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INTRODUCTION
Plant associations that produce beneficial or ill
effects on one another have long been recognized. Crop
rotations are considered essential in most cropping systems,
yet there is little understanding of how one crop influences
the subsequent development of another.
The work herein discussed, results in part from an

observation made in 1945 on a f£ield known to have been

contaminated previously with Plasmodiophora brassicse, Wor.,

the organism that causes clubroot of cabbage. Gries (13),
Pryér (50), ahd Walker and Hooker (46) reported on the
effect_ofdpotassium on increasing or decreasing the incidence
of clubroot. These findings prompted the author to

éstablish field plots, at the Northern Indiana Muck Crops
Experimental Farm, to test their practicability. Contrary

to expectatioﬁ, the cabbage grew well on all plots, and

no clubs were found on any plaﬁts. Reference was made to

the field history and it was found that peppérmint (Mentha

piperita Linn.) had been grown on this field for three

years preéeding'the cabbage crop. A field of cabbage only
thirty feet away, bn soil not previously planted to mint,
was destroyed completely by clubroot. Both cabbage, which
is commercially important and always jeopardized by
clubroot, end peppermint, which is of major importance in

Indiana and Michigen, were therefore involved. Both crops
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are grown in the same parts of the states of Michigan and
Indiané, but not necessarily in the same locality and on
the same soil types. Should mint* in rotation with cabbeage
prove beneficial to cabbage production in the areas
threatened with extinction because of the clubi'dot, the
" mint crop could be introduced and grown either as a cash
crop or as a green manure crop for the control of the
clubroot disease.

This problem involves further, the recognized fact
amonglgrowers and those familiar with research dealing
with peppermint, that the yleld of pepperminf oil declines
after several years of continuous mint cropping on organic
soils. No program of fertilization has been found that
will restore the original vigor and yield to the planting.
A common physiological disease termed "squirrel ears" by
growers, often develops in these fields. Affected plants
seem to be prematurelyvold physiologically. They become
"hard" and the yield is depressed. |

Other crops are known to be depressed when grown

following mint. Experienced farmers, for example, will

not plant onions in a field that has been in mint and some
growers have reported that potato scab is more serious
following this crop. OCorn, however, exhibits no ill effects
following a pepperminﬁ CIrop.

The objectives of this work were to study some practical

*The word "mint" will be used interchangeably with peppermint.
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controls of clubroot, with special attention to the effect

of peppermint on the persistence of the organism, and to

determine, if possible, the mechanism of its control.




REVIEW OF LITERATURE

No direct reference to the association of the pepper-
mint plant to cabbage or the clubroot organism has been
found.‘ A
. The literature cited, therefore, must pertain to the
clubroot organism and its control, to the various types
of plant associations dealing with control of plant
diseases, and to references to the mint plant and products
produced byuit.’ Because.of thé abstractness of the |
prbblem; litefature bearing on the subject, even in a
remote way has been included here to present more effec-
tively the background.

Michael Stephenovitch Woronin (56) first described
the causal organism that produced clubfdot of cabbage and

named it Plasmodiophora brassicae. The disease was”not

new but the cabbage crop was of such high value to the
Russian market gardener that the Royal Russian Gardening
Sociefy of St. Petersburg posted a prize for a scientific
solution to the problem. Independent of this stimulus,
Woronin completed his work in 1878, The study is especial-

ly memorable because little has been‘added'to the essential
facts in the past 73 years.

Woronin stated that the disease was known by many
names. It was called Kapoustanaja (eruecifer hernia) in

Russia; Kohlhernie and Kropf des Kohles in Germany; and



Vingerziekte* or Malade digetoire in Belgium. In Spain,
Ruiz Diaz dé'Isla (18) attributed the disease to a
syphiiitic inféctidn,'énd in England it was called club-
bing, clubroot, ambury, hanbury, and fingers and toes.,

‘Woronin described the swellings on cabbage roots and
méntidnedﬂthat the largest ones were usually found on the
tap-root.. Clubs exist for fairly long periods of time in
dry soil but in wet soil they rot rapidly. The paren-
dhymatous tissue falls away from the vascular tissues,
which remain for some time., Usually the decay begins<at‘
the deépest point in the soil. Auxiliary roots are some-
times produced from leaf scars on the stem when the root
is diseased. Woronin pointed out that the disease attacks
most all cultivated crucifers such as cabbage, turnips,
and rape, and most,of fhe weed members of the crucifer
family.
‘ In 1878, Wdronin‘stated "In my opinion,-the absolute
eradication of hernia on the éébbage plant 1s impossible.
Anything that would destroy the ofganism would destroy
the plant." He made three recommendations for the control
of this diéease:

1. A1l stems and roots should be gathered and burned.

2. Sort plants before setting in field.

3. Practice a rational crop rotation.

*According to Karling (18) the word Vingerziekte mentioned

by Woronin and others is unknown in Belgium.
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" He then stated'tha£ the last measure 4id not work,
because perhaps not emough care was taken in its practice.
Karling (18) pubiished a treatise entitled "The
Plasmodiophoraleé", in which he cited 586 different ref-
erences on the clubroot organism and its -control. He
stated that there are probably additional references that
were omitted accidentally. This work reviewed the literature
up to 1942, Except for papers of special significance,
therefore, reference to papers prior to 1941 will be listed
as taken from Karling (18).
A description of the causal organism folloﬁs (18):

Resting spores globose, spherical
1l.6-4.3u, average 3.9, oval, ellipsoi-
dal, 4.6x6,, sometimes constrlcted
elongate and irregular, 2.5-6.9« with
smooth, relatively thin, hyaline walls.
Zoospores pyrefornm, spherical 2¢5=3e54,
swimming rapidly and becoming inter-
mittently amoeboid. Sporangial plas-
modia variasble in size. Zoosporangia
few or numerous, small, oval, spherical,
6.0-6.54, angular and elongate with thin,
hyaline walls; producing 4 to 8 zoo-
spores which are liberated by the
collapse of the sporangium wall.
Sporogenous plasmodia 100-200 in diem-
eter, hyaline to pale-grey in color,
amoeb01d encysting occasionally,
undergoing schizogony into urni- and
multinucleate meronts,

