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The disease "potato scab" is a con5ant menace in certain

sections of the potato“Min districts of Fichigan. Prevention

by an acid reaction in the eil or DJ seed treatnent is not success-

ful in most instances due to the fact th-t te rotation crepe grown

require a high lime content, and that the soil is heavily infested

with the scab organism, a conuition making seed treatment nearly

useless. With this condition present, eXperinents for the control

of potato scab by disinfecting the soil with chemicals were thought

to be worthy of effort.
I

|

The nature of the work has been extensive re ner than

intensive, partially because a large number of factors are concern-

ed in experiments dealing with soil dissinfection, and partially

because the results of the field experiments were tue opposite of

what might normally be expected. Various phases of the work were

undertaken to help eXplain the manner in which the scab organism

reacted to the chemical treatments, and it is from these pm;see that

the greater part of the conclusions are drawn.



LITERAT373 CITED

Tuber borne scab.

The disease of potatoes generally known as "common scab"

which is caused by a species of Actinomyces, named by Thaxter (61)

Oospora scabies and by Gussow (20) Actinomyces scabies, is probably

as old as potato culture. Prior to the latter part of the ninteenth

century considerable literature had accumulated pertaining to scab,

and several theories were advanced as to its cause by both scientific

and pepular writers. These included: (l) mechanical irritation,

(2) damage resulting from insect agencies, (3) chemical erosion or

irritation, (4) excess of moisture, and (5) action of Fungi. W. G.

Smith (58) of England was the chief supporter of the mechanical

irritation theory and thought rubbish to be the cause.

The insect theory was largely supported by pOpular writers

and the cause of scab generally attributed to the wire-worm. The

chemical agency theory was advocated by Sorauer (59) of Germany; the

substances considered important were lime and ashes both of which seemed

to be preportional in amounts to the degree of scab. A much later

contribution to this theory was made by Humphrey (23) whose results as

well as those of other workers, although of value, failed to indicate

the true cause of the disease. He was unable to associate any organism

constantly or even frequently with the disease and listed environmental

factors as the cause of the disease. Fany of these factors since have

been shown to affect the number of scab organisms present in the soil

to the same extent that his results showed increase or decrease in the



percentage of scabby tubers.

The fourth theory, was that excess moisture caused an increase

in sap with a rupturing of the lenticels and cork formation, and the

resultant production of scab spots. Imong the writers favering this

theory were, Frank, Giersberg, Schacht, Arther, Nobbe, and Beckwith,

cited by Humphrey (23). The theory of causation by true fungi, had its

origin in the announcement by Wallroth (as) that the disease was due to

the action of the fungus Erysibe subterranea Wallr. This statement was

reaffirmed by Julius Kuhn (33), and assented to by Jubainville and

Vesque (30), in 1678. Sorauer (59) and.nsny other writers denied the

causal nature of this or any other similar fungus and stated that if

present, it was only an accompaniment of the real cause. Brunchorst

(4) ascribed the cause of scab to the direct action of a myxomycetous

fungus named by him Spongospora solani. The scab disease of Wallroth
 

and Qrunchorst is powdery scab, and the organisms named by them are

synonymous. Spongospora subterranea (”allr.) John is the final name

given to powdery scab, and therefore the citations above do not pertain

to the common scab of potato.

It was not until about 1890 that much of scientific value

in regard to potato scab appeared in the literature. Test of the avail-

able accounts deal with the control of the disease because of its

constant menace in potato regions where it often caused rather heavy

losses in decreasing the market value of infected tubers.

Thaxter (61) was the first to show that the scabby, corky

lesions on the tubers were due to an invading organism and was the first

to isolate this organism from scab lesions on tubers, grow it in pure



culture, and then inoculate uninfected tuber and reproduce the disease.

He recognized that the organism was tuber borne and con sined within the

scab lesions after digging and that the use of disease-free seed for

planting was advisable. Other early worxers who investigated scab were,

Bolley (l and 2), Humphrey (23), Kinney (31), Galloway (16), Tones and

Edson (29), and others. Of these workers, Bolley (l and 2) carrying on

experiments in Indiana and North Hakota probably did more extensive and

intensive work than any other investigator before 1900. Although he did

not classify the organism as did Thaxter (61) he did discover that there

was a definite plant parasite responsible for the disease and that this

organism was tuber and soil borne. He believed the disease to be due to

a bacterium and reproduced scab with an organism that he isolated from

scabby potatoes. He also made some progress in determining the environ-

mental factors necessary for the develOpment of scab and discovered that

the disease could be somewhat prevented by soaking the seed tubers in a

1-1000 solution of corrosive sublimste for one and one-half hours. Jones

and Edson (29), and Kinney (31), conducted experiments for the prevention

of scab and obtained some information on the value of seed treatment

before planting, and of soil treatment with sulfur.

Several writers have endeavored to separate the different

types of scab by th effect upon the *ost. Types of scab were recognized

before it was known that the disease was caused by an organism.

Humphrey (24) separated the disease into deep and superficial scab.

Both Thaxter (oi) and Bolley (1) recognized the two types of symptoms

but thought them to be variations of the same disease. Frank and Vruger

(15) claimed to be able to dieting ish morpholoaical differences in the



different types, iamely, (1) shallow scab, (2) deep scab, (3) bulginxy

scab, and (4) bulging deep scab. Forever, Lutman (38) believed these

different types of lesicns to be staaes in the advance of the same

disease. he also supports Thaxter's view point as to the type of

organism, stating that "the distribution of the hyohae is very irregular,

occurring on any part of the potato, but always in the outer layer of

the periderm", nd he makes the statement that "soab is dde to the

hypertrOphy of the cells of the cork Cambium, the cells of which are

much thickened due to their suberization". According to Lutman and

Cunningham (40) "the ordinary scab of po‘ato is due to an increase in

growth in the cork layer, the production of which is due to a stimulation

on its surface and in its outer cell layers by the grovth of an organism

which forms chemical substances which :re absorbed and which cause the

cork cells to increase both in size and number". Villard (47), point-

ed out the fact that several types of scab existed but believed them

to be caused by variations of the scabies group. Later in another report

(46) he listed six different types of scab, and tested 24 isolations

of Actinomyces for pathOgenicity, ll of which proved to be pathogenic.

