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SOIL TREATVENTS FOR TZE COLTROL Cr POTATO SCAB

Altho the Actinomyces scab of notatoes is nrobably the oldest
Imown disease of that cron, no very effective methods which have more
than local annlication have been cdevised for its control. lNumerocus
control measures have been recommended, any one of which may be effective
vnder certain conditions. These include the use of recsistant varieties,
clesn or disinfected seed, crop rotation, green manurinz, nhysiologically
acid fertilizers, sulnhur soil treatments, and soil disinfection by
cnhemical means. In addition bacterionhasyr has been susgzested as a

nocsivle means of inribiting the develonment of notato scab.

Review of the Literature on the Control of Pot~to Scab

stant varieties

14

Res

The solution of the notato scab nroovlem may eventually be solved
throuzh the develonment of resistant varieties. Russet Burbanlkc and Russet
Rural, vhich are at nresent our most resistent varieties, 2re sometimes
heavily scabbed. 3Breedinz for scab resistance has teen under wayry in this
country for several years (17, 25, 26). It is to be exnected that procress
will be slow due to the difficulties involved in breeding notatoes (such
as bud abscission, pollen sterility and molynloidy), and because of the
nirn standards of yield and quality set by the nresent commercial varieties,
and the fact that notatoes are attacked by a large number of strains of
Actinomyces which differ widely in their vhysiological characteristics
as pointed out below.

Clean seed and cron rot=tion

The immortance of clean seed and crov rotation has been recoznized
for over a century (69), but even clean seed on virzin soil has wroduced
scabby crons (71, 104). In soils thot are relatively free from nlant

s ~

raethooenic Actinonyces, seed-tuber disinfection will control notato scab;
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but, where the scab orzanisms grow sanronnvtically in the soil, seed
treatment is of 1little or no value (114, 115, 151). In fact, mercurial
seed treatments in some localities increase the severity of the disesse
(22, 35, 134, 136).

There is generally less scab where notatoes are not raised oftener
than every four or five years on a given field. The nathogenic actino-
mrcetes may maintain their existence as sanronhytes in the soil, or, if
civen an onportunity they may attack other crons. Beets (2, 10, g, 97),
turnins, rutabamas and radishes (44, 49, 101) have fremiently been
renorted as beinz suscentible to potato scab. Carrots (58, 76), sweet
votatoes (1, 73, 103, 132), and leeks (10l1) are also said to be narasi-
tized by svecies of Actinomyces. The sequence of non-suscentible crovs
in the rotation may influence the amount of scabbing of potatoes (5, 42).

In selecting crons for rotation with potatoes, the effect of the
rotation unon the yield and quelity of 211 the crors in the rotation
should be considered. Potatoes are relatively tolerant of soil reaction,
the ontimum reaction anparently varyine according to the locality. Most
investigators find that scab causes little damage where the soil reaction
is pH 5.3 or lower. Along the Atlantic seabosrd potatoes are most nro-
ductive on soils with a reaction of »¥ 5.0 to 5.5 (31, 53, 85, 147).

This glves a narrow margin of safety in which a good yield of scab-free
notatoes can be nroduced. On Lonz Island Hardenburg (51) observed that
scab was not sn impvortant factor until the soil pH reached 5.8 or hicher,
thus giving a wider margin of safety there. With reference to this
recion, Hardenburg (52) concluded that "so long as soil orzanic matter
cen be maintained through the use of rsreen manure crons, it is not

always necessary or even desirable to grow crons in an establisnhed rotation'.
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He sugrested two indenmendent rotations, one including notatoes 2long with
acid-tolerant croms such as beans, cereals, cannery crons excent beets,
sovbeans, and alsi%e clover, and the other including crons favored by
soils with a higher reaction such as alfalfa, sweet clover, red clover,
cabbase, and beets. The soil acidity could then be adjusted to suit each
rotation.

ZSer!mer (5) in Germany found that notatoes were most productive
on soils with a reaction of avout »H 6.0 and that scab was less trouble-
some than on more allialine soils. With a view to maintaining a reaction
of sbout but not exceeding vd 6.0 on light, dry soils he sugrcested a
rotation of rye, oats, notatoes, lupines, and serradella.

In recions where the soils are hignly buffered it is not easy nor
always desirable to acidify the soil for potatoes. The yield of votatoes
is not always favored by lowerin~ the soll reaction. Bushnell (15) in
Ohio found little difference in the yield of notatoes due to soil
reaction from pH 5.3 to 8.0, TFurthermore, in Nebraska Goss (42) found
more scab on soils of vi 5.9 than on more alkaline soils. Acidification
of the soil is detrimental to alfa2lfa which cron may be desirable in a
rotation with votatoes. Under dry weather conditions in Michigan, Bird (7)
revorted that hizher yields are generally obtained where potatoes follow
glfalfa then where vpotatoes follow any other cron. Under irrization
conditions in Nebraska Coss (43) found that short rotations and rotations
where beets immediately nrecede notatoes were undesirable, and that longer
rotations including alfalfa were desirable both from the standnoint of
hizh yield and less scab. The same writer (42) from a field survey in
western MNebraslza found clear indication that cultivation of fields the

vear nreceding votatoes tends to increase scab as contirasted with non-

cultivated crons. In the same rezion Hastings (46) obtained similar
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results from a study of 15 different cropping systems.

Green mamiring and antibiosis

Altho there are relatively few exverimental data on the subject,
green manuring has been widely recommended as a control measure for
notato scab. Millard (94, 95), in Encland, obteined a reduction in
scabbing by addinz orzanic matter to the soil in the form of green grass
or svent hons at the rate of 10 to 20 tons ner acre. Later }Millard and
Tarlor (97) found that grass alone exerted no inhibitory action on

scabbing, but that when Actinomrces nraecox (a sanronhytic snecies) and

Actinomyces scabies were both inoculated into soil mixed with grass, less

scab occurred. Meyers (92) in FHolland, reduced the amount of scab by

the addition of soybean or turnip meal to the soil. Wnite (156) found
that green manuring reduced the amount of scadb in Kansas, and that green
manure in combination with sulphur was more effective than alone. Sanford
(112) revorted that green manuring with rye at 50 tons ver acre had no
tendency to reduce the smount of scab on heavily infested soil of »H 5.0-
5.4 in Minnesota. kiha (107) revorted negative results with green manure
for scabd control in Czechoslovakia. Divwvenaar (23) got no control of scab
in Wisconsin with green pea vines as a manure, nor with sulphur in combin-
ation with peas as a green manure. As pointed out by Euisman (57) it is
well known that the disease is nrevalent on plowed up grass lands, altho
fhe contrary might be exvected from the large quantities of plant remains
in the soil. However, he reported that 1t had been noted that infection
had been reduced by a green manure of oats. It may well be that green
manuring is effective in reducing the scabbing of notatoes only where the
green manure serves as a medium for the growth of orgzanisms that are

antibiotic to »nlant pathogenic actinomycetes.
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That actinomycetes may be antazonized by other organisms in culture
media is a well established fact. Sanford (116) sugzested that the
influence of cultural methods on scabbing is brousht about by antasonism
to the scab organisms on the nart of other organisms favored by the

conditions.

lillard and Taylor (95) found Actinomyces nraecox a sanroohytic

species, to be antibiotic to A. scabies in culture media and in field
trials. Sanford (113) revorted that certain bacteria inhibit the growth

of A. scabies in culture nrincinally throurh change in oH of the medium,
thouzh one bacterium inhibited the Actinomyces by some other means. Wier-
inga and Wiebols (153) noted that certain bacteria parasitized actinomycetes
in culture. McCormick (91) made a study of the associative action of some
snecies of Actinomrces in culture media. He concluded that the antagon-
istic action of certain bacteria and of actinomycetes to other actinomycetes
is a result of a change in the oxidation-reduction character of the medium
due to the metzbolic products of growth. Veindlingz (1khg, 1&9) and Weind-

ling and Baerson (150) found that Trichoderma lignorum vroduces a substance

lethal to certain fungi which enables it to parasitize them. However,

Daines (24) obtained no reduction in votato scab on the resulting cron

by dipving the potato seed pieces in suspension of Trichoderma snores.
Sanford (116) suscested that antibiosis may vlay an important part

in natural control of potato scab. However, in the case of natural control

brought about by a wet soil condition, he theorized that the reduction in

scabbing was due to the exclusion of air from the soil thus inhibiting

the growth of Actinomyces scabies which is said to be strongly aerobdic.