Ayers (1) studied the ‘life history of the clubroot
organism and'bbserved that the resting spores germinate
to give rise to biflagellate zoospores. When a zoospore
comeé in contaét with a root heir or the epidermal wall

of a cruciferous plant, it settles down as an amoeba and



‘penetrates the wall to form a young thallus within the

host cell. ' The thallus may or may not become enlarged

before the protoplasm undergoes change and an irresgular

. cluster of zoosporangla is formed. Each zoosporangium contains

4 to 8 zoospo}es, which at maturity are discharged from |
the root hair if free moisture is present, otherwise the
fungal protoplasm disintegrates. Only 4 to 6 days are
réquired from the time of infeétion to the discharge of

the zoogpores from the zoosporangium. The part that these
half-sized zoospores play in the life history of the disease
is not known, but it is important to point out that studies

on the control of the disease have not taken them into

‘consideration. Heating (18) the soil to 140° F for one-

half hour kills the_spores.: Many chemicals have been
used with varying results. Some capable of killing the
organism will also kill the host or depress the yleld of

the crop. No practical field control was reported from

chemical treatment although most of the standard fungi-
cides such as mercuric chloride, formalin, and sulphur

were used as well as many other chemicals., More recently,

Walker (495 working with solutions to be applied at
transplénting time has pointed out that mercuric chloride
was the only material giving good results. This would
require about three pounds of mercuric chloride in 350

gallons of water per acre. Green (1l1,12) observed good

. results with the use of a calomel dust abplied in the row



before planting.

Application of lime (18) has been the most widely
recommended practice in the field, yet the results have
been variable. Over 50 workers reported behefidial effects
from lime, while about half that numbexr have reportediun—
favorable results. The amounts recommended vary from less
than one ton up to sixteen tons of lime per acre. The form
of the lime is reported to be important but ground lime-
stone, hydrate of‘lime, sleked lime, calcium cyanamide
(CaCNg) and caleium chloride have been used by various
Wbrkeré with contradictory results. It was belleved earlier
that lime tends to retard spore germination but it has
since been shown that spores germinate over a wide range

of pH. \SincéAinhibition by the salts of other metals has
been shown, some workers have concluded that the essential
factor is the presence of free hydroiyl_ions in a soil.
Karling (18)'reported that Bremer, working with portions

of infected cabbage roots buried in different soils, con-
cluded that the spores would not germinate as rapidly in
alkaline soils as in acid soils an@, therefore, the organism
would remain in alkaline soils for a greater length of

timé. He used a technique for extracting the spores from
the soil first by plasmolysis in salt solution and then by
deplasmolysis in wéter; No other reference to this approach
has been found. Dillon-Weston (7), Daines (6), Garrett (9),
Chupp (3) and manj other writers have continued to |

recogmend the application of lime even though its use has
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not been particularly.‘ effective. Walker (45) states that
if the pH of the soil is meintained above 7.2 along with
sufficient soii.moisture, the effects of the disease will
not be sevefe. He attributes the failure of liming under
certain conditions to the fact that plant roots give off
COs, forming more carbonic acid in the soil close to the
plant roots than can be neutralized by the lime, thus
allowing the organism to attack the roots. Walker (47)
found that Calcium Cyanamid gave erratic results'in re-~
lation to control of the disease. According to Crowther
and Richardson (5) calcium cyanamide breaks down into
different‘decomposition products, depending on the soil
reaction. In a water solution, free cyanamide is produced,

2CaCNs + 2H,0 — Ca(HONp)z + Ca(CH),
The free cyanamidegin an alkaline solution polymerizes to

form dicyanodiamide, FHB
| ¢ = NE
NH°CN
In an acid solution, the free cyanamide hydrolyzes to form
ﬁrea, ,NHg

which is ineffective in killing the spores of the clubroot
organism. The most effective control with Cyanamid has
been observed when the soil was already approaching a

neutral reaction before the appllication of Calcium Cyanamid

was made

Observations on the basic fertilizing elements offer
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ﬁo praetical solution to the problem, although a deficiency
of potassium dééreases the disease as shown by Pfyor.(30),'
Gries (13) and WalkerA(43). A deficiency of potassium |
would élsb decrease thé yield of cabbage on organic soils
below economical commercial production.

Soil drainage (18) was early considered as a method:
o: control Sut it has been shown that clubroot flourishes
on dry soil as well as on wet and that other factors prob-
ably entered into control by drainage., Sandy soils, clay
soils and soils with abundant humus have all been reported
as favoring the disease and Walker (46) produced the
disease successfully in quartz sand>and nutrient solution,
Soils (18) that warm up early in the spring are supposed
to be more conducive to fostering the infection but
temperature has been shown to have little effect on the
organism. It must be; therefore, the lower number 6f
~spores required for infection in the light s&il rather
than & temperature relation affecting these soils. Accord-
ing to Karling (18), Hayungs and Jonson and Bremer found
the disease to‘be less severe on marsh or heath soils;
iﬁ line wiﬁh this, Fedotova claimed that soils with a low
organic matter content required less concentration of
spores to cause disease than soils with a high organic
matter content.

Several other approaches to control of Plasmodiophora

brassica Wor. have been studied. Sanitary practices are
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recommended by many workers.(ls) particularly in relation
to the use of manure that is conteaminated with the organ-
isme It is khowh,that the organism can pass through the
digestive system of an animal'without being destroyed. '
Burning of infected roots and burial to a depth of 80 cms
have been recommeﬁded. Plowing under to a depth of 20 to
30 cms is not effective because it has been reported that
infection can take place to a depth of 30 ems. Wilson (55)
stated that in muck soils in Ohlio the clubroot organism
was found to a depth of 12 inches. Potter (29) stated that
the organism lives only in the top 5 to 6 inches in mineral
soil.

Plant beds (18) must be disease free and transplants -
should be inspecfed'before using. Disinfection of the
séed;'seedbed and soil have all been investigated. Warne
(50) has shown that clubroot can be carried on the seed

coat of Brassica species and suggests disinfection of the

seed as a control measure.
Various degrees of resistance to clubroot have been
reported (18) among the cultivated and wild crucifers.