These he classed as distinct Species. Jones (26) worked with different

types of scab studying he structure of the potato cells affected. His

conclusions were that the type of scab lesions produced depends upon

the activity of the organism and that deep scab resulted from the organ-

ism penetrating the cells so rapidly that a corky layer could not be

built up at the surface to prevent penetration.
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Soil borne scab.

Bolley (2) was among the first investigators to TBCOfanB

that the organism causing the disease "potato scab" was Soil borne.

He determined that the orsanism was capable of living at least four

years in the soil and then causing scab of potatoes. Jones and Fdson

(28) showed that the organism could remain in the soil 25 or more

2 of tubers. They also unintentional-
"-

years and then cause a heavy scabbin

1y showed that the organism is present in new soil. Lutman (57) proved

that potatoes grown in virgin soil were often scabby and that the

longer potatoes were grown in a field the more scab would be present,

disregarding the fact that all of the seed used was disinfected with

formaldehyde. Lutman and Cunningham (40) obtained results to show that

the potato scab organism, named by Gasperini, fictinomyces chromogenus
 

and which they identified as a scab producing organism, is wide spread

and is found in practically all soils, so far as known, but is most

numerous in these soils which are rich in humus. Literature on soil

borne scab takes up a wide field of investigation. “us to the research

of soil bacteriolOgists it has been dete mined that the ictinomyces

group make up a comparatively large percentage of the soil microflora.

Waksman (63) found that on an average 17% of soil borne organisms were

Actinomyces. heavy soils nnd those rich in undecomposed organic sub-

stances axe relatively richer in Actinomycetes than corresponding lighter

soils. In an earlier account (62) he found and named thirty Species of

Actinomyces, but later grouped some of these together into one Species.

He discovered that the Actinomyces group were not extensive anmonifiers

although they reduced nitrites to nitrates, and that they were strong

cellulose decomposers forging humus from organic matter. According to



Taksman (62) Clobig, Yossi—Dori, Pullman, and T'adsen isolated and

studied lctinomyces from different sources. Beijerinck (22) stressed

the importance of organic matter for Actinomyces growth. Fousek (14)

found more Actinomycetes in heavy than in light soils. Krainsky (32)

found 50% of the soil microflora to be Actinomycetes. Conn(8), (7),

and (6) observed a greater number of Actinomycetes, 39.4%, in old sod

soil, and concluded that they play a role in the decomposition of

grass roots. Millard (47) states that "scab occurs most commonly and

with greater virulence on light sandy or gravelly soils especially those

of a hungry nature, and it can be inhibited by green-manuring of the

soil.

The fact that the scab organism is soil borne is closely

associated with several factors affecting its develOpment. Fartin

(41 and 42) observed that the p? reaction is far more concerned than

is the soil moisture in affecting the amount of scab. Soils varying

in moisture content, but with a similar reaction gave equal amounts of

scab. When sulfur was added and a pH of 5.1 produced, scab was great-

ly reduced. Variation in the amount of rainfall caused no difference

in the percentage of scab until sulfur was added. Addition of sulfur

resulted in a decrease of scab in preportion to the lowering of the

pH value. The effectiveness of a given quantity of sulfur depends upon

its ability to produce an acid reaction when added to the soil. In

another article (43) he states that part of the inhibitory effect of

sulfur is probably due to its toxicity and not altogether to the pH

reaction. GilleSpie (18 and 19) using two synthetic and one potato

extract media, concluded that the potato scab organism would not grow
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in a ph loner than 4.7. the strains varied somewhat in their reaction

to a given p?, but the variation was not appreciable, and none of

them gave good growth at a p? love *
3

than 5.E. Us did not find scabby

potatoes on soils with a p? value of less then 5.1. This was true of

all soils, and, much, or peat. wheeler and ideas (71) working over a

period of three years shared that al forms of lime tend to promote

scab, and flowers of sulfur tend to inhibit it, hit may injure th

potatoes if applied in too large amounis. Culfate cf anmonia proved

even better than sulfur. Thecler, Yartwell, and ”oore (72) found the

effect of sulfur for the prevention of potato scab to depend on the

acidity derived from its application. Ealsted (21) obtained good con-

trol of scab by the application of sulfur. Lime gave 100% scab. Cor-

rosive sublimate, kainit, and cepper sulfate when applied to the soil,

decreased the crop yield as well as the amount of scab. Sherbahoff (57)

found that injury on various crops including potatoes resulted if

sulfur were added at the rate of more than 900 pounds per acre. When

added with commercial fertilizen it was less injurious. The injury was

more marked in light soils which were low in humus. In another article

(56) he reports that scab is greatly reduced with heavy applications of

sulfur, and that the number of scab lesions was more reduced than the

number of scabby tubers although the latter were also greatly reduced

by the treatment. Carmen (l7) states that "the use of flour of sulfur

applied to the soil gave little or no results and in some cases gave

more scab than the untreated". Lint (43) observed that sulfur reduced

the amount of scab appreciably, and the smaller applications of 500

pounds seemed as effective as the larger applications of 600 pounds.



Wedgworth (70) reported that the additions of sulfur Usually increas-

ed the percentage of clean tub+rs, and that 600 pounds of sulfur per

acre showed the greatest amount of clean tubers.