However, Divvenaar (28) obtained no increase in infection by aerating the

soil, Moreover, he observed that bacterial flora nredominated over fungous
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and actinomyrcetous flora in soils with a hizh moisture content. The
reduction in scabbing under such circumstances could be exnlained by
assuring that certain of the bacteria were entibiotic to the narasitic
Actinomyces. However, Lutman, Livingston, and Schmidt (72) made monthly
bacteria end Actinomyces counts over a period of eight years from a field
where a badly scabbed crop of notatoes had been harvested at the bezinning
of the exreriment. They found no indication of antagonism between soil
bacterias, fungi, and Actinomyces under field conditions, for the Actino-
myces counts roughly naralleled those of the total number of organisms.
 Furthermore, Waksman and Dubois (1&5) observed that actinomycetes are not
exterminated by soil amoebae as are other soil bacteria.

The nossibility of controlling potato scab by means of promoting
the growth of soil orzanisms antibiotic to nlant pathogenic Actinomycetes
is perhans worthy of further study.

Bacterionhary

Recently Wieringza and Wiebols (158) have isolated a volyvalent
bacteriophage for species of Actinomyces, including A. scabies, and they
sugsest the possibility of using bacteriovhasy in controlling potato scab.
However, as yet no bacterionnage for any plant pathogene has been utilized
in controlling a disease under field conditions.

Fertilizers

When vhysiologicelly acid fertilizers such as armonium sulvhate,
super nhosnhate and motassium nhosnhate are used for notatoes, if there
1s any effect on scabbing it is usually a tendency to reduce the severity
of the disease, many investigators having renorted nartial to connlete
control (3, 5, 6, 12, 22, 32, Ly, &7, &1, 82, 107, 120, 129, 153). On

the other hand chlorides (21, 32) and nitrates are remorted to have the



opnosite tendency (123).

Lime generally aggravates scabbing, so much so that many early
observers suprnosed that its chemical effects on the potato were resmonsidle
for the trouble. Fowever, excessive liminz inhibits scabbing (39), and
scab is said never to occur on weathered limestone (9, 128). Blodgett and
Cowan (9) found evidence that calcium itself has no effect on scadbbing
excent as it alters the soil reaction. Thls is borne out by Sibilia's
observation (123) that scab was prevalent in one locality where the soil
contained only one percent calcium carbonate, altho the soil had a vl
value of 8.3. Sibilia in Italy (123) and Schlumberger in Germany (120)
recorded experiments where a reduction in scabbing was effected by apnli-
cations of lime, and Bolley (11) and Rang (106) obtained some control with
calcium cyanamide. It is noteworthy that Schlumberger obtained reductions
in scabbing both with lime and with acid fertilizers indicating that
change in soil reaction was not the factor involved in control.

Stable manure is an excellent medium for Actinomyces and has generally
been conceded to cause an increase in scabbing when apnlied on notato land
(3, k1, 47, Lg, 64, 66, 123, 130), yet H8hne and Chelard (56) in Germany
recommended liberal use of green manure and stable manure for scab control.
Goss (42) from a survey in Nebraska found no indication that the use of
manure for crons in rotations with potatoes had resulted in more scab, but
rather the reverse as less scab occurred than following alfalfa.

Sulnhur soill treatments

The vast literature on the use of sulnhur for the control of notato
scab was well reviewed in 1927 by the Canadian workers, Duff and Telch (30),
who carried on exmeriments with sulphur in six Canadian provinces, and

concluded that sulvhur at rates of 400, 600, 900, 1200 nounds ner acre
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was not uniformly effective, but "nromising in clay soils infested by
moderate numbers of attemiated strains of the organism, and under
conditions of lizht rainfall." Snoradic studies for half a century in
Michigan have indicated that sulphur soil treatment for the control of
votato scab is not an economic nractice here (131, 146, 152). On the
'other hand, the New Jersey workers in most cases have reported economic
control of potato scab with sulphur, esnecially with inoculated sulohur
(48-51, 67, 73-80, 23-86). A reduction in total yield often accompanies
sulphur treatments, though the yield of salable tubers may be greater
than on untreated nlots. Caution must be exercised in apnlying large
quantities of sulphur to the soil, for other crops in the rotation may
be injured by the treatment (36, 40, 121, 122). Orton and Field (99)
reported injury to the tubers of the potato crop from anplication of
sulphur in the furrow, and Morse and Shavovalov (93) obtained an increase
of 20 to 30 nercent in the number of plants diseased with Rhizoctonia
following sulphur soil applications.

Tnere sulnhur is effective in controlling scab, the proner time,
method, and quantity of avnlication apvears to vary according to the soil
and climate. Maubenhaus (133) was unable to reduce scabbing by broad-
casting sulvhur on neutral and calcareous soils in Texas, though he obtained
comnlete control by applying sulphur in the furrow at rates of 500-1500
nounds ver acre two or three weeks before vlanting. Martin finds that
sulphur in the furrow is injurious to potatoes in New Jersey, and he gets
best results by broadcasting 300-600 pounds of sulphur per acre with a lime
distributor and harrowing it in before planting. Merely rolling the seed

tubers in sulphur gives control of scab under some circumstances (16, 48, 130),

whereas up to 1200 nounds per acre may be ineffective (23, U5).
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Since notato scab is seldom of much imvortance on upland soils more
acid than o4 5.2 (23, 37-39, 135), it mizht be sunvosed that when the
reaction of the soil can be lowered to this voint by annlications of
sulnhur a clean cron of notatoes could be nroduced. However, sulnhur may
inhibit scabbinz without having any anpreciable effect on the soil reaction
(20, 45). On the other hand, sulphur may brinz the soil reaction down well
below vE 5.0 without affecting the amount of scabbing (30). From the evi-
dence at hand, it seems vprobable that acidification of the soil does not
kill the scab orsanisms, but inhibits their srowth so that if such soil is
heavily infested, the votato tubers, which have a nH of about 6.5 (112, 151)
will come in contact with the snores which then germinate and canse infection.
If this is the case, control might be obtained by keeninz the soil acid for
a considerable neriod of time before nlanting 2 suscentible crop so as to
eliminate the scab-nroducing orsanisms by starvation. This himothesis is
rendered sorme supnort by the results obtained by Martin who, by means of
annlications of sulrhur and amrmonium sulrhate, reduced the soil reaction of
a field badly infested with scab to oM 5.1, After the soil had been limed
to brins the reaction baclt to a ni favorable for scabbins, there was scarcely
a trace of scab on the first crop of notatoes. However, the second cron was
badly scabbed. Perhavs scab might have been eliminated commletely until
reinfestation took place if the soil had been kept strongly acid for a longer
neriod of time.

Since sulnhur soil treatments control scab in some cases where the soil
is so highly buffered that no annreciable change in soil reaction takes nlace,
factors other than soil acidity must be involved. Wilcoxon and }McCallan
(159) have shown evidence that ealnhur is toxic to funcous snores because

t exhibits an apnreciable vavor pressure and is readily reduced to HES by

living material,
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Williams and Young (160) found that sulphur yields varying
amounts of toxic factors devending upon the reaction, oxidation,
temperature and moisture conditions. Sulphur treated with such oxidi-
zing agents as potassium permanganate, manganese dioxide, and arsenious .
acid was found to be extremely toxic to certain fungous spores. It was
found further that the toxic factor was destroyed.by alkalis and strong
acids. Furthermore, as shown by Linman, McLean and Lint (68) sulphur
oxidation affects the availability of mineral salts in the soil. Thus,
in some instances, sulphur may inhibit scabbing through its effect on
the nutrition of soil actinomycetes.

Soil disinfection with chemicals

Many toxic chemicals have been tried as soil disinfectants for
potato scab. Of these several mercurials, coprer sulphate, aluminum
sulvhate, and formaldehyde in some instances have been revorted to inhibit

scab. None have proved successful in Michizan.

Mercuric Chloride:

In 1895 Ealsted began a series of trials of mercuric chloride as a
soil treatment for votato scab in New Jersey. That year on a plot near
Freehold he got good control of scab with applicetions of 30, 60, and 120
pounds of mercuric chloride ner acre, but the yield in all cases was
materially reduced (47). He also controlled scab with sulvhur at rates
of 150, 300, and 600 pounds per acre, in which case the reduction in yield
was slight. However, since Halsted pianted scabby seed-rieces and got
almost commlete control of scab by seed treatments with mercuric chloride,
copper sulvhate, kainit, or sulphur dust, it is apparent that he was not
dealing with soil-borne scab.