None seem t0 be one-hundred percent immune and many that

are resistant under one set of conditions or in one loca-

tion, are not resistant in other locations and under
different environmental conditions. Xarling (18), listed
~at least 318 species in 59 genera of the Crucifeiaceae
that had been examined for clubrootf »Among these, all but

89 species and 8 genera were reported to be infected 1if
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clubroot was presént;.‘The small numbers of plents investi-
gated may account for lack of clubroot on some of these.
Host plants of P, brassicae seem to be limited to members
6f the Cruciferaceae and all reports of clubbing on species
outside this family have been proven false. The nature of
‘resistance or susceptibiiity is important since it bears
on control. It has been suggested that biological strains
of the organism differ in degree of virulence (45). This
might account for the éifferent degrees of resistance or
susceptibility reported by various reséarch workers.
Ssacharoff (18) in 1916, believed resistance was correlated
with low sugar content in the cell sap, but Whitehead (18)
later claimed that there was no assoclation between sugar
content of fhe roots and susceptibility to the organism,

Rochlin (31) in 1953 published her work dealing with
the nature of resistance to clubroot. She concluded that
no resistance could be attributed to differences in ana-
tomical structure of the roots in young plants. In adult
plants, the disease is restricted or hindered by layers
of cork, collenchyma, or by compact woody tissue. She
further attributed resistance to the amount of glucosides
contained'in a plant which, on hydrolysis with myrosiﬁ,
produced highly pungent musterd oils. Since that time,
Stahmann et al. (36) and Hooker, Walker and Link (16) have
shown that inhibition or inactivation of P. bragsicae spores

is produced by mustard oils, but that the exudation of
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these oils by the roots of crucifers does not take place.
Smith, Link and Walker (33) showed also that resistance
to clubfoot was not due inﬂany large part to the presence
of pre-formed extractable phenolic or acidic fungicidal
constituents in the cortical tissues of the fleshy roots
of crucifers.

During the last decade, Walker (44) and Walker and
Larsoh (48) have reported progress in breeding for club-
root resistance. TFrom kale-cabbage hybrid rogues found
in a Wisconsin cabbage field in 1941, resistant progenies
have been developed. The f] of crosses between cabbage
and selfed progenies of the kale-cabbage rogues segregated
heavily to susceptible plants while in the fy a small
nqmber of resistant individuals appeared. These were
divided equally in type as follows: kale type, intermed-
ijate type, and heading typé. From this last group
selections were made toward a commercial type of cabbage.
Walker (45) states that the garden kales are susceptible
bﬁﬁ that cértain varieties of stock kale are resistant,.

Theré/remains another possible approach to clubroot
| control -- that of the association of piants in rotation.
This phase has been observed and studied by more than 20
workers (18). It has been shown (é) that spores-of}g;
brasslicae can live in soil without the présence of a
host plant for 7 to 8 years. Obviously then, a long
rotation period without a susceptible host plant would be

essential for control by this method unless the association
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of another plant affected the viability of the organism.
Halstead (14) reported.a five—fold.increase in turnips
“on land which had previously béen planted to buckwheat.
The buckwheat plants were chopped up and worked into the
- soil. Less clubbing developed on the first crop but the
beneficial results Were not evident the second year.
Murphy (18) recommended that cabbage be alternated with
cérrots; AMﬁllergThurgau and Osterwalder and Blunck (18)
Qléimed that three years of beans were effective in con-
trolling the clubroot ofganism in the soil. The species
of beans was not given. Pettera (18), in 1917, maintained

that Physostegia virginica Linn.,'a member of the family

Labiatae, bachelors button,‘Achillea ptermica, of the

,family Compositae, goatsbeard or astilbe of the family
 Saxifragaceae, and pyrethrum of the family Compositae,
all have an inhibitofy effect on the clubroot brgénism
andvinactivate the spores within three years. TFedorint-
schik (8) recommended that grass and clover should be
used during the last swo years of a rotation to avoid
plowing the land.

Examples'of other crops that have beneficial effects
on the cont:ol of soil-~borne diseases are cited'by Smith -
(34), by Atkinson and Rouatt as reported by Lockhead (22),
who show that residues from soybeans decrease the inci-
dence of potato secab. Hildebrand and West (15) incor-

porated pleant remains of soybean, corn, red clover, and
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timothy into soil - in which strawberry plents were growne.
Untreated soil, sterilized soil, and soil treated with

manure were also used. The plantslin the sterilized soil

and those in the soybean series remained free of the root
rot. West and Hildebrand (54) again showed that soybean
planﬁ material reduced the'inéidence of root rot on straw-
berry bﬁt that red clover did not and warned that soybeans
do not inhibit all root rot diseases, pointing out that
Beckley and Koch had accentuated root rot of tobaceo by
breceding the tobacco crop with soybeans. Hopkins (17)
discusses the resistance of the American grape root stdcks
to the vine phylloxera. This soil-borne aphid attacks the
native French root stock but is starved out of the soil
when the Frénch vine is grafted on American roots. |

| Besides the elimination of the host plaﬁt, which is
cohsidered to be the essence of a crop rotation as far as
the clubroot organism might be concerned, two other possible
effects of plant associations are suggested in the liter-
ature. Although not dealing with the peppermint and
éabbage plants, these references refer to type situations
which could epply to this problem. These effects may be
grouped as, first a change in the microflora of the soil
such that dominant organisms compete with and subdue the
disease orgaﬁisms by sheer vigor, and, secondly the effect
of exudates from roots of plants that.may be toxic or
antibiotic to soil-borne organisms directly, or toxiec,

antibiotic, or stimulating to organisms which in turn may
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be toxic or antibiotic on other soil inhabiting organismse.

.The effect of"plants on the soil microflora has been
studied by Starkef'(S?). He grew mangel beets, barley,
maize, rape, veteh, and soybean. With his technigue, he
observed*ﬂﬁ\ggﬁiiiggd%}gfezépceswhEtween the differsnt .
plant residueé but he did observe an increése in the number
of organisms in the rhizosphere as the crops matured.
Lockhead, Timonin and West (23) found that varieties of
tobacco and flax which were resistant to root rot supported
a lower population of bacteria, actinomycetes, and fungi
in the rhizosphere of the plants susceptible to the disease.
In 1946, Sanford (32) pointed out again the beneficial
effect of crop sequence or summer fallow on reducing soil-
borne diseases but.admitted that the mechanism of that
beneficial effect was still obscure. Garrett (10) in
illustrating the effect of a strong organism over a less
vigorous one, cited the work of Millard and Taylor in

which Actinomyces scabies (now Streptomyces scabies) is

killed by inoculating the soil medium with Actinomyces

precox which is also an obligate parasite but more vigorous
than S, scabies. He also referred to the work of King
who used organic manures to bulld up the population of an

organism which in turn attacks Phymatotrichum omnivorum,

the organism that causes cotton root rot. Garrett has
defined two types of soil fungi, soil inhabitants and

soll invaders.
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Soil inhabitants are considered to
be primitive or unspecialized parasites
with a wide host range; these fungi are
distributed throughout the soil, and
thelr parasitism appears to be incidental
to thelr saprophytic existence as
members of the general soil mieroflora.