Other factors which have been thgu§ht to regulate if not

control scab are, moisture, temperature, and crop rotation. Shapovalov

(55) concluded that there is always enough cellulose in the soil to

perpetuate the organism from year to year. Crop rotation would not

eradicate the scab fungus from the soil. Sandord (52) believes moist-

ure the main factor controlling scab in the soil which he used, a dark

organic sandy loam. dcdb develOPed abundantly in dry soil while moist

soil produCed almost all clean tub-rs. The H. ion concentration varied

but little. Shapovalov (54) conducted temperature germination tests

Oto 40° c.with the scab organism and found that temperature from 35

were the most favorable for the genuination of the gonidia, though

unfavorable for long continued growth of the mycelium. The merimum

. , ° ‘ . o 1 0
temperature for growth is about 4u.5 C., tne optnnmn 25 to o0 C.,

. o
and tne minimum about 5 C. Involution forms are not the result of

temperature conditions. Jones, NcKinney, and Fellows (27) conducted

experiments in the "Wisconsin tanks", the temperature ranging from

0 0 . ‘ ~ .
11 to 30.5 C. They determined that tne develOpment of scab is influ-

0 IT“

enced by soil temperature, the Ogtimum being about 22 C. inis is in

accord with field exgeriments of various investigators showing that

there is a greater prevalence of scab in hot summers than in cooler

ones. Jonas and YcKinney (28) stressed the point ihat potato scab is

not so prevalent in Yorthesn Europe as it is in "orth America where

the sumner temperatures are much higher.

Judging from the data given by these investigators, it would



seem logical to believe that scab development is inter-dependent on

a combination of factors, one of which may be dominant for a siven

condition.

Taxonomy of the scab group,

A great deal of study has bee made of the group of organ?

isms causing "potato scab", but as yet it is not definitely known

whether or not these organisms causing the disease can be placed in

one distinct species. Thexter (61) was the first to associate and

prove that an organism was directly the cause of the disease and

after a great deal of study he n med it Oospora scabies. His des-
 

cription is very specific and while it is probable that several types

of scab organisms will fit in generally with the description, it is

also true that an organism would nave to be grown under the same con-

ditions as was Thaxter's original organism before it could be proved

to be identical. His reasons for placing the organism in the genus

Oospora were that it appears more nearly allied to certain forms in-

cluded in this genus by Saccardo. However, he adds that "it is need-

less to remark that the genus Oospora, as given by Saccardo has no

scientific value, and the reference of a form to this genus is merely,

as in the present case, a confession of ignorance concerning its true

position". Bolley (l) believed the organism to be a bacterium. How-

ever, he “id not name the organism and later in his report (2) he

states that it agrees with the description given by Thaxter.

Cunningham.(ll) isolated three forms of an organism from potato scab

lesions and reproduced the disease upon inoculation. He believed

then to be identical with Thaxter's, but disagrees with the generic



name because the two characters, true branching and aerial fruiting,

separated this organism from the bacteria, and are recognized as im—

portant characters of the family chobacteriaceae and of the genus

Streptothrix. Upon this basis Cunningham thought the organism should

be placed in the genus Streptothrix. Gussow (SO) disagrees with

Cunningham in the use of the name Ptreptothrix because it was used by

Corda in 1859 for another genus and accordin? to the Vienna code cane

T7

not be applied to a second one. he states that other names such as

Cladothri , Yocardia, and Actinomyces have been loosely used for the

organism causing potato scab. Cladothrix cannot be used bQCFuefi of its

also untenable be-(
I
)

false branching and ciliated spores. Nocardia i

cause the name was applied to other organisms by Saccardo, and Gussow

therefore changed the name to Actinomyces scabies (Thaxter) Gussow.

Lutman and Cunningham (40) identified the scab organism as Actinomyces

chromogenus GaSperini. Nehinney (45) states that he was also able to
 

isolate forms of lctinomyces identical with ictinomyces chromogenus

in pigment formation but adds that various workers have demonstrated

that Actinomyces chromoaenus is a group of various species differing

in physiology and morphology. He maintains with Drechsler that the

binomial ictinomyces scabies (Thaxter) Gussow should be accepted as

the name of the organism which causes common scab of the potato tuber.

Drechsler (12) criticizes other workers on the genus Actino-

myces because they have been too quick to form conclusions on the

taxonomy of the group from details only slightly studied. his study

includes 18 groups or types of Actinoryces which he carefully describes
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morphologically. Ve believes that Lctinomyces does not re “eaent a

J
1

transition between the hyphomycetes an the Schizonycetes. he determin-

ed rather definitely that Actinomyces is a fungus belonjing to the

Fungi Ingerfecti. Conn (9) working with various culture media and 75

culture found it very difficult to distinguibh betteen the various type

of Actinomyces unless extreme care had been taken in preparation of a

protein-free media and unless the organism was repeatedly grown in the

same medium.

Lehmann and “ewmann cited in ”aksmen (62) consider the Actino-

myces a special group which stand between the Vyphomycetes and the

Schizomycetes; related to the latter by their slender hyphae and pro-

toplasmic progerties, and to the former by the branching formation of

aerial hyphae with conidia like structures. Claypole (lO)believes that

the higher sporing fungi, the true bacteria, and the acid-fast bacteria

have all arisen from the Streptothrix group which is highly variable

both morphologically and physiologically. within the group.ictinomyces,

Taksman (62), (63), (64), (65), (66), (67) and (6E) has probably con-

tributed more than any other worker to the knowledge of species and

forms. He classifies the organisms according to morpholOfy and physiolo-

gy depending in many cases on chromatic characteristics. Fillnrd and

Burr (46) studied the pathogenicity on potatoes of 24 strains of Actino-

myces, naming ll pathogenic species.

There has been a great deal of work within the group Actino-

myces and as has been stated by many investigators, the variation is

so great that separation into distinct Species is extremely difficult.

Perhaps there has been too much work separating the variations into



distinct species. This criticism has been o”9ered by some triters.

According to Buchanan (5) the following classitication is the one to

which the potato scab organism belon s: genus, Actinomyces; family,

Actinomycetaceae; order, Actinomycetales; and class, Schizomycetes.

Eyphomycetes is sometimes given as the class depending upon the in-

vestigator.
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STA”WT:WT OF Ti? PFCELTNAA.