The same year, which was a very favorable one for vnotato scab,
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Halsted tried some seed and soil treatments on the rotato nlots at the
-Station Farm. The scab was certainly soil-borne, for his seed treat-
ments failed commletely. Here the trifling quantity of 36 gallons of
.1% mercuric chloride solution per acre, and like quantities of Bordeaux
and cuprain reduced the amount of scab from 97% in the checks to 80, 70,
and 80% respectively, while sulphur at 300 pounds ner acre reduced the
ver cent of scab to five.

At Wew Brunswick in 1896 Halsted (48) applied a 0.1% solution of
mercuric chloride to the soil at the rate of 4320 gallons per acre and
obtained a reduction of scab from 0% in the checks to 10% in the treated
area. However in 1397 (19) mercuric chloride at 60, 20, and 15 pounds
ver acre reduced tne smount of scab only slightly altho the same vplots
had received a similar amount of the mercurial two years earlier. He
concluded that "corrosive sublimate acts only feebly and not to an extent
to be observed by the untrained eye".

NacLleod and Howatt (7&) in Canada reported that they obtained good
control of common scab and Rhizoctonia scurf by mixing mercuric or
mercurous chloride throush the soil, the chemicals being anvlied at the
rate of 10-15 pounds ver acre, diluted 3 to 1 With diatomaceous or other
eartnhs to facilitate anplication. The fungicides causd a slizht reduction
in yield.

van der Slikke (124) in Holland poured 0.1? or 0.05% mercuric
chloride solutions in the potato holes before planting and got good con-
trol of Rhizoctonia scurf and common scab at rates of 1/& to 1/U4 liter
of 0.1% solution per hill, and with 1/4 liter of 0.05% solution.

Johnson (61), in trials over a four year vneriod in England, almost

eliminated common scab and Rhizoctonia scurf with applicetions to the

soil of mercuric chloride either dry or in solution, at rates amounting



to 10-40 pounds ver acre.

Taylor (135) in New York failed to control scab with mercuric
chloride at 5 pounds ver acre. In snother field there was significantly
more scab where mercuric chloride was added to the soil at 9 pounds per

acre than in untreated soil.

Other Mercarials:

Avparently the various mercury comnounds that have been used as soil
disinfectants for potato scad give similar results under similar circum-
stances., Thus in New Brunswick, Caneda, calomel and corrosive sublimate
were equally effective in controlling scab at 10-15 pounds per acre (74);
o also on Long Island calomel and yellow oxide}of mercury each controlled
scab at U4-6 pounds per acre: In Ohio neither Semesan Bel nor calomel at
4 vounds per acre annreciably affected the severity of the disease; while
in western New York and at various points in Michigan soil treatments with
mercurials increase the severity of potato scab (34, 35). In New Jersey
where Halsted had gotten erratic results with mercuric crloride, Martin
(87-89) has rotten varying results with several organic mercuries, czlomel,
and yellow oxide of mercury. In some soils he has consistently controlled
scab with mercurials, while in other soils the treatments have failed.

WThere mercury compoundé fall to control scab they generally show their
effect by causing an increase in scabbing, often two or three-fold. In
view of the fact that mercuriel seed treatments also consistently increase
scabbing in some soils, it may be that the effect of the mercury is to
make the host plant more susceptible to the disease. Otherwise it must
be assumed that the mercury migrates through the soil from the furrow in
which it is apolied and affects the soil flora over all the area where

tubers are set. In the latter case, either the weak mercury solution
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stimulates the gzrowth of Actinomyces, or has an adverse effect on other
soil organisms which compete with or are antagonistic toward tre »natho-
genic Actinomyces. Evidence oresented by Frutchey énd Muncie (35)
indicates that mercurials do affect the soil flora, the effect depending
upon the moisture content of the soil. However, the amount of mercury
added to the soil on vpotato tubers that have been soaked one or two hours
in a 0.1% solution of bichloride of mercury rust be very small.

Another factor to be considered is the marked effect of other salts
on the solubility of mercury comnounds as shown by the work of Clark (183),
Rosa (109), and many others. Conseauently, the chemical composition of
the soil solution may be an imvortant factor influencing the effectiveness
of mercurial.soil treatments for potato scab.

The effect of the use of mercurials on yield has been as various as its
effect on scabbing, Taylor (134) revortirg an increase in yield in promor-
tion to the effectiveness of the mercurials in increasing scabbing, Martin
sometimes getting a reduction in yield, and Eddins (31) renorting marked

injury.

Other Chemicals:

Aluminum sulohate, which has been used effectively in controlling
Rnhizoctonia damping-off of conifers (157), was found ineffective at 20
vounds per acre for notato scab in Michigan (34). Dinnenasar in Wisconsin
(28) failed to control scab with avpplications at rates un to 1030 nounds
ver acre. However, Taylor (134) revorts that in western New York aluminum
sulphate gives nartial control of scab but also causes a reduction in
vield.

Halsted (49) applied covper sulnhate to the soil at rate of 300, 150,

and 75 vounds ver acre end reduced the vercent of scabby tubers to 5, 5,
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and 2% resvectively as compnared with h?ﬁ scab in the check. However,

seed treatment alone gave even better control so that he obviously

was not dealing with a soil infestation of the scab orzanisms. Halsted

in New Jersey (49) and Yader and Blodgett in western New York (77)

revorted a reduction in scab following freaquent heavy aovlications of
Bordeaux mixture to the foliage. Halsted found that Bordeaux mixture
anrnlied to the soil at h320 gallons ver aecre at vlanting reduced the amount
of scab in some instances orly. Lutman and Cunningham (70) failed to
control scadb in Vermont with applications of 600 pounds per acre of conner
sulvhate.

Halsted (99) reported that carbon bisulnhide, benzene, and kerosene
each at 120 pounds ver acre had little effect on potato scab. Millard (93)
got negative results with creosote and bleaching vowder. Halsted (h9),
van der Slikke (124), and Johnson (61) failed to control scab with formalde-
hyde as a soil treatment, while Riha (108) found formalin partially effective
at high concentrations.

Acids, when used in controlling notato scadb, if effective ere nrob-
ably so through their effect on the soil reaction. Halsted (49) obtained
negative results with oxalic acid at 120 pounds ner acre, ﬁiha got vartial
control with vhosvnheric acid. Renorts on the use of sulphuric acid are
almost as numerous and equally as erratic as those for sulphur.

So0il conditions influencing scabbing

Soil tyme, temmerature, reaction, moisture content, and infestation
are all important factors influencing the incidence of notato scab. Scab
occurs on almost any type of soil - gravel, sand, loam, clay, muck -
excent on weatnered limestone. It 1s more likely to be severe on sandy

and on other well-aerated tynes of soil than on heavier tyves, even thouzh

Fousek (33) found a much lower ratio of Actinomyces to bacteria in sandy
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soil than in loanm.

From field observations made in Eurove and America, Jones and
Mclinney (62) concluded that scab is more prevalent in reszions having
warm groving seasons than in regions where cool summers nrevail, and
likewise a greater amount of scab seems to develop in a given locality
during a warm season than during a cool one. The same investigators (63)
produced scab exnerimentally at constant temmeratures ranging from 11° ¢c.
to 35.50 C. and concidered 22° C. the optirmm temnerature for scad
development. Dinpencar (23) obtained scab over a range of 13° C., to 25° C.
with annroximately 20° C. as the ontimum. Sanford (110) under controlled
moisture and temperatiare conditions obtained a maximum amount of scab at
14° ¢., 17° C., and 25° C. The scab orzanisms thrive better at a some-
what hisher temmerature. Dinnenaar (23) using three strains of Actinomrces
scabies found their ontimum temmeratures to be 28°, 28° to 32° , and 32°
to 36° C. resvmectively. Coccni (19) studying three strains of nlant

nathozenic Actinomyces (é. flaus, A. clavifer, and an unidentified svecies)

found them to grow from 10° C. to 40° C. with the best development at around
25° -~ 30° C. However, Wingerberg (161) found that the ontimm temperature
for Actinomyces in culture was devendent uvon the medium uvon which they
were growvn as well as unon the reaction of the medium.

