::t :~~I ~m~~ ~~~~~~ ~~m~ ~~~m ~~~~:~ ~~~~:~ ;;;~~; ;;;;;; I

Roo Cherry...................... ...... ...... 14 1 6 1 ...... ...... ...... ...... 10' 

Redlleld Beauty .............._........................... """ ...... ...... ...... 10 6 60 

Red Head ........ _...........__.. 6 4 ..... , ........................ """ ...... ...... 67 

Red Peach ........................................, ...... ...... ...... 22 13 ...... ...... 59 

Red Pear......................... ...... ...... ...... ...... ...... ...... 9 3 ...... ...... 3:! 

Red Rock........................ 6 0 ...... ...... 14 6 ...... ...... ...... ...... 32' 


~:l~~!e~iinner~~:~:::::::::::::: "'"3' "'"3' :::::: :::::: :::::: :::::: :::::: :::::: ... ~~.....~. 1~~ 
Stone............................. 6 6 6 0 14 7 ...... ...... ...... ...... 5()

Success........................... 6 0 7 0 ..........., ........................ """ 


~~~T~~~~~~::::::::::::::::::::: :::::: :::::: ....~.....~. :::::: :::::: "'22' ''''1' ...:~.....~. ~ 
~~~lrF8voriie::::::::::::::::: ....5· ....4· ....~.....~....~~.....~. :::::: :::::: :::::: :::::: ~& 
Yellow Cherry ................... "".. ...... 3 1 .................. "'''' ...... ...... 3ir 


~:!!~: ~rt;~:·:===:::=:::::::::::: :::::: :::::=1==:::: ::=::: :::::=1===::= li ~g :::::: :::::: ~t 
.Although the overgrowths on tomatoes are usually small, they 

occasionally attain a size that might be significant in perpetuating­
soil contamination (pI. 1, D). As in the potato, all parts of the shoot 
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:system are susceptible, the infection of buds, stem internodes, leaves, 
and flowers having been observed; but in the experience of the writers 
Toot infection does not occur (pI. 1, C). This coriclusion is based not 
only on the negative results with soil-grown plants but on the absence 
of root infection when young roots in active growth are exposed in 
solution cultures to inoculation from bits of fresh potato warts, which 
resulted in infection of shoot buds (pI. 1, A, B). 

, A summary of the tomato-infection experiments by years is given 
in Table 4. Owing to varying weather conditions in the different 
years, the tests are not strictly comparable. Thus in 1921 a warm, dry 
year, only one among many susceptible varieties tested developed 
wart, so that no data are shown for that year. On the other hand, in 
1924 infection was as general as it is likely to be in field-grown 
tomatoes. 

In these tests no consistently resistant variety has been found, but 
this does not necessarily imply that, none exists. However, the ab­
-sence of even one immune variety among so large a collection of 
types makes it appear unlikely that wart-resistant tomatoes, com­
parable with immune potatoes, will be found. There is not even 
convincing evidence that differences exist in the degree of suscepti­
bility, although the disparity in the proportion of infected plants 
among the different varieties, when all were grown in the same 
heavily infested garden (as in 1924), where the potato control plants 
were uniformly infected, makes it probable that not all tomatoes are 
susceptible to the same degree. No recommendation can be made 
as to what varieties might safely be permitted under a partial quar­
antine; but it would appear desirable to select those showing the 
least infection, such as Bonny Best, for further trial in the infested 
area. 

SUSCEPTIBILITY OF RESTING SPORES TO HEAT AND 
DISINFECTANTS 

During the time that the field experiments to exterminate wart 
infection within the quarantined area by soil sterilization were in 
progress, laboratory tests were begun t? determi~~ the leth~l tem­
peratures for the pathogene under VarlOUS condItions and Its sus­
ceptibility to some of the standard fungicides. Great difficulty was 
experienced in obtaining anything like uniform behavior from di£.M 
ferent lots of wart material used as the source of resting sporangia 
in heat and chemical treatments, and the experiments covered several 
years. In 1926 Glynne (3) published her researches along the same 
line. She devised a staining technic which greatly expedited the 
determination of the effect of any particular form of exposure on 
the sporangia. The validity of the method was confirmed by inocu­
lating growing plants, hence the interpretation of the results of 
treatment was confidently based on the staining test. In the tests 
by the writers the critenon of survival or injury was, respectively, 
infection or failure when the treated material was used to inoculate 
growing plants. This method is admittedly open to the objection 
that infection depends partly on the condition of the inoculated 
plants and on environmental factors, but as an effort ",as made to 
have these as favorable as possible, the results are thought to indicate 
in the main the functional viability of the sporangia after treatment. 
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POTATO WART ON POTATO AND TOMATO PLANTS 