The control of scab is a well known problem confronting

the potato growers in Ticni-en, and especially so in the southern

part of the state. In timES past when the growers knew very little

about potato scab, little or no cure was taien to prevent the

spread of the organism, and no thonght was given toward keeping the

riginal infestation down to a minimum. Due to the lack of this

knowledge and to the methods of cultivation and fertilizing practic-

ed, the amount of scab producing organism in the soil has greatly

multiplied. It is of common practice in many of the potato districts

to grow cover crops, mainly clover and alfalfa, for a period of from

two to four years, then leW them under and again plant the field to

potatoes. To make the conditions more favorable for ttese crOps,

lime is used to produce a neutral or slightly alkaline soil reaction.

These conditions are also favorable for the growth of the potato

scab organism, Lctinomyces scabies. Fillerd (47) stated that by the
 

addition of green.menure, scab could be controlled by keeping it as

a saprOphyte ra her than a parasite, a condition brought about by

the scarcity of food material. However, it has been shown by, Lutman

(37), Waksman (63), Conn (8) and others that an abundance of organic

matter, other factors being optimum, produced an abundance of scabby

potatoes.

The above condition has occurred in certain districts in the

southern part of the lower peninsula of Fichi~an, and the ictinomyces

content of the soil has been greatly increased by liming, and turning



under green manure crops. Another source of contamination rhich is,

often of importance and ich it is vell to mention, is the feeding

of uncooked potatoes to famn animrls, and te appli cation of the

manure to the fields5 fertilizer. Verse (45) has shown that the

scab organism is capable of oassin trrouh te dLfietive tract of

animals in the manure, which when apolied to the soil will increase

the number of scabby tubers. Thee: sources of contamination have

greatly increased tie scab menace in certrain districts, fTJuJ (
'
3

V
J
'

:
1

4
“
’
1

m

problem of great importance to the fr33ers.

The work.iehen up h;re has special refererce to the control

of scab by treating the sill with chsicols. Considerable work has

been done on the c ntrol rf scab b' seed treatment, changluj tr

reaction by the use of sulfur and oitzr chemicls, and b' the study

of enVironuint1 factors such as, moisture and temperature. ?owover,

little work has been done to control scab in the soil bf chemical

treatment.

'7
'1 V' '1 "

. cm.eman

(
1
)

Although sulfur treatuent of the gil, scour/1“; to

\

(67) and ”‘celer, Hartwell ond’txnkafTZ; acts prinarily as an in-

hibitor of the organism due to the acid reaction oioiurei in the soil;

it has also been sho n by other writers, I ebaxof (So) in particular,

that the continuous aiiition of laras guentities of sulfur to the soil

for scab control proved markedly injurious to other crops in rotation

as well as to potatoes.

In certain regions where potatoes are grown the soil if not

originally infested with the scab onVinis», has with te corItinued

plantin of the crop, become so heavily infested that “he ever

(
T
C
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1Jn° “Ubh “D mv—bturv. tb~n ‘etd b. evil Yeac«-;n, and or? nic

matter are favorable, a heavily scabbed cry; .roduced. Tuber

treatment before planting while effective for the seed piece does not

reduce the amount of scab in the soil that is badly infested. Sue to

the fact that scab causes considerable damage and econnmic loss in

potato growing regions, that the organism is soil borne, living in the

soil as a saprophyte year after year, and that it is most virulent in

neutral Or slightly alkaline soil, a practical control to be applied

in the field would be of commercial value.

Attempts were therefore made to find a practical neans of in-

hibiting the scab organism by the application of chemicals in small

quantities to the soil. To be of practical value, the chemical used

should have the following properties: namely, that it will not injure

the productive value of the soil, that it will not injure the growth

of crOps, that it is rather inexpensive and that it can be applied with

a fertilizer or as a fertilizer, and that it is effective in reducing

the number of scab producing organisms in the soil. If all these

properties could be found in one chemical, the losses caused by soil

borne scab could be reduced to a minimum by a simple routine of soil

treatment.
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It has already been stated that the main object of this

work was to determine if it were possible to disinfect the soil with

chemicals in so far as the scab organism was concerned and thus con-

trol the disease "potato scab". The results obtained from this phase

of the work, however, have made it necessary to study the problem

from different angles, namely, to isolate many strains of Actinonyces
 

scabies, to test their pathogenicity; to determine the effect of the

disinfecting chemicals employed upon these strains; to study the re-

lation of soil moisture content to the effect of the chemicals on the

soil microflora, and to a ltnited extent study the mycolcgical phase

or taxonomy of the strains.

Previous work on soil treatment other he sulfur for the

prevention of scab is very limited. Halsted (21) treating the soil

with corrosive sublimate, kainit, and copper sulfate, found that

these chemicals added in sufficient quantity to reduce the amount of

scab, also decreased the crop yield. In recent years more attention

has given to treatuent of soil by chemicals for the control of in-

fectious soil parasites, and at the present time work is being carried

on for the control of scab by soil treatment. Nartin (44) using

calomel, yellow oxide of mercury, formaldehyde and various organic

mercury compounds, found them to be highly effective in New Jersey

soils for controlling scab and Rhizoctonia. Work of a similar nrture

is also in progress at the Nebraska and Wisconsin E periment Stations.



 

S’Ill treatieuts

In the ei-Cperirsez‘sis cv- t-i'ied on both in the :-reen‘r1=.:;u::.e and

were used, namely, colonel, yellow

and

\

n organic mercury conpnun , a~

A0 or o

3
‘

in the field, four chemicals

at the rate

oxide of mercury, Du ay “905?,

aluminum sulfate. The chemicals were applied

10 and 20 pounds per acre reSpectively in the rows at the time of

in six plots in five

at the college. They

The field exyeriments were made

”'3'; 6 retno plots

scabby and clean

planting.

different sections of the state

were all treated in a like manner and the amount of

e dug.

The aluminum sulfate treat-

tubers either counted or weighed when they $5?

of scabby tubers was listed in each case.

the college.

cf?