Soil invaders, to which class the
majority of the root infecting fungi

s e o -BEEM b rbelong, are-more highlyspscial-

ized parasites, (the group to which P.
brassicae belongs) the presence of soil
fungl in the soil is generally closely
associated with that of thelr host
"plants. In the continued absence of the
host plant, such fungi die out in the
soil, owing to their inability to com-
pete with the soil saprophytes for an
- exlstence on non-living organie
matter. Thlis close association be-
tween soil invaders and their host
plants thus seems to be enforced b
the competition of the general soi{
microflora.

Weindling (52) | emph;size'd that the term "mierobial
éntagdnisms" now réferréd to cbmplexes as well as to any
two organisms. He pointed out that the mechanism of
microbial antagbnisms is very complex and that there
are’synergistic, competitive, parasitic and toxiec activ~
ities'of one'group toward another. It is now recognized

that it is pfactically impossible to evaluate the relative

importance of single factors. He discussed two approaches’
to improving on natures biological control -- the inocu-

lation of the soil with specific microorganisms, which
procedure has not given striking results except in legume
inoculation, and secondly, providing more favorable con-
ditions for organisms in the soil. As examples of the

latter he mentioned the control of cotton and cereal root
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- contribution of microbial foods by sloughed off root
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rots by applications of organic manures, the partial
control of potato scab by green manuring and the control
of rhizoctonia, causing damping off, by acidifying the
surface soil. These indirect approaches, such as,the

modification of the soil, have been most successful, [
XFEE] WWMN iR et T

VORI G g AR RN VLY TR BRSPS

Russian workers have advocated direct treatment with cul-

tured microorganisms, but so far other treatments have

been simpler, cheaper and more effective,

Lockhead (21) and Katznelson, Lockhead and Timonin
(19) have pointed’out how the growihg plant influences
the.balance between groups of soil organisms, Katznelson
and others (19) list the variods.modifications of the =il
which plants can provoke as follows: (a) lowering the
concentrations of certain mineral nutrients in the soil
due to their absorption; (b) partial desiccation of the
soil by absorption of water, (c¢) increase in soil car-

bonates following root excretion of carbon dioxide, .(d)

portions or excretions. ‘Emphasizing}the rhizosphere
effect, they point out that the increased density of
organisms”in the root zone with the expected associative
and antagonistic relationships will result in pronounced
favorable of unfavorable effects on the plant. They intro-~
duce the R:S ratio (rhizosphere to soll at a distance fron
the root) and point out that for evaluating the influence
of soil type, treatments, and other factors on the root

surface microflora, this ratio is of fundamental importance.
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In general, age and nature of the plant affect the number

énd type of organisms. Very little work has been done

on the effects of plants on fungi. It was reported that
isolatigrg,from coiLgoots on acid soils yielded Tricho-

. g IR ity - ‘

derma cultures predominantly whereas in alkaline soils the

roots seemed to be associated principally with species of

Penicillia. Waksman (41) also indicated the antagonistic

effects of Trichoderma lignorum which, when applied to

seed infested with Helminthosporium sativum, inhibited this

organism. The rhizosphere of resistant varieties of a
CIrop supports a different soil population from that of a
susceptible variety. Timonin (39) noted higher numbers
of bacteria énd, to a lesser exteht, of fungi in the
rhizosphere of varieties of flax and tobacco susceptible
to soil-borne plant pathogens, though these plants were
free from disease., It was suggested that these results

reflected inherent differences in physiological function.

of the plants, meking conditions generally more favor-

able for the growth of the organism around the suscept-
ible plant. .

West and Lockhead (53) reported that thiamine, biotin,
and certain amino acids were excreted from the rpots of
plants and that these substances favored the development
of those types of microorganisms that had complex nutri-
tive requirements. Waksman (42) outlined the interre-

lations of microorganisms in natural environments. He
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classifies them as follows: (a) favorable effects, such .
as the production of a growth substance by one organism
to promote the growth of énother (b).stfict symbiosis,
which benefits both, and (c){unfa#ofable effects such as

(1) production of an acid by one to destroy another

(2) nutrient competition

(3) antagonism or antibiosis
Sobels (35) demonstrated the production of antibiotics by
myxomycéteé and Lockhead and Landerkin (22) have diagramed
the interrelation and antagonistic effects of 11 actino-

mycetes on the organism causing potato scab, Streptomyces

scabies. All strains of actinomycetes tested were antag-

onistic to Streptomyces scabies, but in turn most of the

11 strains of actinomycetes were antagonistic to each other.
Lockhead and Landerkin state "There is increasing evidence
of microbiological equilibrium in soil, though one sver:
changing under the influence of temperature, moisture,

soll treatment and cropping systems...the microbiological
balance is affected by the antagonistic effects exerted

on certain microorganisms by others™. Brian (2) in June,
1949, conelgded that the capacity té produce antibiotic
substances is coﬁmon among all groups of soil microorgan-
isms. Evidence was presented to show that there is reason

to believe that production of antibiotics is responsible

(in part) for the numerous cases of antagonistic relation-
ships between soil microorganisms. He also{comments{that_

g

e
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Qontrol of soil~-borne diseases is of.great economical im-
portance but no attempts at biological control have yet
been successful. Katznelson, Lockhead and Timonin (19)
c¢ite numerous inétanCes of excfetions, such as that‘pro-.
dqced by the young legume root which attracts the nodule
bacteria to the root. Lockhead (20) was prompted to write
that "Resistance to a certgin diéeaée may be linked up
with a selective action of'root excretions upon the sapro-
phytic soll microflora, thus favoring types which may be
more and in other cases, less antagonistic (directly or
indirectly) . towards pathogenic organisms". Timonin (40)
demonstratéd that a variety of flax resistant to root rét,
excreted hydrocyanic acid into the surrounding medium,
thus exercising a selective power upon the fungus flore
of the rhizosphere. The cyanamide depressed certain patho-
genic fungi such as Fusarium and Helminthosporium but

appeared to favorrthé growth of Trichoderma viride, an

organism frequently mentioned for its ability to retard
other fungi. Susceptible varieties of flax on the other
hand produced by-products that stimulated the growth of
the pathdgens mentioned., According to Katznelson et al.
(19), Thom has pointed out that it is difficult to dis-
tinguish between substances actually excreted from the
roots and the products of decomposition of root and plant
fragments, |

Cochrane (4) has proposed that some root rots are
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initiated by the direct toxic action of plant residues,
and he implies that the activities of the soil organisms
- are secondary and ineident to an initial injury that is
chemical in origin. Using a seedling injury technique, he
démonstrated‘that a water extract of plant tissue of
ledino clover and perennial rye grass produced seedling
injury fypical of root rot, while plant tissue of soybean
and corn produced no injury.