.\, 'I'oll1nlO und potntll grown tOg,'thH In solntion ('1IIt\ll"" iol"('It'd h~' inoculating wilh pil't"s of 
In'sh wart 

]1. \'ortion of A, ('nlargNI 10 show inl,'clion 01 nn nd\'~nLiLiolls IJlld Cintiicall'd by arrow) 011 n 
tomato S{('JI1.. The rOolS .11"(\ (rl'(' from infection 

C, 'Pomntoshnol sh()wjn~ foliar inf(\l'tion 
ll, ""J'omHto ~t(\111 showing Inrgl' waft tlt\Vl'loping (rom un ndn'ntiliOlls hlld 
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In a few particulars the r'esults. here given differ from those of 
GlYlme, so it is considered desirable to present them, although in 
,general her results are moria consistent and compl~te. . 

EXPERIMENTAL METHODS IN TESTING RESISTANCE TO HEAT 

The wart material used in these tests was collected for the most 
lPart in the field in Pennsylvania, and was dried, ground, and stored 
.dry until required. In the earliest trials each inoculated plant 
:received 1 c. c. of the test material i in later experiments, 2 to 5 c. c. 
In every case like quantities of untreated material were applied to 
:two or more similar plants asa check on the infectiousness of the 
inoculum and the effectiveness of the test conditions. Susceptible 
varieties of potatoes were gl'olvn in pots of clean soil in the green­
house until suitable young stolons and tubcrs developed. The soH 
was then washed away until these parts were exposed, the wart ma­
terial was applied directly as a paste or dust, and the pot was refilled 
with steamed soil. Usually the soil was covered with spha~num 
to keep the surface moist. Inoculations were made immedIately 
after the exposure in the case of all treatments with moist heat, and 
as soon as the longest treatment was complete in the tests with dry. 
.bent. 

The test material was exposed to the given conditions in open 
Petri dishes, test tubes, or flasks. Temperature control in the ovens 
'w,as poor...The ranges recorded are based on continuous observations 
in tha shorter tests and on hourly readin~s durin~ the day for the' 
'longer yeriods. The thermometer was placed adJacent to the test 
materia when it was exposed dry and was inserted in the liquid in 
the wet treatments. For the test in a saturated atmosphere at 600 

·C., spores were spread in a thin layer in Petri dishes supported over 
water and surrounded with wet filter paper within a closed glass 
vessel. In this and the flowing steam tests of up to five minutes' dura­
tion, the treated material appeared dry at the end of the test. 

The results of the tests of the effect of heat on resting sporangia in 
dried wart material are shown in '.rable 5. Two general tendencies 
·of importance are evident. The resting sporangia are very resistant 
to dry heat, withstanding it 8 to 12 hours at 1000 C.and 4 to 7 days 
at 60°, with apparently undiminished viability. On the other hand, 
the dry sporangia are readily killed by mOIst heat. As short an 
·exposure as 21'2 minutes at 100° is uniformly fatal, and apparently 
,a slightly longer exposure at 70° is likewise fatal. At 60° the spores 
withstood exposure to moist heat for 1112 hours in one· test, but in 
-other trials, with equally heavy infection of check plants, the re­
-sistance was less marked. Glynne (3) concluded that sporangia im­
mersed in water are probably all dead after a 5-minute exposure at 
-90°, or an 8-hour exposure at 60°. In so far as they parallel hers, 
the writers' results indicate that the statements of Glynne are very 
conservative. For instance, the writers found no infection resulting 
from material treated for 2 or more hours at 60°, although in sev­
eral tests the control plants became heavily infected. Glynne re­
ported that sporangia exposed dry withstood a 15-minute exposure 
at 90°, a l1'2-hour exposure at 80°, and a 20-hour exposure at 75°, 
the greatest interval tested in each case. The writers data regard­
ing exposures at 100° and 60° indicate that sporangia may survive 
exposures at considerably higher temperatures: 



___________________ 

c 

TABLE 5.-Effect of dry heat and moi8t heat on the re8ting sporangia in dried wart material, as indicated by subsequent infectiousness to potato S 
varieties 

[Data in number of plants expressed in fractional form: Denominator~plants inoculated; numerator=plants infected] 