»er of pounds per acre ofy

ment was included only at

?efnre being applied to the rows the ch micels were thorough-

ord easier application and more

\x

ly mixed with fine quartz sand to

:iven nwnTaking a

of grams of chemical to be added in a row 100

(
“
I

set for each row of
, ... :-

siunre 4e

,
Tie

uniform distribution.

the number

illowing ECO

st long p

the number of pounds

1:)
V

a chemical,

feet long was calculated.

that length, there would be li“.2 r028 1C0 f

accordingly calomel was applied

amount of chemical needed for each r‘w vould be

of chemical per acre divided by 14“.2. .fn

grams yer row 100 feet long, yellow oxide of

of 50.9 grams, Fufiay 7965H at the rate of 50.9

he rate of 61.8 grams per row. The

at the rate of 51.8

tL'

We control of potato scab are presented

mercury at the rate

and aluminum ulfate at(
0

a

results of soil treatments for t1

in Tables I - VI inclusive.
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Plots I and II were loc ted in field ll: at the callers.

They were planted to Pu set Rural potlt‘“(
\
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October 23, 1931. mhey were plants? bf hand droppinr in rows about

4 or 5 inches deep after the Chemicals ter added. The soil in Plot I

was a heavy sandy loam and that of Tlot II was more sandy and lighter.

Checks were planted on the outer rows of each plot and in between the

chemical rows, there being four rows of eficq caenictl in these :lots.

It can be seen from tie results in Table I that caIOmel and yellow

oxide were the least effective treatments and that all of the treat-

ofC
D

ments seemed to increase the anount of scab as fell as the degre

scabbiness of the tubers. The two inorganic mercuries favored the

production of scab in both plots, and the difference between then and

he check rows as s own by the data was very evident at the time of

digging. The tubers were all sorted into clean, and ii ht, medium,

and heavy scab, each group of which was then courted, and the tubers

in each division recorded in Table I.
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goon Jailed but Vprf lit le .rom .Lw CIWCL r.'s in the caocnt of scabbv

tubers.

~ h -. 4 x ,: ~TARLL III. Wesel.s cf ?;ll Treatnent ”or Control of ”stats Tcub on

*edpath urn, Yulamuzuj erntv
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Treatments

Calomel Yellow onije 955? Check

 

Yo. of Rows 5 3 5 18

 

Clean
 

 

'."ei:-ht 19.5 25.2.0 75.5 F913

Per cent 10.57 33.25 51.53 68.53

Scabbz

Livht

‘795—1 , -

Heliflt 04.0 SUQO 5500 204.25

Per cent 29.37 31.65 39.5 24.57

Feezx

“Bight 111.0 76.0 130

Per cent 6U.l6 45.1 8.87

.

.'
6
-
5

5

.15H
>
C
J

 

metal weir-tJ. v L» .l — -/~~ an f" r‘fi

of tubers” 16400 lDL.O ld'.O EQU.25

 

'
Q

m
)

. Q C
“

I
f
.
“

m. ..
iotal per cent £9.43 _€.47 51.17

scab

. T7

mhis glwt was lUCmted 1n -alswezoo county an I. 0. y«dpath's

yo

farm near .alamazso, Tichigan. The glut res pl ntcd June 17, 1931 to

Pusset “ural botttoes, end they were hcrve ted October 19, 1931. A

9‘“

sandy loam type of soil which had previously grown pstutoes and maich

had been heavily limed fer a cover crop was used. There were nine rows

300 feet lon:, the three center rows Were divided transversely into

nine rows 100 feet lang, three laterally adjacent rows be'ng treats“



with one chemical. In Vis m.rner the treated rows rcre end to end

there being three grou;s of t;1ree rows each with each greup treated with

a different chemical, all three treatments making three rows ECO feet

long. Check rows were placed three rows on each side of the treated

rows.. The potatoes were sorted into clean, light scab, and heavy scab,

and the results were taken in W81 ht of each division of potatoes.

TYlerfarm, Branch County

PLOT V

 

Treatments

Calemel Yello07 onide 965. Check

 

(
2
3

C
R

#
3

H OD’.o. of Pows

 

Clean

Weight 71.75 55.75 153.75 338.75

Per cent 37.13 28.33 52.29 52.21

 

 

”Blgdt 75.75 63.25 .106.5 264.55

Per cent 38.16 43.33 40.47 40.77

Heevz

Teight 47.75 53.75 18.5 45.55

Per cent 24.71 25.33 7.23 7.02

Total W81;:.ht , l- _ .fl ,

Cf tub 01‘s 193.25 169.70 233.70 6‘:C‘..C 5

 
 

Total per cent

scab 62.67 71.67 47.71 47.79

This plct was located in Qrench county on V. L. Tyler's farm

near Goldwater, Vichi;an. The plot was 91mntcd tn Dus set Pure1 potstoes

lay $5, 1931 and harvested Octeb:r 23, 1331. The soil wns of a sunny

q

loam tr e to which a frtiliz .lr hrd been ni4ed. The plot consist=d of
7-‘4



la

93’ 9"“ —_‘ " - 7' .. . . -- ‘ ‘r , » »‘ J" ' .7 -

ten rows sod feet 10d , five cIeCu ..d [179 treated. Tie chlomelU
;

and yellow oxide of mercury consisted of three rows each and each

row 100 feet long. These two treatments were aleced end to end

making three rows 200 feet long. The Checks were each 230 feet long

as were the Dufiay 9553 treatment. Calomel and yellow ”ride geve the

least control in this plot although the aercentases of scab were all

quite high. The per cent of heavy scab showed a greater difference

and 733 comgnratively low for the 9653 treatment and the check.

TABLE V. Results of Soil Treatments for Control of Potato Scab on

Williams' farm, Oakland County

 

 

 

 

 

 

PLOT VI

Treatments

Calomel 'Yellow oxide 965H Check

No. of Rows 3 3 5 12

Clean
_

Weight 29.9 29.5 56.25 55.25

Per cent 28.45 26.16 53.72 14.25

Scabbx

Light

Weight 34.0 40.5 36.75 122.5

Per cent 32.55 55.92 34.18 3 .55

Heavz

Weight
41.25 32.75 34 .5 210.5

Per cent 39.23 37.91 52.09 53.9

Egtitbiiight 105.15 112.75 107.5 588.25

Total per cent 71.57 75.84 66.28 85.77

scab
 

This plot was located in Oakland county on Frank Williams'

farm near Nilford, fiichigan. The plot was planted to Russet Rurals

June 5, 195l and harvested October 14, 1951. The soil was of a sandy

t



loam type and a fertiliaer had been aided before planting. There

were 21 rows 1.30 feet long, 12 rows of checks and tires I‘ZD-TSS Cf each

of the three treatments. It till be notic:d that the results in

this plot do let conform to those .f any of the other glots. The

chemical treatment here all gave'nore control than did the check rows.