Scab is most nrevalent on slightly acid to alkaline soils. Generally
soils with a reaction lower than pH 5.0 or even 5.3 zive little or no
scab (2, 37-39, 134-136), but the disease has frequently been revorted
severe at much lover readings (12, 154), down to oH 3.3 (30). Béysen (12)
on exverimental nlots recorded scab at nH 3.6 and severe scab at oH 3.7
with the most severe scab at »H 4.4-U.5. Renorts as to the umper linit of

soil reaction for scabbing are equally as variable as those for the lower

limit. Smith (125), from field observations in western New Yorl, concluded



- 16 -

that the ontimum soil reaction for scabbinz is nH 6.02-6.51 below and
above which the disease is less severe. Wessels (154) in Long Island
found that the severity of scabbing continved to increase with rise in
oH un to 6.9 or 7.0. Goss (42) found the reverse to be true in Nebraska.
He renorted a very evident and consistent decrease in both the amount and
severity of scab as the vH values increased from £5.92 to 32.25. Millard
(9h) concluded that soil reaction is not a direct factor in scab cont:rol
for scab may occur at pH 4.4 and is found in only slight amounts in soils
of high pH, while on more nearly neutral soils there is no relation between
f0il vH and scab. In the oresent study the writer found no correlation
between soil reaction and scabdbing over the range of vH 6.2-%.4 on his
exnerimental vlots. Blodzett snd Cowan (9) in field surveys found little
scab on soils more alkaline than nE &.3. However, Sibilia (123) renorted
that scab was prevalent in one locality where the soil nH was 8.3. San-
ford (111) has shomm that the scab orzanisms thrive on media as alkaline
as vH 8.0-3.7. Cocchi (19) found that the maximum reaction at wnich the
strains of Actinomyces that he studied would grow to be about »nH 9.0.
Waksman (144) remorted that the limiting mcid reaction for Actinomyces
scahies in culture solutions, nrorerly buffered, and in sterile soil
varies with the strain of the organism. In the majority of cases the
limiting acid reaction was about pH 5.0-K.2; some strains grew even at

pd 4,8, while others bezan to develop only at vH 5.3-5.6. The ontimum

pH of soil cultures was 5.8-7.7, and the limiting reaction vH 8.8. This
is in accord with the renort by Snow (126) who studied the flora of wind-
blown soils from 6 recions. In Arizona arroyo banks with a soil nE of
€.6-9.0 she found 52% of the organisms to be Actinomyces. However, only

10% of the soil organisms were Actinomvces in soil from Death Valley,
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.
and only 0.6% in soil from Shaclkleford Bank, N. C. The reactions of
these two soils rere nH 2.9-9.0 and nH 9.0-9.2 resnectively. Soils
from sand banks in turee other regions zave 15 to U455 Actinomyces,
with a soil reaction ranre of »H 5.9-3.0. TFrom these results it annears
that in the tyme of soil studied, actinomycetes do not thrive at a »nHE
hizher than 8.9 or 9.0. As pointed out by Millard (94), many neutral
soils mroduce little or no scab.

Trom emoviriczl observation notato scab has generally been resarded
as a disease of relatively dry soils. Sanford (110), Martin (30), =nd
Dinnenaar (28) have all demonstrated exverimentally that scabbinz decreases
with increased soil moisture. On the other hand, Schacht, 135&, (117)
ascribed the disease to "heavy moisture of rich soil". ILutman and Cunning-
ham (70) stated that "anparently excessive moisture does materially increase
scabbing". Voelkel and Klemm (141) recorded very severe scabbines durinz
an unusually wet vear. Madfillan (75) found that formaldehyde seed
treatment was non-effective against scab under irrigation where mismanaze-
ment In the use of water caused an excess of soil moisture for an extended
neriod at any time during the early stages of tuber develonment, and that
stesdily zrowing nlants, either treated or untrested, mzintained free
from excess of drousht or moisture anneared to escane the disease a
lonzer time than where improner apnlication of water had occurred.

Soils thoroughly infested with nlant vathogenic Actinomyces may
remain so over a considerable neriod of years and nroduce a scabby croo
any time notatoes are pnlanted. Several investigators have exnressed
doubt as to the value of crov rotation for scab control (119, 139).
However, cron rotation is sometimes fairly effective in controlling scab.

In a case of this kind Iutman, Livingstone, and Schmidt (72) made monthly

counts of the soil organisms during eight years beginning in 1924, 99.2$
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of the 1916 crop was badly scabbed. The field was not planted to notatoes
again until 1335, That year only 3.3% of the tubers were scabbed although
many of the tubers counted as clean in the latter crov showed a russeting
of the skin either in svwots, over larze areas, or over the entire tuber;
yvet during the 8 year veriod the number of actinomycetes in the soil had
neither increased nor decreased. The authors suggzest the vossibility that
the scab-vroducing actinomycetes are wealened in nathozenicity after a long
period of denrivation of their host, the votato tuber, and live sanronhy-
tically in the soil, zradually acqnuiring vathogenicity once more when vota-
toes are nlanted again.

Actinomycetes constitute a considerable vortion of any soil flora
amounting to\20-30§, 309, and 37.5% of the total orzanisms according to
counts by Hiltner and Stromer (55), Krainsity (65), and Conn (20) resnectively.
Walcsman and Curtis (143) found 3.5-46% actinomycetes in 25 soil samples from
various parts of North America and Hawaii. Both Beijerinck (4) and TWaksman
and Curtis (143) found the ratio of actinomycetes to bacteria in the soil
to increase with depth. Beljerinck reported actinomycetes common at a
denth of one meter in garden soil, and nresent at a denth of two meters
below the surface of sand, at three meters in salluvial mud, and abundant
in river water. The ratio of actinomycetes to total 6rganisms has been
found by Fouseck to vary with soil tyve (33), and with soil acidity by
Jensen (59). Snow (126) found 52% of the colonies derived from wind-blown
desert sand in Arizona to be Actinomyces. Accordingly virgin soil could
be readily infested with nathogenic actinomycetes by means of wind-blown
spores. However the occurrence of potato scab on virzin soil could also
be exnlained by Lutman's (72) acquired nathorenicity hynothesis.

A larze nuriber of strains of Actinomyces are canable of causing

potato scab. American authors, although fully cognizant of the fact that
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there are several tynes of potato scab from the standnoint of anpear-
ance, and that the organisms vary greatly in their mornhology end
nhysiolozy in culture, have generally considered these as being races

of a sinrle snecies. Cn the other hand, Zuronean authors have named
about twenty snecies of Actinomyces that are vathogenic on notato tubers
(95, 162). Recently Taylor (137) in this country has undertaken an
extensive study of soil actinomycetes with a view to sevaratinz them into
enecies on their physiologic characteristics.

The species of Actinomyces that have been described as narasitic
on votatoes vary greatly in their ability to utilize various carbon
and nitrogen sources (19, 29, 95, 132, 162),as to their oxyzen, temvera-
ture, hydrogen-ion motential, and redox vwotential relations (91, 157),
as to their resoonse to ascociation with other organisms (91), and as to
the type of scab produced (19, 27, 52, 95, 162). As demonstrated by
Wingerberg (161), the ontimum temmerature and optimum nH of a given
strain is dependent upon the medium on which it is grown. Conseqﬁently
‘different soils micht be exvected to harbor different strains of Actino-
myces, with the result that the soils would resnond in various ways to
treatments for the control of potato scab.

Quoting from Jensen (60), "The ---- practice adonted by Millard
and Burr, 1926, of establishing species differences on the basis of
every observed constant difference, is certainly logical, bﬁt hardly
vpractical, since nearly every strain of Actinomyces isolated
from a plating from an ordinary soil could then be raised to the rank
of species." It is clear that the number of strains of soil Actinomyces
is a legion and that many of them are canable of causing scabbing of

votatoes. Since funzicides are generally snecific, controlling certain

disease organisms and not others, it is hardly to be exvected that a
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sinzle chenical annlied as a soil treatment would control all the

strains of vnlant pathogenic actinomyces in every soil.



TZE PROBLEM

McCallan and Wilcoxon (91), in studyinz the relation of
fungicidel action to the veriodic system of the elements, tested
the toxicity of about 50 elements to the spores of Sclerotinia

americana, Botrrtis paeonise, Pestalotia stellata, and Uronyces

carvonhyllinus, They listed the elements in the descernding order

of their toxicity to the four fungi: As, Os, Fz, Ce, Ru, La, C4,
U, Cu, ¥, Er, ¥d, Po, Au, Th, Al, Th, Pd, Yn, Zn, Ni, Co, Cr, As,
Pl, Ta, Va, and Ti. The sulvhur groun and the halogens are omitted
from the list because the toxicity of thece elements varies greatly
according to the compounds used.

Of this 1liet only mercury, covper, and aluminum com»nounds had
been tested for votato scabd control, and these had =211 given conflict-
in~ results. The vrurpose of this study was to test other chemicals

for their value as soil disinfectants for notato scab.
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GREZITHOUSE STUDIES

Procedure:

Trials in the sreenhouse were conducted in 6-inch and 8-inch nots,
with three nots for each treatment. The soll was a lizht sandy loam
with a moisture eauivalent of about 30% and a pH value of about 7.5.