Temperature, potato variety, and date ot Date of 
inoculation harveat 

~~ 
Dry best at 100· C.:American Giani, Jan. 16, 1923___________ _ 

Australian Blue, Apr. H, 1923___________ _ 
American Giuni, Dee. 5, 1923___________ _ 
Early Obio, Feb. 7, 1924 ________________ _ 
Russet Rural, ?fay 7, 1924______________ _ 
Triumpb, Dec. 3, 1924__________________ _ 
Triumpb, Jan. 28, 1925__________________ _ 

Dry hest at 700 C.:Russet Rural, May 8,1924 _______________ 
Dry bent at 600 C.: 

Australian U1ue, Apr. 23, 1923____________
American otant, Nov. 15, 1923 ___________ 
Eariy Obl~Jun. 23, 1924_________________
Triumph, vee. 6, 1924___________________ 
Triumph, Feb. 2, 1925___________________ 
Triumph, Ian. 9, 1926____________________ 

Mar. 14, 1923 
(1)

Jan. 11, 1924 
Apr. 4,1924 
June 19,1924 
Ian. 20,1925 
Mar. 21, 1925 

June 19,1924 

(7)
Jan. 10.1924 

Mar. 25; 1924

Jan. 20,111",..5 
Mar. 21,1925 
Feb. 26, 1926 

Tempera· I
tU(~Bjge 10 

----I days 

97 -1M 

-------~---~----

~ 
Duration of treatment and degree of subsequent Infectiousness I:Il 

lzlICheck ... 
7 II 5 1 4 3 ~ 136 24 16 112 10 8 6 14 

days days days! days days days hours hours ~:: hours :: bours bours bO~, 

'IIII .j 
0/21 ______ ------ 0/2 j 0/2 0/2 0/2! 0/2 0/2 ------ 0/2 ------ 1/2 ______11/298 -103 ________________________:__________________ j______ 0/2 ______ 0/2 ------ 0/2 ------ 1/2 

!!m,~~!llt!!!~ !!!!~~ ~~~~ill1l1 ~:!~: ~:~;Iil'i~~: ~:~~ :;1:; ~~~ ~Wg~ ~1!g~I~:! 

52 -iIO \------1------ -----­

, ~~. 5 :::::raia- --313­
0/5/ 0/5 ------ ------,------ ------ ------ ------ -----. ------ ------1-----­
~~g. ~ ::::::,:::::r::::l:::::: ::-::- :::::: :::::: :::::: :::::: :::::: 

t~u:!d) 
__ ~ 

~ 7/8
0/3
1/4 ~ 
5/5 


0/10 
 ",8;4/5
5/5 

~ 
0/5 

S'l1/2
4/5 

!10/10 

4/5

5/5

6{6 

~ 
~ ::g 

I 
o 



Dnratlon of treatment and degz88 of subsequent lI!!ectiGUBI1E118 

Tempera., . ICheckTemperature, potato variety, and date of inoculation Date of 
harvft!t °C 4 3 2 90 60 45 30 20 15 10 6 2~ 1 treated)

hours hours hours min. min. min. min. min. min. min. min. min. min.
ture range (un·I I I I I I I I I I I I ~ 

1'3
'--'--'--'--I~-I--'--'--'--'--'--'--'--- o 

MOiST BEAT ~ rn 
oSteaf~ee:l~!5~~~?~f;~~~..................... ..... Mar. 4,1923/••••.••••.•.••••••..••••.••••••••••••••••••••.••,...... .••••• 0/2 0/2 0/2 0/2 7/8 Io.;j


Australian Blue, A r. 5, 1923.......................... (?) .•.•••.••••• •••••• •••••• •••••• •••••• •.•••• •••••• .••••• •••••• •••••• •••••• 0/5 0/6 •••••• 2/5

Flo~;\:':nC;:t~&o~~' 16, 1923......................... Jan. 10,1924 ••••••••••••.•••••••••••••••••••••••••~... •••••• •••••• •••.•. •••••• •••••• •••••• •••••• II/51· 4/5 rn 


American Giant, Jan. 8, 1923......... •..•.••••••.•.••• Mar. 14,1923 100 0/2 0/2 0/2 •••••• 0/2 •••••••••••.•.•.•••••••••••••••••••••••••.- •••••• 7/8

Australian Blue, Apr. 5, 1923.......................... ..•.•••.••.•.•• 100 0/2 0/2 0/5 •••••• 0/5 •••••• 0/2 •••••••••••••••••••••••••••••••••••. 2/5 ~ 