Study of more than SOOVreferences to the peppermint
plent and its oil yielded mo direct information on the
effect of this plant on cabbage or the clubroot disease.
A few references to the effect of the peppermint oil and
to_menthol,.one“of its constituents, on bacteria and fungi
: aré enlightening and are included as related material,

Stewart and Howe (38) have shown that oil-secreting
glands are found on stolons of the peppermint plant as well
as on the parts of the vertical shoot. In the growing
points of both stolon and vegetative shoot, little anatom-
ical difference could be observed in relation to the oil
glands. These oil-secreting glands appear to be epidermal

in origiﬁ. They develop from a conspicuously large cell

which divides to form a stalk cell and an upper cell.

The latter gives rise to the capitulum which consists of
éight secretory cells. The secretory cells of the mature
gland are contained within a cup-shaped and presumably

cellulose membrane outside of which the oil seems to form.
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The oil droplet alsc seems to be surrounded by a distended
membrane. O0il glands are not found on the roots of the

plant.

Meyers and Thienes (26) working with certain volatile
oils, including peppermiht,‘found that an aqueous solution
of peppermint oil killed yeasts in approximately 100 hours.,
Meyers (25) later sdeed that certain volatiie oils had
fungicidal value. A saturated aqueous solution of pepper-
mint or menthol killed yeast in about 120 hours, but
bacteria, according to Meyers, are not seriously inhibited.

According to Pacheco and Costa (27), menthol effects
the lysis (mentholysis) of many species of bacteria.

There are genera of bacteria which are sensitive and others
that are not. Within some species, there are individual
specimens that are sensitive or not to mentholysis.

Other terpenes, such as camphor and eucalyptol, do not
effect the lysis of bacteria,

Webb (51) reviewed the use of essential oils as antl-
septics and,noted that Koch; 1890, was of the opinion that
the germicidal action of peppermint oil was compargble to
that of a 1:2500 dilution of copper sulfate. Von Behring
rejected the use of essential oils as disinfectants.

Other workers suggested the use of peppermint oil in
genito-urinary infections, sterilization of catgut and as
a prophylactic against cholera. O0il of peppermint is

used in root-canal dressings in dentistry, advantage being
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taken of its anglgesic effect as well as any antiseptic
properties that 1t mey possess. Webbvané Tanner had
previously reported that ayO.l%‘concentration of pepper-
mint, wintergreen, bay, clove, mustard, or cinnamoﬁ oil
cdmpletely inhibited growth of yeasts. 0Oils of almond,
ginger, nutmeg, peppers, lemon, onion and vanilla did not
inhibit yéasts at the 0.1% concentration, but all oils

were effective at 10% concentration.




EXPERTIMENTAT, METHODS AND RESULTS

Tﬁis study has been carried out at the Northern
Indiana Muck Crops Experimental Farm, Walkerton, Indiena,
in the greenhouses of Purdue University, and in the green-
houses'of Michigan State College. The soil used in the
greenhouse studies was teken from the same area that was
used in the field trials. The muck soil is a Carlisle
type with a reaction of pH 5.2, It is a well-decomposed
muck that is'well drained during the growing season, but
that was at one timevsubject to overflow during winter and
spring. Dikes were constructed in 1947 and 1948 that pre-
vented thé area from being flocoded in the gréwing seasons
of 1947, 1948 and 1949. :

The clubroot organism, P. brassicae was unknowingly
introduced into the soil on the Northern Indiana Muck
Crops Experimental Farm in 1938, Spores 6f the organism
were apparently cérried in soil brought to the farm with
a load of oneéyear-old peppermint stolons that were used
for establishing a new peppermint planting on the farm.
The planting stock and soil were unloaded in a roadway
édjacent to the field. Clubroot infected cabbage was
observed the first summer in a planting 30 feet away from
this initial point 6f introduction. Isolation of the
area was attempted, but each season'more infected plants
were found at various places on the 60 acre tract of land.

After a spring flood in 1943, which covered the entire
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area, the soll was so uniformly contaminated that cabbage

production was abandoned.

EXPLORATORY EXPERIMENTS ON CONTROL OF CLUBROCT

-

Soil fumigants

In the spring of 1945, pot trials were set up in the
greeﬁhouse-to test the fungicidal and phytotoxic effects
of two soil fumigants on the clubroot organism and the
cabbage and mint plents. The soils were treated with the
chemicals and compared to steam sterilized muck and to
scil that was not treated. The treatments were in dupli-
cate for each crop. The muck soil was thoroughly mixed

before it was weighed and placed in two-gallon pots. The

pots to be steam sterilized were then treated in a retort.

at 250° F for 1 hour. The fumigants, methyl bromide and
dichloropropene-dichloropropane were applied by dropping
2 ml. of the 1iquid in a hole made in the center of the
soil in each treated pot. This treatment approximated
35 gallons of fumigant per acre. Cabbage was planted in
two pots of each of the treatments and peppermint in each

of the other two. The mint grew well in all pots and no

differences were observed. The cabbage, on the other hand,

died in the steam sterilized pots, perhaps due to a form
of toxicity commonlynobserved following sterilization in
which nitrates are commonly converted to nitrites. 1In
the pots that received no treatment or had been treated

with either of the fumigants, the cabbage started well
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but later all became infected with clubroot. The infeetéd
plants were then pulled and destroyed. The pots remained
in the greenhouse during the summer, the mint matured and
was left in the pots to dry. In the spring of 1946, the
soll of the pots was prepared for planting again. The mint
was worked into the soil, and all pots were planted to
cabbage. Table 1 gives the results of this trial in
percentage of roots infected with clubroot in each treat-
mente

| Cabbage free of clubroot was produced on all pots in
which mint had been grown in 1945. In the pots in which
cabbage had been grown, however, the steam sterilized soil
was the only one on which club-free plants were produced.
From these meager date, it appears that neither of the
soil fumigants effected control of the organism, but
there was a good indication that the peppermint had pro;

duced some residual effect in the soil that reduced the

amount of clubbing on the cabbage that was grown subse-

quently on the soil.