The tan water used for irrigating the mots had a reaction of about nH
7.8. Infestation of the soll was insured by mixing a tablesmoonful of
mecerated scabby rotato neelings trhroush the soil in each mot. Rates
of treatment ner acre were based on the surface area of the vnots. The
dry chemicals were diluted 9 to 1 with oven-dry sand to facilitate dis-
tribution and were mixed thoroushly througsh the ton four inches of soil
in the nots. The creosotes were diluted 9 to 1 with acetone so that 20
gallons mner acre of creosote would also mean 130 gallons ner acre of
acetone. Untreated tubers of Fatahdin votatoes were nlanted in all cases.
Tith the excention of exweriments III and IV, the potates were nlanted
the same day that the soil was treated.

In recording the amount of infection that occurred during the
various treatments, exact methods of measuring scabbing were considered
unnecessary since control was the goal sought. The scab readin~s, which

are recorded in tabular form, are arbitrary estimates.

Exneriment I

Chemicsls tried: Potassium nermancanate, cooper sulnhate, cerium
oxalate, nickel cyanide, notassium dichromate, and sodium fluoride each
2t rates of 5, 15, and RO nounds ner acre, Formacide (a vronrietary comnound
containing formaldehyde) at 50, 325, and 650 pounds ner acre, and coal tar

and wood creosote each at 1, 5, 20 gallons per acre. The notatoes were
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vlanted in 8-inch vots January 20, 1936 and harvested Varch 30. The
nots were randomized at the bezinning of the exmeriment and again a

month later to commensate in a measure for variations in light and soil
tempnerature. The temmerature of the greenhouse was maintained at about
25° €. by day snd 20° C. by night.

As shown in Table I the control vnlants were heavily scabbed. lany
of the trea‘ments gave as much scab as the controls or nerhaps more.
No chemical reduced the amount of scabbing ot all the rates of treatment

emnloyed, but covmer sulnhate and niclkel cyanide each at 50 pounds ner

acre anpeared to reduce somewhat the amount of scabbing.

smeriment I

This was largely a renetition of Exnmeriment I using most of the
chemicals at higher rates, substituting red copner oxide for conmer
sulvhate, and adding aluminum chloride and calomel to the list. The
votatoes were nlanted in 6-inch nots March 27, 1935 and harvested June 6.

As shown in Table II the only case of anmarent control occurred wnere
nickel cyanide was apnplied at 500 vounds ver acre, althouch 150 vounds
was ineffective. Calomel at 150 mounds per acre was markedly injurious
to tre votato nlants. The tubers were very small, and one plant that

bore no tubers had very scabby rhizomes.

Esperiment III

One-half liter mer 6-inch not of 0.1% solutions of each of nine
metallic salts - covper sulnhate, notassium permansanate, nickel nitrate,
lead acetate, votassium dichromate, sodium fluoride, zinc sulvhate,
cobalt chloride, and mercuric chloride, was apnlied as soil disinfectents

for notato scab. The soil was treated a week before nlanting. On the

basis of surface area of the mots, the quantity of the chemical-~
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emnloyed amounts to about 250 nounds per acre. A half liter of water
was added to each control vot. The potatoes were planted February 22,
1075 and rarvested April 17. The complete absence of scab on the checks
at the end of six weelrs may have been due to the fact that the soil was
lzent rather wet. FHowever that may be,in equally wet soil one or more

of the vlants under each of the treatments exceépt mercuric chloride

nroduced scabby tubers as shown in Table III.

Exnmeriment IV

Aniline dyes have been shown to be highly tozic to many micro-
orzanisms, but gentian violet at 1 snd 10 nounds ver acre and malachite
creen at 1, 10, 50, and 150 nounds ner acre as soil disinfectants showed
no tendency to control notato scab (Tablé IV). At the same time, Mew
Irmroved Ceresan (53 ethyl mercury phosvhate) was tried at 5, 15, 50, and
150 pounds ver acre. 150 nounds of this material ner acre was markedly
injurious to the potato plants but did not eliminate scab. The chemicals
were apnlied dry to the soll on March 1. The notates were nlanted in

E-inch mots March 3, 1937 and harvested Mey 15.
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FIELD STUDIZES

Some of the same chemicrls were tested in the field to determine
whether or not ther would give results similar to those obtained in
the greenhouse. Yellow oxide of mercury and borax were added to the
list. Corrosive sublimate was tested by the same method that van der
Sliklre used, (124), rouring one liter of 1-1000 HgCl, in the vlanting
holes vefore planting. All the other chemicals were tried at three rates
each. Tney were mixed with dry soil and avnlied in a band about four
inches wide in the bottom of the furrow. Calomel and yellow oxide of
mercury were emnloyed at 5, 10, and 20 vpounds ner acre snd red coover
oxide, lead sulnnide, potassium dichromate, potassium nermanganate, borax,
zinc oxide, and sodium fluoride were used at 5, 15, and 50 nounds vner
acre. Each trestment consisted of a block of 20 hills, 4 rows wide and
5 hins long, and was replicated twice giving 60 hills. Six similar
blocks were left untreated as controls. All the blocks were randomized.

The land available for this exneriment had been treated with varying
amounts of sulrhur and lime two years earlier in a study of the effect of
s0il reaction on gladiolus scab. At the time tre potatoes were harvested,
the so0il vH varied from 6.0 to 2.4. This was regarded rather ss an advan-
tare because it gave an onportunity to observe whether soil reaction would
affect the results from the soll treatments. An attempt was made to
determine the "averasze" pH of the soil of each block, and the results which
may be regarded as annroximations are recorded with the results of the
trials in Table IV. The soil was a light sandy loam with a moisture equiv-
alent of about 50%. The chemicals were applied and Katahdin potatoes

planted on June 9. In an effort to insure infestation, e water susnension

of macerated scabby potato neelings was snrinkled in the furrows, and all
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the seed nieces were dinved in this susmension. However, this method
of soil infestation was anmarently of little value in the dry summer
of 1936 since there was no more scab and no less variation in scabbing
from hill to hill in the check nlots of the exmeriment than there was
in the border rows where the relatively clean seed tubers were soalzed
one hour in a cold 1-240 formaldehyde solution and where no inoculun
wag emmloyed. The cron was harvested Sentember 30.

Due to very dry weather following nlanting, a noor stand was obtained
so that the number of hills ner block at harvest veried from 8 to £0. The
bloclks were harvested senarately and the tubers graded for scab as heavy
(50-100% of the surface scabbed), medium (20-50%), light (2-20%), trace
(less than 2%), and clean. The ner cent of scabby tubers from each treat-
ment does not give so vivid a nicture of the effect of mercurials on
scabbing as can be obtained by exvressing the scabbing in per cent of the
surface area of the tubers scabbed. These latter figures are estimates.
obtained by arbitrarily assigning 70%, 30%, 10%, and 1% as the average
area of the tubers scabbed in the heavy, medium, light, and trace classes
respectively. Variation in soil reaction was ignored in obtaining these
figures, since any effect vH may have had was not obvious.

Potassium permancanate and the mercurisls annmear to have caused an
increase in scabbing, whereas there wss less scab with lead sulvhide
at 15 and 50 nounds ner acre, potassium dichromate at 50 pounds and zinc
oxide at 5 and 15 pounds. lNone of the treatments gave control of notato
scab in any of the renlications. Vhere reductions in scabbing occurred
the differences are not statistically significant. None of the treatments
affected the stand of notatoes. The mumbers involved were too small to

deternine what effect, if any, the treatments may have had on the yield.

Jowever, Hester and Carolus (54) found that cornper, mansenese and zinc
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sulnhate annlied to the soil at 50 »ounds ner acre senarately or 2%
nounds mer acre of each of the three in combination had no effect on the
vield of votatoes in Florida. Vendecaveye (140) found that lead as a.
soil treatment retarded the growth of barley and alfalfa seedlings. The
erratic effect of mercurisl soil treatment on votato yields is discussed

earlier in this naner.