American Giant, Oct. 23, 1923......................... Dec. 5,1923 100 ..•••• •••••. •••••• •••••• 0/5 •••••• 0/5 r 0/5 •••••••••••••••••.•••••••••••• 8M 
 ~ American Giant, Nov. 15, 1923•••••••.••••.•••••••.••• Jan. 10,1924 100 •••••• •••••• •••••• •••••• •••••• •••••• •••••• •••..• •••••. 0/5 0/5 ••••.••••••• 8/H
Early Ohio, Jan. 20, 1924•••••••••••..•••••••••••••••.• Mar. 25,1924 100 •••••••••••••••.••.••••••••••••••••••••••., 0/5 .•.•.• 0/5 0/5 0/5 •••••• 6/5
Triumph, Dec. 3, 1924................................. Jan. 20,1925 100 •••••. ••..•• •••••• •••••• •••••• ••••.• •••••• ••.••• •••••• 0/5 0/6 •••••••••••• 4/6 ~ Petoskey, Apr. 4, 1925................................. May 5,1925 100 .••.•• .••••• •••••• •••••. ••••.. .•.••• •••••• .••••• •••••• •••••• 0/5 0/5 •••••• 5/5 
 t:lImmersed In water at 70° C.: 
Russet Rural, May 7, 1924••••••.•••••••.••.••••••••.. June 19,1924 67-lJ8.5 0/5......1......,......1 0/5/ tJ/5!••••••! 0/5,······1······1······1······1······1······Russet Rural, Feb. 3, 1925•••••••••••••••••.••••••••.•• Apr. 4,1925 65-70 5/5 &l 
Triumph, Jan. 8, 1926••...•.•••••••••••••••••••••••••. Feb. 26, 1926 68-72 :::::: :::::: :::::: ..~!~...~!~. :::::: ..~!~. :::::: g~ ··oj3· ··oj3· .:.~::: :::::: 6/6

Immersed m water at 600 C.: 
American Giant, Jan. 15, 1923••••••••••••••••••••••••• M:ar. 14,1923 7/8 ~ 
Australi&n Blne, Mar. 21,1923 ••••••..••••••••••.••••• (?) ~fg I gfg I:::::: g}~ :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: rn0/2
American Giant, Oct. 22, 1923•••••.••••••••••••••••••• Dec. 5,1923 55-69 ••..•. _..... 0/5 0/5 ••••.• 3/5 •••••• 1/5 •••••••••••••••••••••••• 8/H
Early Ohio, Ian. 18, 1924••••••••••••••••.••••••••••••• Mar. 18, 1924 60(?) ••••••,...... •••••• 3/5 4/5 5/5 •••••.•.•_•••••••••••••••••••••••••••••••• 5/5 S 
Russet Rural, Apr. 26, 1924••••.•.••••••••••••••••••.•. June 19, 1924 0/5 Z 
Triumph, Jan. 12, 1925••••••••••••••••.••••••••••••••• Feb. 21,1925 6/10

Feb. 26,1926 gd~ :::::: ::;{~: g~ g~i I::~~: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: 6/6Pr~~k~r:~l:t~~t~~;'hioiiis:·tiien·hllIDers;iBi·60.-C::· Z 
American Giant, Apr. 3, 1925•••••••..••.••••••••••••••1 May 20,1925 51-61. 5 0/5 ,_ ••••• 0/5 ,•••••• 0/5 0/5 0/5 ,.••••• ,•••••• 3/4

Dry sporangia in saturated atmosphere at 60° C.: 
Early Ohio, Ian. 15, 1924•••••.•••••••••••••••••••••••• Mar. 18,1924 5/5 0/51 5/5 ......,......,_ ...._, ......,......,......,......,...... 5/5··_·········1···_··,······ 

I'd 

Russet Rural, Apr. 26, 1924.••••••••••••.••••••••••..• June 19,1924 55 ••••••.••••• 0/5 0/5 •••••••••••••••••••._••••••••••.•.•••••••••••••••••••• 0/5
Triumph, Jan. 12, 1925•••.••••••••••.•..•••••••••••••• Feb. 21,1925 59-61 •••••.•••: •• 4/5 2/5 3/5 1••••••••.•••••_••••••••••••••••••••••••••••••••• 6/10 ~ 
1 Maximum 14 pounds; 4 minutes to reach 14 pounds, 1 minute at 14, 2 minutes to fan to normal pressure. Wart moist at top only, dry at bottom at end of test. 