However, the gercentages of scabb; tubers are all so high that few

if any conclusions can be drawn as to the effect of the Ch8¢lual on

the scab organism,when considering this one indiv'dual plot. It is

true that this section of the state received more rain than did any

of those where the other plots were located, but comgtring W‘th the

controlled moisture exoeriuents this would not exglain the results.

Summary of results of evil treatments
 

In considering the results of the field plots, it can be

readily seen that the chemicals were not effective in the control

as, slot ”6, was
4-

L
‘
D

of potato scab in any of the plots. In only one 0

there a greater percentage of clean tubers in the treated rows than

in he checks. The chewicals did not all produce identical results

but seened to produce preportionally the sane results in all plots.

Duflay #955H and aluminum sulfate did not seem to vary from the check

rows a great deal. The aluminum sulfate on the two plots at the

the untreated

Q
:

H
o

Q
:

collece gave slightly'more scab on the average than

rows. DuEa #9655 produced nearly the same results as did the aluninum

.
I

._ _
r‘

r~ L) C . 4. . .. ‘ 1.‘
('3 1::

sulfate, haV1ng sl1ghtly more soao on the aVcrcge than dii tie ch,c s.

~
, - ,.. 0' ‘1 .-

Calomel and yellow oxide of mercury 1n all but one plot La.e consider

ably more scab than the untreated rows and the average percentage 0f



scab is much hi;her then 7ur the cheeks.

“.7 K .pnb— 1.. . -.o m. Pr ( ‘-,__,r .‘ .- f~ -_ ‘ ...‘. 7‘1». - 1-.7 -.‘PA¢ JI. Pelesstscts e. use siere as envy tsu:rs RCCUMEThJinfi
V
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Q
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Aalxmwl
71,067

5. l

7,11
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.L’C'LLDVV 031118 €9.34 _ 4.1.3::-

ftp m (‘12 "~ -
DU?EL C- I AK; .gu SOL":

. ‘fi. , . - ' . -

AlumiLufl sulpxte 5”.l€ 5.1;

"rtrestefi v~vs 5‘ 49 l— ”3x . -.. -~ ._;.. .s- ' .\..-

rjb
‘ ‘ *0 O ,- N. (‘a

‘

J me .‘s a 1:3 I r:a.1-n in t.e Al -cx: t c.- ‘e.ls in t‘e

P .-. -4» -. ‘ n . ,.--1.. -. — . -—t.. .1 .23 - ,2“ .‘.
ierte.taie bf scab yrceqcel en a sl“_le _th end in 3 sih,le cl: ical

on several yl is, but tie _rogcrilens of g reeniuga sf scab fer each

chemiCal ii” nut ‘33; e2:tr‘ .ellg. Vgr itsta:ce if Plot #6 weve eliminated

the ef7cctiveness of tle treetsents oval; we listed as felluxs: Calsgel

33d IBlluW 33:3: tre‘t.ehts CCCJ. uni i the hithest 3réent&;€s of

scab with c;lumx*l Yin: tie “i

7.4
‘ -« . ’2." ~- L t» L. .— .
a;e Of 6.u52 ;1elter U;n tee eVer3

Yellqw oxifie In L:d Zi_he~t in percentage sf scsbby tubers, with the

Du_ey “9653 treatment csneiéereblj lo.er and cnly sli3‘tlv LLrh3r than

the check rats. In Plot g6 th data show the percentage of scab to be

slightly less for t7:1e treated rems than for the clecks, a point wuich

would have been sf much interest had not all the percentages of scab

in this plot been very high, the lowest being 66.2(5 flld t‘e hihe st

being 65 .771, a éiffezwe2ee tJO sulll in such high percentages for



signif103nce.

)
3

“reenhcuse \cil treat ext1

 
 

A section 0f

potntees in e b'd tiere pots

treated

L
‘
)

er ain exactly the ssme mann-

srpunt ef the cleniculs to be added M3

long instead of 1C0 feet.

q

:11." t‘.

‘2

4‘

aluminum sulfate, being added tn the list of treatments.

three rows of checks.

(
I
)

._ _ .. _\ ~ .-

;?=3‘_:I;T 11-28 17 €539.31.

T.’ 2' T’ E!

E ) I

. .~4

U

is ullo ed three rows bf each treatment, tLe fourth chemical

~‘ ~‘ t -‘ . ‘- .I n " o‘

..'\1’ [J.:- DZA..C:\.1.

1‘)r

Tfie 5311 was

exceLt that the

?»r a rcw 17 feet

Fifteen rows could be plgnted quite easily

There were

In the beginning this plot was limcd heavily

reaction and the soil was heavily

inoculated beth with bulk cultures of Actinemjces, presunebly scab

producing types, end then with s:

scab was found in great abundance during the SUmer of 1931.

crops were grown, the first plented

July 1%, 1931; the secsnd was

January EC, 123432; the third Wis giant 7C1

I .‘u‘ ,- '1 . . ..‘ -, _ ‘ a

8d April 3’5, lit-120 (Pyle flrpt 1AM) LEI“,;P;3

Husset Rural and the tlird we
‘

v." t"- 3 ‘0 1

n'.-AS 1} 31113.11; Vida
I

RAF
J

moisture he

ditions, about 20%, .1d the

n:0p ~‘n r3“ -...\ 'Y-- r- - "'0
{iu w ., 11.; «AVCI'JLK'J being Lb.) Lit 20 C o.

3° 01‘ ‘40 C. 1688.

but when the second crop was

change the soil. The rows of

netely for

grovei‘there

05-.