The relstion of soil reaction to the effect of mercurial soil

trestrents on scabbine of notatoes

As stated in the vrecedins exmeriment, the grourd on which the
exneriment was conducted varied widely in soil reaction. In order to
determine the influence of this variation in soil pH on the effective-
ness of mercurial soil treatment, calomel and corrosive sublinate were
ammlied at rates of 5, 10, and 20 nounds ver acre in 5 hill »nlots, with
12 renlications, and 2% nlots left untreated. The plots were randomized.
Tie metrods emmloyed in annlyin~s the chemicals and infesting the soil
were identical with those of the nrecedinz exmeriment. The nlots were
planted to Fatahdin notatoes June 9, 1936, The hills were harvested senar-
2tely Sentember 30. A soil samnle was talzen from around the tubers in each
hill and its nH determined colorimetrically.

The methnods emnlored in arriving at the »H of the soil of each hill
are oven to certain objections. Only one samnle was taizen from each hill,
and these were collected in naner bars and nermitted to dry out. The
effect of air drying soil samnles on the vH readings is thoroughly discus-
sed by Snyder (127). Drying the soil samnles generally has a tendency to
slizhtly lower the nH readinss esvecially in highly alkaline soil, but
with some soils there may be a s=light tendency in the ommosite direction.
Soil vH may vary during the growing season (127). In the nresent instsance,
a few of the random samnles talen in June gave tH readinzs of 5.7 whereas
the lowest readinz obtained in October was vH 6.0. Only the readinzs from
the samnles talren at harvest time are recorded in the data vresented here.
It would merhans have been less objectionzble to have tazen the samnles
during the veriod of tuber formation. In determining the vH of the samnles

colorimetrically two indicators were used in each instance, and vhere the
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results were not comnarable the determinations were revesnted.

In Table VI the results of the mercurial soil treatments are given
without remard to soil reaction. It will be noted that one-half of the
tubers in the check hills and from 26-L0% of the tubers under the various
treatments comnletely escaned scab. 3Because of this great variadbility
the differences obtained are not statistically significant. However, the
data show that there were decidedly more medium to bacly scabbed tubers
rhere mercurisls were used tnhan in the checlts. In Table VII the scab
ratinz for hills at each vl reading is given serarately for each treatment.
These are summarized in Table VIII. The data are presented in Table IX
in bar eranns and the hills classified in grouns according to the soil
rezaction in 6ne-half instead of one-tenth nE units. Using these larzer
grounin~zs it will be noted tnnt with every treatment over the entire nH
range there was decidedly more scab than in the checlts. There avnears to
heve been little if any relation between scadbing and soil reaction in the
crnecks, heavily scabbed hills occurrin~ over the entire vH ranse. In hills
treated with mercurials the smount of scab increased with rise in »H un to
about pH Y.N, at which noint with all the treatments where several hills
were concerned there was a decided dronving off in scebbing with a rise

arain st about vH 8.0.



Greenhouse Trials

Chemical Soil Treatments

Results of Zrmeriment I
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TABLE I

Treatment
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Greenhouse Trials
of
Chemical Soil Treatments
TABLE II

Results Qf Exnmeriment II
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Greenhouse Trials

of

Chemical Soil Tre=tments

TABLE III

Results of Ismeriment III

Treatment Secab
& B C
heck 0 0 0
CuSOu 0 2 2
KKnOu 0 0 2
¥i(M05)5 0 1 2
Pb(CeH302)2 2 2 2
K20r207 0] 0 2
NeF - 4 L
ZnS0y, 2 2 3
00012 0 2 2
HgCl, 0 0 0

I F NP HEO

clean

trace of scab
slizhtly scabbed
moderately scabbed
heavily scabbed
plant died



Greenhouse Trials
of
Chenical Soil Treat=ents
TABLE IV

Pesalts of Ixmeriment IV

Treatment %ounds ner Scab

acre a b

Checlz 4 4

Yew Imnroved 5 2
Ceresan 15 Yy
50 2

150 0]
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10

W
NN

=

Malachite Green 1
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clean

trace of scab
sligntly scabbed
moderately scabbed
heavily scabbed
Tubers very small
rlant died
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TABLE V

Field Trials of Chemical Soil Treatments

1bs| pH No. . Av. % of
Treat4 per| of |No. of| of fo. of Scabby Tubers % |surface area
ment jacre| soil |tubers|hillg Heavy|Medium|Light| Trace{Clean|clean| scabbed
Check| - | 6.8| 39 14 2 2 2 1 32
7.71 73 | w4 3 8 6 3 53
6.7 55 14 5 5 3 11 31
7.5 57 11 0 5 9 1 4o
6.6] 50 20 0 8 10 7 25
7.3] 571 | 16 6 | 29 9 L 9 | 58 9.8
HeCl 5| 7.6 67 15 11 7 15 3 31
6.8 71 18 1 13 20 L 33
7.01 62 | 1k 12 16 17 5 12 | 38 17.5
10 | 6.5| 50 15 L 2 5 2 37
6.5| 53 16 3 6 11 3 30
6.8 57 14 14 g 12 7 15 | 51 .2
20 | 7.8] 87 14 3 5 16 L 59
6.6 52 18 2 2 1 0 47
6.9] 54 13 10 11 9 3 16 | 63 9.7
HgO 51 6.6] 3% 15 1 3 Yy 3 25
6.5/ 32 | 15 0 1 3 2l
7.5| 68 18 11 31 16 2 g | n 15.5
10 | 7.6| 62 14 0 11 8 8 35
6.5| 63 20 7 4 7 10 35
6.6 65 15 12 17 20 4 12 | 43 4.0
20 | 7.7 58 12 6 9 13 6 23
6.9 38 17 | 51 | 28 5 L 0
6.5 u7 13 3 5 19 9 11 | 28 30.5
BgCl, L em} 6.9 g 13 | 24 |18 3 8 5
per| 7.0 1 9 5 Yy 10 2 20
hill| 6.5| 67 15 0 9 18 15 15 | 26 21.1
Cus0 5 | 7.1] 38 15 1 1 3 1 32
6.5 26 12 0 Y 0 0 22
7.1 37 8 7 12 g 5 5 | 58 11.7
15 | 7.9| 68 | 1M L 9 9 7 39
7.0 43 17 1 2 1 3 36
7.1] 52 19 0 11 15 7 19 | 58 7.8
50 | 6.8| 56 19 1 2 L 0 49
6.71 60 17 1 2 6 3 4g
7.3 Lk 12 6 8 8 3 9 |66 8.8
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1bs.| pH No. Av. % of
Treat- per| of |No. of] of o. of Scabby Tubers 4% |surface area
ment jacre{soil |tubers|hills| Heavy|Medium |Light| Trace|{Clean|clean| scabbed
Fbs 51 7.7] 44 9 0 2 4 5 33
g T4 16 7 8 5 3 51
6.5 26 10 1 10 9 1 5 | 62 9.4
15 | 7.9/ 61 14 1 1 3 a 53
6.9] uo 17 3 1 3 29
7.2] 56 18 1 10 14 15 16 | 62 5.9
50 | 8.2] 52 | 14 3 1 n 0 LYy
| 6.8] 57 13 0 Y 6 14 33
6.5] 52 12 0 1 7 6 38 | 71 3.6
K.C50 6.9| 63 20 2 3. |11 8 9
272’ 3 6.7 57 18 0 1 4 6 6
6.8] 92 17 11 35 28 9 CHR 12.0
15 | 6.9] 56 20 0 2 Ly 9 41
€.8] 64 16 0 5 14 2 Y
1.2] 64 20 |15 |k 6 5 1 53 12.2
5 | 6.8] 52 16 0 3 6 0 43
7.3] U5 11 1 Yy 10 7 23
7.21 45 16 0 2 6 5 32 | 69 4.0
KMnO 5 [ 7.4 29 11 3 6 6 1
b 7.00 W 10 0 L 9 & 30
6.6 59 10 | 59 0 0 0 0| 30 35.5
15 | 6.9] 4o | 13 1 2 L4 0 33
6.8] 32 14 0 2 2 1 27
7.3] 51 1L 6 16 19 6 4 | 52 11.0
5 | 7.6] 70 14 0 3 10 2 55
7.5 12 17 1 7 6 0 38
6.9] 58 19 1 18 22 10 7| 56 4.6
Na,B),0 6.9 T4 17 0 0 Y4 2 68
207 3 7.2] us8 16 1 L 9 7 27
7.1] &4 12 1 1 18 0 28 | 10 4.6
15 | 7.0 70 16 Y 8 5 Yy L9
7.6] 79 15 0 5 L 10 60
6.7 u8 13 0 16 16 7 9 | 60 7.2
5 | 6.9] 35 14 6 3 5 3 18
6.9| 63 18 3 0 0 12 4g
7.2] 51 13 5 | 22 11 6 7 |°49 - | 13.7
Zn0 51 7.0] U3 17 0 7 5 3 28
6.9 Uu3 10 0 5 7 5 26
6.7] 60 20 1 |12 17 10 20 | "1 6.6
15 | 8.0 62 | 16 2 L 8 9 39
6.3| 52 17 1 0 1 5 39
6.71 68 | 19 0 9 15 13 35 | 62 IR



| 1bs.| pH No. Av. % of
Treat- per| of [No. of| of No. of Scabby Tubers % |surface area
ment| acre!soil {tubers|hills| Heavy|Medium!Light|Trace|Clean|clea.]| scabbed
50 7.6 58 10 4 2 5 5 4o
7.6 69 19 3 5 5 5 39
7.1 77 18 11 19 23 9 15 | 47 12.0
NaF 5 6.6 36 14 0 2 5 Y 25
6.4 57 | 16 0 0 L 1 52
7.2 711 14 18 29 17 5 8 | 50 14.6
15 | 7.9} 60 | 1k 3 9 L 5 39
6.5 U9 15 0 0 2 5 4o
7.3] 32 10 3 0 7 2 20 | 72 5.9
50 6.9| 64 18 4 3 2 2 5
6.7 u3 15 2 2 2 5 3
7.31 59 18 5 5 19 26 | 68 7.9
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TABLE VI