~ 
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RESULTS OF TESTS WITH SEED DISINFECTANTS 

Tests of the resistance of dry wart sporangia to mercuric chloride 
.and formaldehyde are summarized in. Table 6. The wart material 
was of the same character as that _used in the heat tests. In 'earlier 
tests inoculation was effected by dipping whole tubers in thin glue, 
then rolling them in the dl'J inoculum. After the tubers had st\Jod 
-over night a faidy thick layer of sporangia still adhered t.o. them.­
'They were next carefully placed in the disinfectant solution for the 
desired interval and then planted. Much of the wart material soaked 
off in the solutions during treatment, hut enough clung to the eyes 

1;0 give a satisfactory percentage of infection. Wherever this method 
was used the chelJk lots were treated in like manner but soaked only 
in tap water. It wns thought that this treatment might afford some 
,of the sporangia a protecting coat of glue and keep the fungicide 
from penetrating them. Hence in the last tests the dry sporangia 
were Immersed directly' in the test solutions and apphed without 
being rinsed to susceptible stolon buds and young tubers. Infection 
·still resulted in nearly all cases. 

The data in Table 6 show that resting sporangia are very resistant 

to both the common-seed disinfectants. They withstood treBtment 

in formaldehyde, 1 part commercial to 96 parts water, for 1 hour, 

the longest period of test. Infection was fully as severe as in the 

untreated check. The sporangia also survived Immersion in 1: 1,000 

mercuric chloride for 2 and 3 hours, the longest periods tested. In 

the last test, April 3, 1925, 25 c. c. of dry sporangia was treated in 

100 c. c. of 1 : 1,000 mercuric chloride for 3 hours, and the disinfectant 

:solution was poured over the stolons at the time of inoculation. 
Infection resulted in four of five plants. 

TABLE 6.-Effect ot mercuric chlorl4e am4 formaldehyde on the restmg sporangia 
in dried wart material, as indicated. by subsequent infectiousness to potato 
varietie8 

f(In the test of Apr. 3, 1925, the sporangia were immersed directly in the test solutions; In other tests thin 
glue was used] 

Duration of treatment and subsequent infec­
tiousness 

DlBInfectsnt, potato "'ariety, Date of har· Stre!lgth ho~ ho~ h~~S h;ur rJPn. ~. Check 

and date of Inoculation vest ~~~~~. utes utes 


Mercuric chloride: 
Triumph, Nov, 8, 1923..... Feb. 1,1923 1:1,000... ... ... ... ...... 5 0 ............ 5 4 

Sir Walter Ralelgh,Jan.18, 

1923...................... Apr. 4,1924 ........................... 5 2............ 5 II 

Russet Rural, Apr. 5, 1924.. June 19,1924 ............... 5 0 5 0 .................. 5 I) 


. Triumph, Oct. 31, 19240.... Jan. 20,1925 ............... 5 2 5 1 .................. 5 4 

American Giant, Apr, 3,

1925...............~...... May 20,1925 ....____ • 5 4 5 4 5 5 ........ __ .1...... 10 \I 
FprmalPegyde:..•..........•..."...do.. __... 11a,000 .................. 5 3 5 51' 5 3 5 3 

Triumph, Nov. 81 1923__... Feb. 1,1924 1:128.____• ' __ ....__ •__ 5 4 __....... __,' 5 4 
Sir Walter Ralelgn, Jan. 18, 

R~:!t·RUi~i,"M8r:·i:i924: ~f:y ~t~ 1~~~ ::: ::: ::: ::: ::: ::: ~ g::: :::1::: ::: ~ g
Do....____....__...__ ....__.do__'_.... 1:\16 •__ ••• _____•••• __• 5 0 "'1__ ' __.... 5 0 

I Following presoaking fo~ 24 hours in tap water. 

http:Ralelgh,Jan.18
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SUMMARY 

Viable sporangia of the potato-wart fungus (SynchY,trium endo­
biotiolllm) may be disseminated on soil adhering to tubers as ordina­
rily handled in commerce, as well as by actually infected tubers~ 
The concomitant transfer of host and parasite is much more effectivE} 
in distributing the disease than the dissemination of sporangia alone; 
hence the quarantine on- I!1ovement of infected or contaminated seed. 
potatoes in eastern Pennsylvania has effectively p:revented the spread, 
of poh.to wart into oth~r agrit!ultural areas. 

Infection of the tomato is favored by the same conditions that, 
make for copious infection of potatoes-temperature near 15° to 18° 
C., frequent wetting, and hilling soil about the stalks. No re!>istant 
variety has been found among th~ e5 varieties tested. 

Resting sporangia were unable to infect susceptible potatoes after 
exposure to moist heat for 2V2 minutes at 100° C., or for 2 hours at 
60° . They resisted dry heat for 10 to 12 hours at 100°, and for 6 to r 
days at 60°. 

Resting sporangia adherent to tubp.rs were not destroyed by ordi­
nary seed disinfection as applied to potatoes. 
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