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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

FACTORS OF SPREAD AND REPRESSION

IN POTATO WART

By Frreman Weiss, dssociale Pathologis!, and Puruir BriERiey, Assisfont
Pathologist, Office of Vegotable and Forage Diseases, Bureau of Piant Ine
dusgtry
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INTRODUGCTION

Recent investigations in England, Germany, and the United States
have considerably extended the knowledge of the appropriate condi-
tions for infection by the organism, Synclytrium endobioticum
(Schilb.) Pere., causing potato wart, and have indicated the possi-
bility under certain conditions of destroying it in infested soil. The
fact that this disease has been held well in check in the United States
by the methods adopted against it in the several centers of infoction
nas led to diminished interest in its further investigation. The unde-
sirability of maintaining infectious material except within the areas
covered by quarantines Tand even there only within restricted experi.
mental gardens, since cxtermination is sought as the ultimate goal)
has induced the abandonment for the time being of the solution of
several interesting but no longer urgent remaining problems. Certain
data have been accumulated pertain ing to questions which the writers
need not further attempt to answer, but as some of these facts bear
on the official policy (4, 8)* adopted with respect to potato wart, it
is thought best to publish ‘such resulis as seem to warrani tentative
conclusiops.

* Reference is made by ($talio) numbers In parentheses to ‘' Literatare cited,” p. 13,
TE088—28—-.1 1
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MEANS OF DISSEMINATION OF POTATG WART

The predominant rdle of seed potatoes in the dissemination of this

disease has been generally recognized, though usually no distinction
has been mude between tubers which are actuelly infected, but bear
only small, dry, inconspicuous warts and tubers which have escaped
infaction but besr externally particles of infested soil. The dis-
tinction is not & 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 susce tible tubers. In this
way quarantines cen guard against the dissemination of soil that is
known to be infested,hbut in the absence of the culture of susceptible
varieties an index of contamination is lacking.

In the work herein described attempts were made to determine the
actual importance 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
susceptible tuber. The pot experiments were nob sufficiently numer-
ous to demonstrate this means of spread, and a field experiment of
the same nature miscrrried 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 ever pots of clean soil bearing susceptible
plants, but this attempt also failed.

That viable spores may be carried on the surface of tubers is
indicated by the followirt% experiment: At 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 particles
adhering even in the eyes. These tubers later were planted in pots
of steamed soil in the greenhouse, and observations were made on the
development of wart infections. The results are shown in Table 1.

Taprn 1.—Eaxperimeont showing that viable spores of poiaio warl may be carried
on the surface of tubers

Number of infections
Number
HSoed tubers of T
plants Primary iSaoondn:y
i
Visibly Ffected. oo pen o cmmmmeraa o cssmmmmmoomsmesommma oo omness 20 Iy 4
Not visibly 1ofeeted o v cemeeoosammm o mrmmmmmmmmm s s rnan oo 23 I} ! i

Primary infections were those which developed at the eyes of the
seed piece; secondary, those on stoleng or young tubers. ost of the
primary infections originated in the ring of buds =t the base of a
shoot; that is, the primary sprout was not directly infected, even
though it came from an infected eye.

Other experiments showed that when infected tubers wete planted
in either soil or sphagnum they gave rise almost invarisbly to in-
fected plants if the temperature averaged about 15° C. and the pols
were watered frequently. If the temperature ranged from 22° to
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80° C., or if water wag given in only about the minimum quantity
to permit sprouting, normal growth occurred and healthy shoots
developed even from warty eyes. If the entire bud cluster of an eye
was involved in the overgrowth, ususlly no further development
gceurred, but instances of renewal of growth over the entire surface
of the wart were observed,

Other sources of dissemination of the disease are believed to be
(1) manure derived from animals fed on warted potatoes or con-
teminated with infected plant débris and (2} soil which may be
variously carried. Actnal spread of wart by both these means hes
been observed in the infested area around Freeland, Pa. {}). Car-
riage in manure was demonstrated by feeding a goose, a pigeon,
& rabbit, and a cow on infected potatoes and collecting the manure
with as little 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,
The 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
demonstrated 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 renied from the householders
in the mining villages around Freeland, Pa. A. site approximately
114 acres in size was selected in an old pasture which had been partly
under cultivation but was not known to be infested. About 10 cubie
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
covering equivalent to 0.34 of an inch if umformly distributed. In
the same spring about half the area was planted to susceptible pota-
toes. When these were harvested warted plants were found in most
of the susceptibie 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
Inrge proportion of susceptible varieties continued for three more
years. Not unti]l the harvest of 1925 was the soil sofficiently 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
expiains the failure of wart to spread from the infested minin
villages to the surrounding agricultural area, where the culture o
susceptible varieties is carried on under permit and inspection. In
the 15 years which have elapsed since wart was presumably intro-
duged into this region it is unlikely that infested soil has not been
transported on implements, shoes, vegetable containers, ete., to some
of the surrounding farms. TUp to the present time, however; no
infeciions 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 info the quarantined villages.
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VIABILITY OF THE PATHOGENE IN THE DORMANT STATE