Calcium Cyanamid

Caleium Cyanemid has been used by several workers (18)
for the control of clubroot, with variable results. In
1945, duplicate plotsAof the following quantities of
Calcium Cyanamid were set up on contaminated soil of the

Purdue Muck Crops Farm:
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Table 1l.
Effect of two soil fumligants, steam sterilization
and growth of peppermint on persistence of the
clubroot organism in muck soil

Greenhouse, Lafayette, Indiana

Pot 1945 1945 Percent cabbage (1946)
Noe. treatment crop  roots infected with clubroot
1 Contrbl Mint 0
2 Steam - Mint 0
3 Methyl bromide Mint 0 '
4 D.D¥ | Mint 0
5  Control Mint 0 )
6 Steam Mint 0
7 Methyl bromide Mint 0
8 D.De Mint 0
9 Control Cabbage 33
10 Steam Cabbage | o
11 D.D. Cabbage 31
12 Methyl bromide Cabbage 60
13 D.D. Cabbage N 71
14 Meﬁhyl bromide Cabbage 33
15 Steam Cabbage 0
16 Control Cabbage 57

* dichloropropene-dichloropropane
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le No Cyanamid applied

2. 500 pounds Cyanamid per acre

3. 1000 pounds Cyanamid per acre

4, 2000 pounds Cyanamid per'acre
The treatments were applied by opening a furrow aboﬁt 6
inches deep for each row. The specified amount of Calcium
Cyanamid was then applied in several applications and the
soil was gradually drawn in to fill the furrow as ééch
application wés made. An excessive application was made
in order to test the effectiveness of the treatment, regard-
less of the cost. The furrow was packed down and allowed
to stand for two weeks before planting. Cabbage was
direct seeded in the rows with a hand seeder on June 6th.
Poor emergence of the seedlings was observed on the two
highest rates of application znd gradually all plants died
on the 2000 pound treatment as well as many on the other
t;eated plots. On July 9, these plots were reseeded and
many plants of the second crop also died. Those that
remained were pulled and examined in October and all roots

were found to be infected with cldbroot. Since this soil

was acid in reaction, these results may be explained by
the fact that~ﬁrea was probably released rather than
dicyanodiamide (5) which is reported to be the effective
agent, released under alkaiine soil conditions, which may

kill the clubroot organism,
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Varietal resistance

Walker (48) reported that cabbage-~kale rogue crosses,
found in a Wisconsin field in 1941, were resistant to club-
root. To test the possibility bf some resistance being
piesent in one 6f the commercial varieties adapted to
Northern Indiana, a variety trial was planted on land
suspectedlof being contaminated with the clubroot organism.
Neither cabbage nor peppermint had been grown on this soil
previously but the soil had been flooded., The list of
varieties and degree of infection in each plot is presented
in Table 2. The complete data are shown to emphasize the
variability of the results, No differences in resistance
were found between these varieties. It is apparent that
low incidence of infection on any one plot can only be
attributed to light contamination in the area or to escape
from infection, and not to differences in resistance

between varieties,

Potassium

The effect of potassium in inereasing the incidence
of infection of cabbage roots by the clubroot organism was
studied by Pryor (30), Gries (13) and Walker (46). In
controlled experiments, these workers have demonstrated
that increased amounts of potassium will also increase
the amount of clubbing. If, in field praectice, this

relationship held true, it would be impractical to rec-—

ommend high potash fertilizers for cabbage on soils known
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Table 2,

Relative reaction of certain common cabbage varieties
to infection by P. brassicae Wor.

Walkerton, Indiana 1947

Percent infected plants

Variety
Number Variety Rep. Rep. Rep. Ave.
: 1 2 3
1 Cornell Early Savoy 7065 0] 18 2905
2 Ferry's Hollander 58 Se5 3595 3263
3 Marion Market 53 50 77 60
4 Early Seneca 41,7 63.7 32.8 46.1
S Penn State Ballhead 20 4,7 37.5 20.7
6 Wisconsin All Seasons 77.6 17.6 9.7 34.9
7 Enkhuizen 4642 12.5 52.9 37,2
8 Mid Season Market | 45 46.8 3343  41l.7
9 Globe ‘ 24,6 11l.5 83,5 39.8
10 - Copenhagen Market 38 7863 60e4 59.2
11 Allhead Select 25.6 75¢3 975 6641
12 Allhead Early 26,9 64,8 88.8 602
13 Bugner 22.8 19.7 59.4 3369
14 Wisconsin Hollander 15,3 69 31 - 5848

No significance
Plot size -- 12! x 50' -- 2 center rows harvested for count
Fertilizer 0-9-27 -~ 1000# per acre

to be conteminated with P, brassicae. To test the effect of
potassium on the clubroot organism in muck soil, plots were

established at the Walkerton Farm. These plots were to
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determine if potash in large quantities, under field con-
ditions, would actually increase the amount of clubroot.
The plot area was prepared by plowing and discing. One
hundred pounds of Pg05 was applied uniformly over the
area. Bach plot in the series was 40 x 70 fest and four
replications of the following treatments were set up:

1. No additional X50

2. 100 pounds Kzo per acre

3. 500 pounds K,0 per acre

4. 1000 pounds K50 per acre
Cabbége of the All seasons variety was seeded in the plots
on June l. The cabbage grew well and when harvested in
October none of the rdots on any of the plots were in-
fected with the clubroot organism. This was completely
contrary to any expected results and consequently the
cropping history of this area was studied. It was found
that the land had been in peppermint for thé three years
préceding the crop of cabbage. Further studies on the
effect of potassium on the incidence of clubroot were
abandoned in favor of studying the effect of mint crops,

in rotation with cabbage, on the subsequent development

of clubroot on the cabbage.
EFFECT OF PEPPERMINT ON THE PERSISTENCE
OF THE CLUBROOT ORGANISM

Greenhouse trials with soils taken from field plots estab-
lished in 1946

Field plots were laid out in the spring of 1946 on
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80il on which all cabbage died of clubroot in 1945.