L» ,

s clsnted to Irish Cobbler. The

temperature of the air varied from

9

If!

44.AWfile t

After the first crop was dug the Suil W88

lfr‘

Y”

11 +aken from a field tLere potato

Three

9&1 and harvested

thou ht to be cgtimum for grating con-

18

t of the soil was

changed,

3 jot an Opportunity to

potatoes were therefore planted alter-

the third crop in en ef?e:t to elininate us much as possible



n. . -. w.
the streets of the fi r.st eplication rf Chi'iculs. 033310313 were

applied for each crop of potatoes blunted. The 331. 358 reinoculat-

V. ‘ , 3‘ V 0" 1' ' 3. .--. v‘ 3‘ I ‘3 3 a" V . M _ . ,3ed and relimeo ,cr tie second crop out not for the third crop as the

I '.‘P "‘x' I“ ‘ t“ 1 ”‘2‘ ‘. vIK‘pL rauLBJ tram 7.0 to 7.2 .nl tze rrevi»us crgp of rotitces was quite

heavily scebbed. it the time o“ harve~ti:~ tle scabb' es nrll as 139

clean tubers were Counted, and the jercentujos calculated end record-

ed.

Summary of greenhouse soil treat ent results

It can be seen from Table VII that the results obtained in

the greenhouse are not the same as for the field and that the chemi-

cals in this case did not alt r the amount of scebby tubers one way

or the otherr. The results f‘ntoi nod from the first planting of potatoes

were not recorded becxuse Lrecticelly no scub developed end there was

a possibility that the soil was not properl” infested with the scsb

organism. The first and second crops of tubers were of the variety

Russet Rural and the third crop wss plxnted to Irish Cob oler a fact

that probably explains why the thir' crop v:es so much more scebbytnan

was the second crap. Cn the average the second crop showed slightly

more scebbing in those rows that were treated with the mercury com-

pounds than did the check rows. Irom a positive VieWpoint the results

obtained supplement those fr:m the field plots and indicate that none

of the chemicals‘ Vere efe tive in reducing soil borne scab under

tis conditions of tA'e exceriient. The moisture in this case was con-

A p

w illtrolled end held at an optimum growing condition, a fact that

(iisorove any idea vflminmLhta; e, that the chemicals were ineffect—
J.

Iive in the field die to low moisture content of the soil.
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Per cent 1 ’1
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Total number

0? tgbers 172 13“ 127 133 1G5

Total yer cent

" ‘ : :‘\ . I" -' I. ;. . r ,-. ‘ .‘.l 7 ' ..

SOHO - ”04.. ‘fU.O ‘ 4023' 56.1.3 q .115

 

 

D
J

0
3

(
A

To. of Rows 5 3

 

Clean
 

Eumber 6

Per cent C.Oé2 0.005 0.036 0.0 0.409
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strains of Actinoyvces that had been isolatefi. Tyrosinate liquid medium

was used for this work and

rent concentrations of
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saturated with an excess or mercur; mus uuue or

the co.:round to .. ‘* "*3" ‘ ‘ ' “ ‘ ‘

r - elcn 1l.sx uf Li;1il meuium. 0nccn- of liguid me‘

wit:;out che;ic 13 other tfsn the base nutrient s_

trols tzirou13ut these tests.

filenmeer flue he with a crpscity of 250 cc. \vere used and

O -. p g. .~.=-' . r ' -« ‘
1 O Cc. of 111111 Hdulum pl ced in each. Tuese were stopperel

cotton, strilizei, nni than inoculated in e steened transfer ro’m

' L. - ‘ -. ‘: "7’" so ‘ I ’ I
-

Vlth the organrsns that had been lsclateo ens 'rown in test tubes

*
3

:
r_ ' ~ .. . a ",1, .- . ,1....,

‘ .e lflUCULALEd llssns tere fillUued to incusete ts; wegcs 1n m03t cases

Q": ‘ ;'\ . ‘r r‘ n_ 1. _ A o _ _ fi
‘'nen t1e first {knee of tne 5x-erinsnt h~u been -3npleted,

o r‘ ..... )_ 13h '-1 V_ 1" h _..I a r ‘0‘ \ "_4 flit was le.1ned tuzt all of txe str ins lveilaole Vere capable of ore-

ducing growth in tfie concentrated solutions of both t"

t‘: ‘7' ‘ 1." vv- -" 'i' : f‘ I" f ' ' j. "1" T 1"

fi ' ‘ ~ ' ' 'he Jel o“ ollue u mercury. -n .ue:c see the 60035. mercury cou-

ltercd off tfle s:t rated solutions. A good growthH
-

pound hed been f

was made in near ' e11 flgsks 3L3 the first thcu3ht we" that these

cheuiCsls were toxic to blt Verj few 01 tFe crggxisns. Forever, on

closer obseertions it coal; be seen thut there was at first a larger

amount of growth in the check flasks then in those with tfie saturated

solutions, but that in tine no difference Could be observed. Lccord-l

infly t;e Concentrate3 solutions vith en ex;ess of mercury tere e iled

to the exgeriment. When time Red elsp;r1d fcr te e flusks to be

exmuined, it was nvtic ed that a great many of the flasks had no growth

at all, eni tret Orll on cccesionv1 organism produced a marked degree

of grovth. In ttsse flee s cuntninin‘3 onlyc11s-tenth ofthe con-

m iin; that in tte check(
I
.

centrated solution grant? was ebullint, 91c



flasks in most cases. PUTDiCUldr attertion nus riven to this con-

dition, the occurrence of which seem~d to be Cuhfiifitfifltly the sane.

A marked increased growth would occur for a short time wLen the

organisms were subjected to the sexier uercuriul solutions out later

on.litt1e or no G ffereace cou1d be observed.