VERTICAL DISTRIBUTION OF THE PATHOGENE IN THE SOIL

General considerations lead to the view that resting spores of the
athogene should be found to the depth to which the soil is tilled:
amp?es of soil were taken from » heavily infested plot by 2-inch
intervals 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 cleen oil. nfection developed only from
the 6 to 8 inch layer and at higher levels. '

DURATION COF INFECTIOUSNESS OF 30IL

The observation has been repeatedly made in the writers’ work that
contarainated soil contained in pots and allowed to stand in practi-
cally air-dry conditions remains infectious at least 15 months. Sev-
eral attempts have been made to determine the duration of infectious-
ness in field soil under natural conditions. Thus plots were laid off
at Freeland to receive such surface treatments as bare fallow, turf,
cultivation of nonsolanaceous crops, and constant culture of immunes.
Subjected to unusual vicissitudes ‘. 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-
grehensil’)le, these plots suffered various disturbances and were aban-

oned. A subsequent experiment im which a series of barrels of - :

infested soil was partly sunk in the ground in a fenced inclosure is
still in progress. Half the series is turfed over and half is bare fal-
lowed. Each year 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 Iain in turf for two years since has been found
to be infectious, but a similar plot which was bare fallowed for two
years bore & 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 OF RESTING SPORANGIA IN ARTIFICIAL CONDITIONS

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

2In a pnper recetved after the manuscript for thia bulletin was completed Esmarch (2
haa shown thit n small proportion of sporengla germlnate in the yenr they are forme
after o orest perfod of a few wecks, but others may remain dormant for zt least three
FenTs. ;
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more or less promptly when favorable conditions supervene, irrespec-
tive of the presence of an apprepriate host, though certzin substances
present in Joam and humus are said to stimulate germination. Such
sporangia are quickly excluded from any réle in long’ persistence
of soil contamination. On the other hand, physiologicaliy unripe
gporangia do not respend to favorable conditions for germination
within months of exposure. The factors involved in physiological
ripening are unknown, but Kéhler (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 40 days, irrespective of whether the
temperature during drying was cool or moderate or was periodically
below freezing. Nor does continued storage beyond two weeks affect
the incubation period. An example is shown in Table 2.

TABLE 2--fffeet of siowage conditions on length of the incubation period
following inoculation twiid dry wart materiel

Length of ingubstlon perled after
storage under three Indieated
conditions -

Periad of
storngo Under

At room riodic

lempera- | At 10° Q. reazing !

ture and

thawing

Daya Days Days Days

13 42 43 7

47 47 AT

2% 38 35 a7

| B 5 | 4
P R v a

[ BT L —— —"

When dry wart material is stored for much longer periods it
eventually suffers complete loss of viability. In some cases viability
is lost within two years; in others it is retained at least five years.
For example, a considerable quantity of such material was preserved
in stoppered vials in 1922, the intention being to use it in annual
tests 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 (7), 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
material can not be attributed to the storage conditions. Maist stor-
age would of course be inimical to survival, as was determined with
one batch of material that was kept wet for three months. On the
other hand, 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 indicafes that sporangia
in dry wart material stored in artificial conditions survive aboub us
long as 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 Synchyirium
endobioticum (6) the question of its imgortance in perpetuating wart
infestation in areas under quarantine, despite the prescribed culture
of immune potatoes, hns been of official concern. Tn 1922, results
of field tests carried on for four years in the infested aren at
Freeland, Pa., were published {J1} _ At that_time 98 varieties 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 stimulating adventitious buddin,
from the basal part of the stem by hilling up the soil greatly favore
infection,. Fiefd 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 apparently 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.

Jt has been shown that infection of the potato depends on condi-
tions favorable to its growth (70), and that at a temperature of
16° C., for instance, a higher proportion of infection occurs than at
29° 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 sbout 20
varieties known to be susceptible were all negative when the inocula-
tions were mada 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.