Three replications of split plots were used so that cabbage
could be grown each year from 1946 to 1949 with the arrénge-
ment such that cabbage woﬁld be grown on soil that pre-
viously had been cropped to cabbage, and to mint for one,
for two and for three years in succession. The plot size
was 30 x 100 feet. The English or Black peppermint,

Mentha piperita L., was used tq plant the mint plots.

Stolons for planting were taken from a one-year-old stand
of mint on the farm. Growth was good, and when the mint
reached the proper size for harvesting half of each plot
was cut and distilled. The yield was at the rate of 45
pounds of oil to the acre. The mint on the other half of
each plot was left to stand until it was killed back by
frost. All of the cabbage in the plots died before harvest
as a result of infection by the clubroot organism.

In November of 1946, soil was taken from the field
repreéenting the treatments shown in Table 3. The soil
was carried in individual sacks to the greenhouse, where

it was put in 23-inch deep flats and planted to cabbage.

Menthol normally mekes up about 50% of the chemical con-
stituents of peppermint oil and coﬁsidéring that some
0il is lost on the soil from a crop, additional tests
(treatments 6 and 7) were included in the trial. The
menthol was added in quantities that would be egquivalent

to several years accumulation from continuous crops of



Table 3.

Effect of (1) one year of certain cultural practices
' with peppermint in the field; and
(2) the addition of menthol to contaminated
- soil in the greenhouse,
on the infection of cabbage plants with P. brassicae.

Lafayette, Indiana

Treatment Clubroot infected cabbage plants
= Percent Average
each flat percent
1 Control-contaminated soil 67, 15, 20, 47 37
2 Soil with mint tops and
roots removed 80, 20, 93, O 48
3 Mint harvested at regular
harvest period 53, 92, 33, 53 52
4 Mint cut and removed at _
time of sampling 66, 76, O, O 35
5 Mint not cut; tops turned
in 40, 46, O, 81 42
6 Menthol added, 1 gm. per
flat E
(approx. 50# per acre) 9, 20, 33, 13 17
7 Menthol added, 2 gm. per
flat
(approx. 100# per acre) 33, 7, 15, 7 15

8% 2 years of Mentha arvensis
in adjacent field 9, 0, O, O 0

No significance

*Treatment 8 was not included in the statistical caelculations
‘because the treatment was on an adjacent field rather than
“on the plot area.

peppermint. It was dissolved in 95% ethyl alcohol and

diluted further with water. The liguid was mixed thoroughly
with the soil in the flat. Even though the trend seems to
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indicate that the menthol deéreased the number of infected
plants, étatistical analysis of the data shows that the
differences were not significant.

A possible source of error, and one corrected in the
next field experiment, was introduced by the wide row
spacing. The planting had been made in rows 36 inches
apart, which is the standard spacing in commercial pro-
duction. - This left much bare soil between rows of mint end
even some soll that was covered in the fall by stolons
had not been in contact with the mint plant during the

major part of the growing season. It was impossible in
'sampling to know for sure that the soil that was sampled
had actually received the treatment ascribed to it.

Variation such as that exhibited by treatment 4 in
Table 3, no doubt, can be attiributed to sampling procedures
on the wide spacing. Treatment 8 was not considered in
the statistical analysis because ﬁhe s0il had not been
definitely tested for the presence of the clubroot organ-
ism although it had been flooded in previous years and was
adjacent to land known to be contaminated. This soil was

taken from an area on which Mentha arvensis var. piper-

escens Malv., often called Japanese mint, had been grown

for two seasons. Mentha arvensis is not as hardy as the

peppermint of commerce and the results are not presented

here because of any commercial possibilities for the ecrop

in the Midwest. The field plots from which all soil
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samples were taken in 1946, were destroyed irn May of 1947

by flooding and erosion across the west half of the area.

Field and greenhouse experiment 1947 - 1950

Following the loss of the first series of plots which
had been designed to test the mint-cabbage clubrbot re-
lationship, a second series was established to the east
andvadjoining the first. Four replications of each treat-
ment were so arranged that the data in the last year could
be analyzed as a latin square. In other years, when only
two and three plots had cabbage growing on them, the data
were treated as replicated randomized blocks.

The first plots were 30 x 100 feet in size, but in
order to get more uniform soil and to add one more repli-
cation, the plot size was reduced in 1947, and subsequent
years, to 12 x 20 feet. More careful operations were
required on the smaller plots and a greater opportunity
for recontaminating a plot was presented by the use of
tools such as the rotary tiller and seeder. It was also
difficult to keep the mint plants from spreading into the
adjoining cabbage plots.

Peppermint plants were used to set these plots instead
of stolons. This was necessary because these plots were
established in June, after a flood in late May, and no
stolons were available at that time. The plants were set
on 12 inch centers and, in most plots, a fair growth wa.s

made which covered the soil. The mint was not cut and by
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fall it had formed a mat on the surface of the plot. The-
plots that were not in mint in 1947, were fallowed. The
field plan, Figure 1, of these plots is outlined for

reference in discussing Tables 4 to 10.

Effect of one year of mint - 1948

Greenhouse pot tests were used to supplement the field
trials because the cabbage could be grown under conditions
in which ﬁhe moisture could be controlled, thereby pro-
viding optimum conditions for infection by the organism.
In March, 1948, 4 individual samples of soil were taken
from each of two plots in each of the four replications
of the field plots for greenhouse studies. One plot that
had not grown any crop in 1947 and one on which peppermint
had been grown, constituted each pair. The numbers of
the plots given in the tables are for reference to the
ploﬁ design (Fige. 1)e The results of the trial in the
spring of 1948 areAgiven in Table 4. Infestation is based
on 7 to 13 plants per pot, representing 34 to 44 plants
per treatment. It will be observed from these data that
all plants grown on soil from the plots that were fallowed
in 1947, were infected. These data indicate that the
growing of mint for only one year resulted in less club-
root on the cabbagevblants grown on this soil the follow-
ing year.

Cabbage was seeded in the designated field plots in
the spring of 1948, after the soil had been fitted by
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Table 4.
Effect of growing peppermint for one year
compared with one year of fallowing,
on the infection of cabbage plants with clubroot

Greenhouse Experiment -- Spring 1948

Plot Percent Plot Percent
Rep. Number Clubbed Number Clubbed
Plants Plants
1 2 100 3 0.
: 100 0
100 0
100 0
2 5 100 7 10
‘ 100 0
100 0
100 0
3 12 100 9 85
100 : 81 -
100 a7 -
100 77
4 15 100 16 14
. 100 25
100 72
100 0

running through it with a rototiller. This operation was
necessary in order to work the soil in preparation for
planting, but it also may have resulted in the recontam-
ination of the soil. All barren areas in the plots that
were scheduled to remain in mint were filled in by hand
planting.