The Influence of Mercurial Soil Treatments on Scadbbing

Scab ( % ) % of surface
Treatment No. tubers | Heavy| Medium| Lignut |Trace| Clean|area scabbed
Check 791 5.4 12.9 4.6 6.6 50.4 10
HeCl, 5 1b. 338 15.4 17.8 23.71 5.9 37.3 19
HegCl, 10 363 29.2 26.7 23.7 {441 36.3 31
HgCl, 20 752 - 26.4 27.9 21.6| 3.1 35.2 29
HgCl,, 5 Lo7 27.8 27.3 20.1{ 3.7 40.7 30
Hgll,, 10 261 18.8 24,5 k.2 | 6.1 26.1 23
Eell,, 20 239 23.4 32.6 28.8| 3.3 23.9 29
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TABLE VII

Relation of Soil Reaction to the Effect of Mercurial Soil Treatments on Potato Scab
Soil
Reac- | Soil No Yo No. of Scabby Tubers % of Surface 4
tion [Treatment hills|tubers | Heavy |lMedium |Light | Trace | area scabby {|clean tubers
Check |O - - - - - - -
HeCl,51bs | 1 12 0 8 33 0 6 58
" 10" |0 - - - - - - -
pH " 20" |0 - - - - - - -
6.0 1,,510g O - - - - - - -
" “10 "1 0 - - - - - - -
" 20" )1 12 33 17 25 0 21 25
Check 0 - - - - - - -
HeCl, 5 0 - - - - - - -
" 10 )0 - - - - - - -
S0 I T S I e [ B B :
Bgll,, 5 | 0 - - - - - - -
" "10 |1 3 0 33 0 33 10 33
" 20 | O - - - - - - -
Check 3 25 0 26 11 4 60
HeCl, 5 1 6 17 17 17 0 18 50
o " 10 |1 9 11 67 22 0 30 0
6.2 " 210 - - - - - -
HeCl,, 5 | 2 20 20 20 25 0 23 35
" "10 |2 13 8 15 31 0 1 L6
* 20 |4 23 26 Ly 22 0 3 9
Check | U 28 4 21 3 [ 13 32
HeCl, 5 | 3 21 10 19 2 0 15 Lg
PH " 101 5 Lo 20 Lo 0 38 0
6.3 " 201410 - - - - - - -
HegClo, 5 | O - - - - - - -
" 1010 - - - - - -
" 20 |1 8 0 25 63 0 34 9
Check | 3 34 0 29 9 6 53
HgCl, 5 | 4 38 21 13 26 13 21 26
oH " 101} 3 18 11 o8 28 6 19 28
g | " 200 f o= - f =] -] - - -
HegCl,, 5] 1 8 0 1 13 0 5 15
"5y | 33 EY 6 4 o% 8
" 20| 3 16 6 31 31 6 17 25
Check 4 36 3 8 3 4 80
HeCl, 51| 1 5 20 20 0 0 20 60
* 10{ 2 16 25 25 25 6 28 20
pH " 201 0 - - - - - _
6.5 |HeCl,, 5| 1 10 0 30 30 0 31 Lo
n 10 1 6 0 0 0 0 100
* 20| 2 14 21 50 21 0 32 7
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Relation of Soil Reaction to the Effect of Mercurial Soil Treatments on Potato Scab

Soil ~ .
Reac-| Soil No No No. of Scabby Tubers % of Surface %
tion |Treatment | hills [tubers| Heavy | Medium |Light| Trace | area scabby |clean tubers
Check 6 52 8 13 27 2 12 50
HgCl, 5 2 14 0 0 21 0 2 79
. 10 5 39 34 36 26 3 37 3
pH L 20 0 - - - - - - -
6.6 |HeCl,, 5 3 27 15 33 26 1 23 19
. 10 0 - - - - - - -
" 20 0 - - - - - - -
Check 5 5] 5 10 17 0 8 68
HeCl, 5 1 7 14 14 0 0 14 71
. 10 5 53 23 23 36 9 26 2
pH " 20 5 51 26 26 24 2 26 2
6.7 HgCl,, 5 3 28 Y 18 29 18 11 32
" 10 3 32 25 19 25 6 26 25
L 20 1 8 25 13 63 0 o3 0
Check 7 58 5 10 5 5 7 T4
HzCl, 5 L 36 8 20 22 11 1L 39
. 10 7 67 37 18 15 5 33 25
tH . 20 4 39 27 21 23 0 26 31
6.8 |HeCl,, 5 2 33 36 12 21 6 31 21
. 10 22 23 55 23 0 35 0
" 20 2 19 o7 37 21 5 32 11
Check 5 37 8 22 19 14 14 38
HeCl, 5 2 Ul 14 0 43 14 14 29
L 10 L 26 62 19 4 4 4g 8
rH " 20 3 22 9 32 27 9 19 23
6.9 HgCl,, 5 | 3 51 31 18 27 Y 30 20
" 10 Yy 18 6 28 39 6 16 22
L 20 4 31 6 39 26 3 19 26
Check 18 150 7 13 29 9 12 4o
HeCl, 5 Yy 32 28 19 25 6 27 22
" 10 5 46 oL 26 39 0 29 11
pH " 20 8 66 35 33 17 5 36 11
7.0 |HgCl,, 5 8 L5 22 33 27 0 28 18
" 10 Yy 16 6 13 13 6 9 63
" 20 6 27 ug 26 11 0 u3 7
Check 11 89 3 12 25 7 9 53
HeCl, 5 2 23 9 22 30 9 16 30
L 10 0 - - - - - - -
pE | " 20 | 5 51 o4 20 14 0 o4 43
7.1 |HgCl,, 5 | 1 7 14 28 57 0 ol 0
L 10 1 5 0 Lo 20 20 15 20
" 20 0 - - - - - - -
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Relation of Soil Reaction to the Effect of Mercurial Soil Treatments on Potato Scab

Soil
Reacd  Soil No No No. of Scabby Tubers % of Surface &
tion | Treatment |hills|tubers| Feavy [Medium | Light| Trace | area scabby |clean tubers
Check 8 67 2 5 21 8 5 66
HgCl, 5 5 32 6 20 34 3 13 37
" 10 3 3 o7 oL 18 6 28 o7
TH L 20 5 72 29 Lo 25 1 Eu 8
7.2 | HgCl,, 5 1 11 55 18 18 0 6 o]
Y 10 0 - - - - - - -
L 20 2 8 25 75 0 0 Lo 0
Check t 63 11 17 33 10 17 28
HeCl, 5 3 33 33 3 18 6 34 39
" 10 3 31 10 36 19 7 20 29
PH " 20 0 - - - - - - -
1.3 | HgCl,, 5 8 69 23 55 20 1 35 23
. 10 1 12 0 8 RS 0 3 33
" 20 1 3 0 33 66 0 50 0
Check 1 3 0 0 0 0 0 100
HgCl, 5 1 E Lo 60 0 0 0 L6
" 10 1 75 0 25 0 55 0
PH " 20 0 - - - - - - -
7.4 HeCl,, 5 4 31 33 26 6 3 35 26
" 10 0 - - - - - - -
" 20 1 7 0 28 28 28 11 14
Check 3 25 0 16 ol N 7 56
HeCl, 5 2 17 19 19 23 0 22 Y
" 10 | - - - - - - - -
pH ro2 2 18 33 33 33 0 37 0
7.5 | HeCl,, 5 1 8 0 25 25 0 11 50
" 10 - - - - - - - -
" 20
Check 3 36 14 11 28 6 16 Lo
HeCl, 5 1 6 0 33 0 17 10 50
Y 10 1 2 50 50 0 0 50 0
pH " 20 | 4 16 13 31 19 13 20 25
7.6 BgCly, 5 1 6 0 17 17 0 7 67
" 10 | 4 32 19 g 25 13 26 9
" 20
Check 1 8 0 0 25 0 75 3
HeCl, 5 | - - - - - - - -
" 10 | - - - - - - - -
pH " 20 1 9 11 0 22 22 10 Ly
7.1 | HeCl,, 5 - - - - - - - -
U 10 1 12 0 0 8 0 1 92