TapLE 5.—Resulls of the expogure of Johtt Baer tomato plants in 8-inoh pols to
potato-wart infeclion

Flanis Susceptible parts
Average tempetature st nlght Treatmont
Exposed | Infected | Exposed | Infecled
Hilled. oo 5 2 19 3
L T L e bl [Nat billed 22720000 5 1 1 2
Hilled. . .. ... 5 5 16 1t
137 B e Not hillad_._ 227 J 5 2 A 2

Tt is evident that infection of tomatoes, as of potatoes, is favored
by a temperature near 15° C. and is vestricted Ey higher tempera-
tures; also that hilling is favorable to infection buf not indispensable.
In a test in which tomato plants were distributed among the house-
holders of one of the villages to grow after their own fashion in gar-
f_ens having a previous history of wart, infection occurred several
imes.
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TamLe 4—8usceptibflity of iomato varicties to potato wavt

{The tests In 1925 wers mada in the greechosse. Tests in othar yeata wero mads 1o the fleld]

Number of plants
Avor-
L1
Variety j3tvat] 1522 1923 1824 1825 1§Genc—
- .- . o {per
Er- | In- { Ex- | In- | Ex- | In~ | Ex | In- { Ex- | In- |contk
posed|fected] posedifected| posedfocted: posed|fectad| posad|leotad.
A e e ————— -] ¢ 10 1 14 ¢ 19 4 ———
Ablantbe Prive_ ..o ofeaen - 18 5 -
Y s memm e im s mm—m e % 4 17 fo N - RO SR S,
Boiglano Extrents Barly. o ocoaaeao| oo I |- [ 1] 2 e
Bolglano Qrand. oo ... L |oaooas . -] 21 L7 (R T
Bonny Best. .o cocceccamcaccaneaas 8 0 5 1 N S . I
Brlmmer. o maa & ... . 20 7 ———-
Buckeye Stato_ o ]eeifoiin . 17 5 .
Burbank.. RS S _ RV RS .
Lefi Tt ot TR & 8. .- —
Oheiic Eerly Jewel ..o oo oo 12 Gl 10 4 -
[S1E0: 1) S ST S 18 | 2 P I |- .
Coroless .. oeccnaean . [ SRS S AR S n .70 R IS,
Crackeringl. .. . 18 3 [ (—
Crimson Cushlon_ .. ... —— 3 {110 PR S i8 61
Duke of York_ .o oo 8 12 5
Dwarf Champlon_ . oo . _ g | A (R R I - o -
Dwart Stone.... .. & i3 [ PR o] L3 I .
Earlinna........ 12 4 14 PR - aaf--
Early Detreit_ 4 4 14 20 SN I S I .
Enrly Michigan 6 b 0 O 27 2 e
Enormous. . I . 13 2 -
Favorite ... oL 20 g 10 2
Freedom__ | 18 302 MR S
- JUUR - 17
20 o
CGolden Queant__.. 3 Q

Greater Baltlmore

Mante Now Lmperial.__
Mlkado (Tarner Hybrid).

Mississtppt CHrl.. R

New Century_ .. ..oo...

Suecess__._
Spperd Salad._..

7 ‘Ton_

Troph oo o cae o

hy.
Triecker Favorita
Yallow Cherry-.

Yeifow Peach. o oocaiion
Yeilow Tonr...

Yellow Plum

Although the overgrowths on tomatoes are usually small, they
oceasionally atiain a size that might be significant in perpetuating
soil contamination (pl. 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
reot infection does not occur (pl. 1, G). This conclusion 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 (pl. 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 testsarenot strictly comparable. Thusin 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 to determine the lethal tem-
peratures for the pathogene under various conditions and its sus-
ceptibility to some of the standard fungicides. Great difficulty was
experienced in obtaining anything like uniform behavior from dif-
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-
iating growing plants, hence the interpretation of the results of
treatment was confidently based on the staining test. In the tests
by the writers the criterion of survival or injury was, respectively,
infection or failure when the treated material was used to incculate
growing plants. This method is admittedzfv open to the objection
that infection depends partly on the condition of the inoculated
plants and on environmental factors, but as an effort was 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

A ‘I‘mn]nm and potato grown together [ solation eidiure, infeeted by inoeileting with pivees nf
frosly warl,

I, Pocion of A, eolirged to show infeetion of an adventitions bl dedicned by UFTOY) Om A
Lonbo seege. e ronts e foee from infection

U Toomt s sluol showing folist infection

1%, Ponvne stem showlog lege wart developing fron an adventivious buel




FAOTORS OF SPEEAD AND REPRESSION IN POTATO WART !