The fect noticed in the 3b,ve Cises will be discussed in

ults. It should be(
p

U
!detail later in the chapter on discussion of r

mentioned here thwt the two mercuri is, colonel and yellow oxide of

mercury are both highlv insoluble. The solubility of celomel is

0.0003 , and yellow exile of mercury 0.00515 in lQO parts of water
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r tvsd. mhe signs above are as follows: ***e :sls heavy growth, ** medium
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WTOEt * light growth, and - no growth.
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of scab gave no notice;ble munitive resul‘s, gnd in mun? c see seem-

ei to five neg"tive results, 1t res deei£;& t3 stui* tke e’fegt 3f

the che¢icals Lfliur c:.trolle d ccniitiene, esrecielly in :el: tien to

—~ v 1-~ «,1 .. ~ 4-- ~—. .3 .. ~..

eture content of tme s.ll Ls J3;t n? t!: Penullb were tgkjnH
.

the me

+
%

in the fell C 1931 after a vary dry gunner. ".e nuvtmr W” OTfifiniSfls

per gram of sail fins c»1ntei at the b: innin

experiment and it was nmgai that in tflis menrer it fleck} be prisible

to find the actual e? set tf the chemicals en the microflons a? the

soil. The czleniculs were the se;e as these need l4? the sell tvert-

1

l

.‘ .I, V,__ .,.‘ ._.\ -..\ _ '3‘, ,,l w_ ‘2'“ .v'fia r . ». ‘ ...,‘ . ‘--,

ments,end tley here t4 Ju nee} es nezrly an cuel3 be CulCthtdu 1n tne

nge propertienal treetMent es egglied in the field. This Wus very

H

G
)

iiffi cult to eetimete with any d3: -e of accuracy since tie ameli-

tions in the field aer more frem the 33rce steneneint, with

ward given to tfle VQlUMB “1‘ soil tWeetei. gLe field treat-'L

‘4

little re

{
:
1

G
)

L
3

d
’

'
1

L
3

(
.
0

I
"
?

.0 use a jiven number qf pounls of chemical ger acre

tributed as uniformly es posgible in the re s, tEe r3”s not being

much were if any than four inchzs Wide uni anproximttely four inches

deep in a V shaped furrow. T"pen this 0 sis it was calculated that

the ectu1 volume of Al trez¢ted was four inches by twa incees by

100 feet. Vrum these éete the emeunt of chemict fer t eating a one-

evund hex of soil was Calculfited.

¢he soil was first air—dried, weirhed out in one peund

0" __ a w w (‘4 “-1 o r) ‘ A r“ “r .000 qp'.‘ ..‘..‘--‘,-Se 1- ‘ 1-1011 vrvae

5C1Xi.Il‘:b {1le PL -CCQ 111 10;) ounxae g le K1- A 1.1 .1".1 L.LA‘\’C NIL)15'?) la .IJ.

prevified with 1115 Qy tt-en oven-lryint a sigil r sengle, the per cent
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of moist wr: in tne elf-off suil «an Séturnlnci or tbe encunt of meter

‘1' r. ,0 ;,_ ~~ \ ~ ,

uuut LLB i,.Le.5ent then all of the smivies w-rc V'ei ,&_ m,m ““il . s

‘..h I ~_, -
_.\ J .-' . ,I v _ i "l E:

teined by chemical treatment. The sengles w;re weighed, net incine-

ing the box, as 453.5 orens (one pound) of air-1r; soil, end then e-

nough water added to grczéuce the reeired moisture

were 5, E, 12, 15, and EC per cent. These :ereeute*es shouli be ex-

plained to evoii con?usion. They renresent the per cent of the total

weight, scil end meter incluiei, and 50 not repreeent Lie per cent of

the maximum amount of water tie soil would hold, wlich is the normal.

way of stating soil mois tures, end vhich woulfl h" 9 been e far less

confusing ref of giving gercenteges.

One 1UFrel boxes of soil Tere UTPQ in Hie exgrcient each

holdin~ one nounfi of air tr: SSiL, and the e-were sepureted into

Eroups of 20 each. 016 STOhP T17 lett es “RSCRSa ‘33 ‘59 ithér EFGUPS

were treated with one chemical each. tvery group was then sepudeted

I

’ a

into smeller grougs, the ‘oil of which was held at the following per-

centeees of moisture: three to: as at 55, three at 8%, three at 12¢,

three at 155, rnfi five at 15 moisture. These were held at 15% for

two months after which they were dried to £5 for one month, and then

Wye

brought becK to 153 moisture for one morth “non the ex;er

held continuously at 205 moisture. The moisture con-

Three boxes were

tent of five boxes was Varied from 15% down to 85 811 back to 15%

to determine if variation in moisture coterrt ".'oulo in any wey e ter

,— . .—n n 1.

ect of the chenit:tls on the soil micro?lore.
;ch oi tle

the eff
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Seversl facts brought out in these investigations are

fundamentel and should reCeive considerution

clusions. They may be enwuereted as follows: (l) none of the chemi-

cals used for soil treatments in tLe field and greenhouse gave defi-

nite control for potato scab; (2) there was an increase in the amount

of scub in comparison to the ch;cks when two of the chenicols, calo-

mel and yellow oxide of mercury were applied to the soil; (3) the

field results were all isken in the fall after a very dry sunner; (e)

the number of Actinomyces increased in proportion to the number of

bacteria in soils treated with calomel and yellow exile of mercury

when held at the lowe' moisture gercentages w ich were 57 and ET;

(5) some of the lctinomyces orearisns isclsted from the soil and po-

tatoes were able to make some growth in the concentrated solutions of

these two chemicals; (6) nearly all of the organisms were capable of

making goo growth in these concentrated mercuriels unless in excess
(“

13

of the compound was ePled to keep the concentration up to s turstion;

(7) some of these organises seemed to be stimulated for a short time

by the weaker solutions of the chemicals; (E) 35 of the 57 strains

were capable of producing scab on tubers; and (9) several of the

strains that produced heavy scab on tubers made a linited growth in

the concentrated solutions of colonel and yellow oxide of mercury.

It could not be said that any of the chemicals controlled

the scab in any de ree when applied as soil treatments. The rows

which were treated with aluminwn sulfate showed a smellir percentage

of scabby tubers than did the check rows and this was noticeably true
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