" 20
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Relation of Soil Reaction to the Effect of Mercurial Soil Treatments on Potato Scab _
Soil
Reac-| Soil Yo Yo No. of Scabby Tubers % of Surface
tion |Treatment | hills jtubers Heavy [Medium |Light | Trace | area scabby |clean tubers
Check - - - - - - - -
HeCl, § 2 20 0 10 5 0] 3 &85
" 10 - - - - - - - -
pH " 20 1 5 0 0 Lo 0 L 60
7.8 |Egll,, 5 | - - - - - - - -
" 10 2 11 0 7 27 27 11 18
. 20
Check - - - - - - - -
HgCl, 5 | - - | - - | - - - -
" 10 - - - - - - - -
pH " 20 1 3 100 0 0 0 70 0
7.9 ch:l-zt 5 = - = = - = - -
" 10 - - - - - - - -
" 20
Check 1 10 20 50 30 0 32 0
HeCl, 5 | - - - - - - - -
" 10 - - - - - - - -
pH " 20 - - - - - - - -
8.0 [HEeCly 5 | = | = | = | = | - - - -
" 10 1 1 0 0 1 0 10 0
" 20 - - - - - - - -
Check 1 9 0 0 33 22 3 Ly
HeCl, 5 | - - | - - | - - - -
" 10 - - - - - - - -
pH " 20 - - - - - - - -
8.1 |HgCl,, 5 | - - | - - - - - -
" 10 - - - - - - - -
" 20 1 1 0] 1 0 0 30 0]
Check - - - - - - - -
HgCl, 5 | - - | - - | - - - -
" 10 - - - - - - - -
pH " 20 - - - - - - - -
8.2 |BgCl,, 5 - - - - - - - -
S T 5 o | wo | 20 0 14 40
" 20 - - - - - - - -
Check - - - - - - - -
HgCl, 5 3 16 13 56 25 0 38 6
" 10 - - - - - - - -
pH " 20 - - - - - - - -
8.3 |HOl,, 5 | - | - | - - | - - - -
" 10 - - - - - - - -
" 20 - - - - - - - -
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Relation of Soil Reaction to the Effect of Mercurial Soil Treatments on Potato Scab _

Soil

Reac-| Soil Yo No No. of Scabby Tubers % of Surface %
tion |Treatment |hills [tubers|Heavy |ledium | Light |Trace |area scabby [clean tubers

Check 1 Y 0 0 0 0 0 100

HeCl, 5 | - - | - - - - - -

" 10 - - - - - - - -

pH . 20 - - - - - - - -

R HgCl,, 5 - - - - - - - -

" 10 1 8 25 50 13 0 3L 13

" 20 - - - - - - - -




TABLE VIII

- 43 -

The Influence of Soil Reactimon the Effectiveness of Mercurials

as Soil Disinfection for Potato Scab Control

control] HgCl HgCl HgCl HgCl, | Egll,| HeCl,| Eg
5 1lbs. | 10 1bs. 20 1lbs. 5 lbs. | 10 lbs) 20 1bS{ ay.#
E*|Sc**H|Sc | H|Sc |H|Se |H|Se |H [Sc |H |Se | E |[Sc
pH 6.0} 0 ;1 o 0 0 0 121 |2 |2
6.1]0 0 0 0 0 110 |0 0|10
6.2 g 4 118 | 1|30 |oO 2123 | 2|13 |4 |34 |10 |26
6.3 13 |3115 | 1{38 |0 0 0 1 {14 | 5 19
6. E 6 |4}21 | 3]19 |0 1| 5 (4{25 | 3|17 |15 |20
6.5 4L |1]l20 {228 |0 1511l of2|321T71H
6.616112 21 215137 |0 3123 10 0 10 {26
6.715] & |1 14 | 5|26 3 26 | 3|11 E 26 | 1|28 [18 |23
6.8 71 7 (4|14 | 7133 26 | 5|3 35 |2 {32 |26 |29
6.9 5|14 j2) 1% | 44y | 3f19 | 3|30 | 4|16 |4 |19 |20 |26
7.0118 12 | 4] 27 | 5129 | 8|36 {8128 | 4| 9 | 6|U3|35]30
7.1]11| 9 | 2| 16| 0 5{24 | 1{24 | 1|15 | 0O gi21
7.21 8] 5 | 5113 | 3128 | 8|34 | 1j46 | O 2|40 |19 |29
7.3 8117 (3|1 34| 312 |0 8135 | 1] 8 |1|50]|16}|31
7.4 1) o |14 | 1|55 |0 4{3m | 0 111 7136
1537 12l 221 0 SsI3T LYl bo 3127 | 8126
7.6 3116 | 1] 10] 1|50 | 4f20 | 1| 7| 4je6 | 2]|m1L|13}27
7-7T1 2113 | © 0 1|10 1|0 3} 090 2! 5
7.8| 0 -1 (R i - 1| 4| o0 21110 51 7
7.9] 0 0 0 1.4 0 4.0 0 0 1| 0
8.0 1/ 32 | O 0 0 0 1{ oo r L0
8.1l 1} 3]0 0 0 0 0 1{ o} 1| o
8.2| 0 0 0 0 0 114 | o0 1)14
8.3 0 3] 38| 0 0 0 0 0 3|38
8.4l 1] o o0 0 0 0 1{3 |0 1|34

*  Number of hills

s+ 4 of surface area of tubers scabbed

# Weighted average (based on the number of tubers involved)

mercury treatments.

of all
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% of surface area scabbed
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STOARY
1. Twenty-four chemicals were tested as soil dicinfectants for the

control of »notato scab:

Cnemical Greenhouse Field
Aluninum chloride 150, 500*

Borax 5, 15, 50
Cerium oxalate £, 15, 50, 500 5, 15, 50
Cobalt chloride 250

Conver sulnhate 5, 15, 50, 250

Connerous oxide 5, 15, 50 5, 15, 50
Lead acetate 250

Lead sulphide 5, 15, 50, 150 5, 15, 50
llercuric chloride 250 20
Mercuric oxide 5, 10, 20 5, 10, 20
Kercurous chloride 5, 10, 20, 50, 150 5, 10, 20
Yew Imoroved Ceresan 5, 15, 50, 150

Nickel cyanide 5, 15, 50, 150, 500 5, 15, 50
Fickel nitrate 250

Potassium nermanganate 5, 15, 50, 150, 250, 500 5, 15, 50

Potacsium dichromate £, 15, 50, 150, 250 5, 15, 50
Sodium fluoride 5, 15, 50, 150, 250, 500 5, 15, FO
Zinc oxide 5, 15, 50
Zinc sulvhate 250

FTormicide 50, 325, 650

Gentian violet 1, 10

Malachite green 1, 10, 50, 150

Coal tar creosote 1, 5, 20 (zallons)

Wood creosote 1, 5, 20 (zallons)

* The figures onnosite the names of the chemicals indicate the
rates in pounds ner acre at which the chemicals were emnloyed.
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2. Yone of the chemicals tested controlled potato scadb at any of
the rates emmloyed, excent nicikel cranide at 500 pounds ner acre in
the greenhouse, - a rate too high to be considered for nractical control.
3. lercurial soil treatment increased the scabbiness of the crop two
to three-fold.
4, Plots in a field which varied widely in soil reaction were treated
with calomel and corrosive sublimate at rates of 5, 10, and 20 vounds
ner acre. The hills were harvested senarately and a soil sarimle was
taken‘frOm around the tubers in each hill for »Hq determination. The
results indicate that within the pH range of 65.0-8.4 soil reaction did
not annrecisbly affect the tendency of mercurials to cause an increased
emount of scalbing.

5. Tne literature on control measures for notato scab is reviewed and

discussed.
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