In a few particulars the results here given differ from those of
Glysine, so it is considered desirable to present them, although in
general her results are mors consistent and complete.

EXPERIMENTAL METHODBS IN TESTING RESISTANCE TO HEAT

The wart material used in these tests was collected for the most
fgart 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; in later experiments, 2 to 5 ¢. ¢
In every case like quantities of untreated material were applied to
two or more similar plants as a4 check on the infectiousness of the
noculum and the effectiveness of the test conditions. Susceptible
varieties of potatoes were grown in pots of clean soil in the green-
house until suiteble young stolons and tubers developed. The soil
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 stemneriJ soil. Usually the soil was covered with sphagnum
to keep the surface moist. Inoculations were made immediately
after the exgosure in the case of all treatments with moist heat, and
as soon as the longest treatment was complete in the tests with dry.
heat.

The test material was exposed to the given conditions in open
Petr: dishes, test tubes, or flasks. Temperature control in the ovens
'was poor. The ranges recorded are bused on continuous observations
in the shorter tests and on hourly readingfs during the day for the’
longer periods. The thermometer was placed adjacent to the test
materiathen it was exposed dry and was inserted in the liquid in
the wet treatments. For the test in a saturated atmosphere at 60°
-C., spores were spread in a thin layer in Petri dishes supported over
water and surrounded with wet filter paper within a closed Zlags
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 slporangia.in
dried wart material are shown in Table 5. Two general tendencies
-of importance are evident. The resting sporangia are very resistant
to dry heat, withstanding it 8 to 12 hours at 100° 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 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 134 hours in one test, but in
-cther 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 2 15-minute exposure
at 90° a 135-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.




TasLe 5.—Effect of dry heat and moist keat on the resting sporangia in dried wart material, as indicated by subsequent infectiousness to potato
varieties

] §

[Data.in namber of plants expressed in fractional form: Denominator=plants inoculated; numerator=plants infected]}

Duration of treatment and degree of subsequent infectiotisness

** Temperatitre, potato variety, end date of ;f;g‘{{gg; i
(°C.)

fnoculation 5 4 3 2 13 | 24| 18] 12 (.10

!
days i days days hours| hours| hours] hours

DRY HEAT

‘Dry heat at 100° C.;
American Giant, Jan. 16, 1023 Mar. 14,1823
Australian Blue, Apr. 14, 1923__. ?)
Americar Giant, Dec. 5, 1923. Jan. 11,1924
Early Ohio, Feb: 7, 1024.. Apr. 4,102
Russet Rural, May 7, 1924 June 19, 1924
Triumph, Dec. 3, 1924. . Jan. 20,1925
Triumph, Jan. 28, 1925_. Mar, 21, 1925
Dry heat at 70° C.:
Russet Rural, May 8, 1924_... June 19,1924
Dry beat at 60° C.:
Australian Blue, Apr. 23, 1023...
American Giant, Nov. 15, 1923. .

FEALINOYEDV 0 "IJEA '8 ‘0 ‘99 NILTTINE TVOINHOHL




Duration of treatment and degree of subsequent infecticusnesa

Temperature, potato variety, and date of inoculation
4 | 31 2 0 | 45 15| 1 5 | 2%
hours/hoursihours . ..} min, . { min. . .l min.

MOIST HEAT

Bteam heat, 15 pounds pressure:
American Giant; Jan, 6, 1923 Mar., 4,1923
Australian Blue, Apr. 5, 1923 @
American Giant, Nov. 16, 1923 Jan. 10,1924

Flowing steam at 100° C.:
American Giant, Jan. 8, 1923 ; Mar. 14,1023
Australian Blue, Apr. 5, 1823
American (Giant, Oct, 23, 1923 Dee, 5,1923
American Giant, Nov. 15,1923 Jan. 10,1924
Early Ohio, Jan. 20, 1924 Mar. 25,1924
Triumph, Dec. 3, 1024 Jan. 20,1925
Petoskey, Apr. 4, 1925 May 5,1925

Immersed in water at 70° C.:
Russet Rural, May 7, 1824 .. June 19,1924
Russet Rural, Feb. 3, 1925 Apr. 4,1925
Triumph, Jan. 8, 1926 Feb. 26, 1926

Immersed in water at 80° C.:
Amoerican Giant, Jan. 15, 1923 Mar. 14,1923
Australisn Blue, Mar. 21, 1823 [¢9]
American Giant, Oct. 22, 1923 Dee. 5,1923
Early Ohio, Jan. 18, 1924 Mar, 18,1924
Russet Rural, Apr. 26, 1924 June 19,1024
Triumph, Jan. 12, 1925 Feb. 21,1925
Triumph, Jan. 9, 1026 -..| Feb, 26,1928 {03 0/3

Presoaked in cold water 24 hours, then immersed at 60° C.:

. American Giant, Apr. 3, 1925 May 20,1925 . 0/5

Dry sporangia in saturated atmosphere at 60° C.:
Early Ohio, Jan. 15, 1924 Mar, 18,1924 5/5
Russet Rural, Apr. 26, 1024__. June 19, 1824 - . -
Triumph, Jan. 12, 1925 Feb. 21,1925 3/5

t Maximum 14 pounds; 4 minutes to reach 14 pounds, 1 minute at 14, 2 minutes to f2ll to normal pressure.. Wart moist at top only, dry at bottom at end of test.
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RESULTS OF TESTS WH'H 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 dry inoculum. After the tubers had stuod
over night a fairly thick layer of sporangia still adhered to 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, but enough clung to the eyes
‘to give a satisfactory percentage of infection. Wherever this reethod
was used the checlk lots were treated in like manner but soaked enly
in tap water. It was 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 1mmersed directly in the test solutions and applied 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 treatment
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 sporangis also survived Immersion in 1:1,000
mercuric chloride for 2 and 3 hours, the longest periods tested. In
the last test, April 8, 1925, 25 c. ¢, of dry sporangia was treated in
100 ¢. ¢. of 1: 1,000 mercuric chloride for 3 hours, and the disinfectant
:solution was poured over the stolons at the time of inoculatfion,
Infection resuited in four of five plants,

TanrR 8.—Effect of mercuric chloride and formaldehyde on the resting sporangic
in dried wart molerigl, g indiceled by subsequeni infecilousness to potalo
varietics N

V{In the test of Apr. 3, 1023, the sporangls wero lmmersed directly in the test solutions; in othor tests thin
glue was uzed]

Dwuration of treatment and subzequent infeq-
tlougness
. Strengthf, 2 2 Ug L 30 20
‘Disinfectont, potato warlety, | Date of bar- of disin- houra | hours |bours| hour | min. | min- |Check
and date of inceulation west utes | utes
{ectant
“a = b=l L-Rk-RE-0 k] k=
IR EEEEE R EE
HHEHEHHERBREE
: dlalalg|aidl5|8|4 8|« |g]&14
Mercurle chloride:
Triuma?h, Nov. 8 1023 ____ Tab, 12,1023 | 1:1, 000 |- 5lo 5] 4
Sle Walter Relelgh, Jan, 18,
Ut A Apr. 4,1924 |..... 5|2 6] 8
Russat Rursl, Apr, 5, 1924._| June 1, 1924 500601 51 0
* Trinmph, Qet. 31, 1924 ... Jan. 20,1925 §12|56(1 IO N O I3 I
Amerlean Giant, Apr. 3,
b L T, May 20,1825 S5 4|5 2]F[5 aufan I ) [ R
Po : I SRR 1121, 000 G|3|6|4& 3|51 3
Fprmaldehyda:
Triumph, Mev. 8, 1923 __.. Feb. 11,1824 1:308 5|4 5| 4
Sir Walter Raleigh, Jan. 18, :
1924 e _AFI. 4, 1524 108 515 §| &
Russat Rural, Mar, 8, 1624.| May 20, 1024 1:128 5| C)--- 6| 0
o do_. 108 5|0 i 5| 0

§ Follow!ng presoaking for 24 hours [n tap watet.
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SUMMARY

Viable sporangia of the potato-wart fungus (Synchytrium endo-
biotiowm.) 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-movement of infected or conteminated seed
potatoes in eastern Pennsylvania has effectively prevented the spread
of potato wart into other agricultural 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 stallts. No resistant
variety has been found among the €3 varieties tested.

Resting sporangia were unsble to infect susceptible potatoes after
exposure to moist heat for 814 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 T
days at 60°,

esting sporangia adherent to tubers were not destroyed by ordi-
nary seed disinfection as applied to potatoes.
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