Table S gives’the percentage of infected cabbage plants
on the field plots, based on a population of 53 to 64

plants. These data are significant at the 5% level
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Table S
Effect of growing peppermint for one year
preceding the cabbage crop,
on the incidence of clubroot

Walkerton, Indiana 1948

Rep. Fallow 1947 Peppermint 1947
Plot Percent Plot Percent
No. infection No. infection
1 2 72 3 22
2 5 100 8 13
3 12 98 10 76
4 15 ' 36 - 13 - 19
Ave,. 765 32eD

L.S.D. 3845
Difference is significant at 5% level

Plots harvested August 5, 1948

and agree with the data iﬁ Table 4 obtained from the pre-
ceding greenhouse study. Original data are again shown
here, along with plot numbers, for ready reference to the
plot plan, These data show a high percentage of infected
plants in plot 10 but the trend is for less contamination
from P. brassicae in all plots after oniy one crop of
peppermint. Variability in stand of mint the preceding
year may account for some of the erratic results, but the
high percentage of infection on plots 9 and 10 may be
accounted for more readily by looking at Figures 2 and 3.
These photos show plots 9 and 10 to be in a depression

adjoining plot 5 on which only cabbage has been grown,
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and which is severely contaminated with clubroot. Water
standing in thié depression would spread spores of P,
brassicae and would reinoculate plots 9 and 10 to some
extent each time it rained with sufficient intensity for
water to stand on the surface. Soil barriers were laid
up between plots in the fall of 1948 to partially prevent
the spread of the clubroot organism by water run-off or

by standing waters

Effect of two years of mint -~ 1949

On November 4, 1948, three plots from each replication
were sampled‘to determine the effect of one and two years
of mint on the persistence of the clubroot organism in the
 soil. Eight individual samples were taken from each field
plot. The soil was taken to the greenhouse and was put
in six-inch clay poté and seeded with 10 cabbage seeds.
Generally, about 7 seeds germinated and grew making a
total of 46 to 62 pleants per treatment of eight pots.
After harvest, the percentage of the infected plants was
calculated and this figure was used in the analysis of the
data presented in Table 6. These data show that there 1is
a decrease in the number of plants attacked by clubroot
after one Year of peppermint, and that the beneficial
effect has not beén lost even after a crop of cabbage is
grown on the same plots following the mint. The averages
indicate a trend toward still further reduction of contanm-

ination after two years of peppermint but this reduction




FPigure 2. View of field plots. Men are in plot 5.

Plot 11 is in immediate foreground. Plot 10
to the right shows slope of land toward
plot Se

Walkerton, Indiana



View of plot 10 showing that the land in the

foreground of the photo is lower than that in

‘the rear and that the cabbage plants in the

foreground are wilted, indicating infection
of the plant while those above the level of

standing water are not infected.
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Table 6.
Comparison of the effect of one and two years of
peppernint on the persistence of the
clubroot organism in a muck soil

Greenhouse trial 1949

One year fallow One year mint Two years mint
one yvear cabbage one year cabbage
Re Plot Percent Plot Percent Plot Percent
Pe  No. infeetion  No. infection  No. infection
1l 2 69 3 13 1 6
2 S5 86 8 0 7 7
3 12 98 10 63 11 26
4 15 60 . 13 2 16 0
Ave. 72.2 19.5 9.7

L.S.D. 20.8

Difference is significant at 1% level

was not within the limits of the L.S.D. of the experiment.
It should be pointed out, however, that on two plots the
contamination approached zero after only one year of
peppermint. It would, therefore, be‘impossible to show
statistically‘a difference between one and two years of

mint after such a low point of infection was reached.

When the cabbage plants had been removed on Aﬁgust S,
1948, a further treatment was applied; This treatment
would test the effect of the addition of green mint plantd
to a soil, which had not previously had mint on it, in
order to determint if control of P. brassicae by peppermint

was affected by the growing of the plant on the soil or
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by the addition of the green plant material to the soil.
The 8 plots that had produced cabbage plants in 1948
were split, and to the half of the plot to the north,
chopped mint hay, stolons, and roots were applied in an

amount equivalent to that grown on an area of the same

size. In fact, an area of equal size was measured in an
adjacent field of mint and the roots, stolons, and tops,
removed aﬁd chopped in én ensilage cutter. The shredded
plant material was then spread on the soil and worked
into the surface with rekes. Cabbage seed was sown in the
plots thereafter., This seeding was done late in the
season of 1948 and the plants failed to grow. The plots,
consequently, oﬁerwintered without further treatment.

| in the spring of 1949, the plots that were to be
planted to cabbage were prepared by running throﬁgh them
several times with a Tillivator to tear up the mint
refuse and roots. On May S5th, cabbage seed of the Marion
Market variety was drilled in the plots with a hand seeder.
Two rows were seeded 36 inches apart and about 18 inches
on either side of the center of thé'plot. When the cabbage
plants were about 12 inches tall, (July 20) they were thin-
ned by hand pulling to allow omne plant to remain for each
12 to 15 inches of"row. The spacing could not be exact

as the .plants had to be left in place because a clubbed

plant cannot be transplanted successfully.
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The data from each row of every plot were kept sepa-
rate Because one row of each of the plots cropped to
cabbage in 1948 had had the green peppermint plant material
added in the fall of 1948. Tables 7, 8% and 9 were prepared
from data obtained when thinhing the plots on July 20 and
from harveSting the plots on October 5. The percentages
of infected plants on July 20 from the whole plots (both
rows) are showh_in‘Table 7. The data from each of the 'plots
are given as well as the average of each treatment for all
replications. The difference between treatment 1 and
treatments 2 and 3 is significant at the 1% level. Treat-
ment 1 represents the plots fallowed in 1947 on which cab-
bage was giown in 1948; these plots averaged 69.4 percent
infected plants. - Treatment 2 had mint grown on it inl
1947 followed by cabbage in 1948 while treatment 3 had
been in mint for two'years. Treatments 2 and 3 averaged
only 15.2 percent of infected plants. No difference
was found between one and two Years of mint in this
éxperiment and it is obvious again that differences would
be difficult to obtain when, after one year of mint,
the contamination from P. brassicae approached zero.

It will be noted by reference to the data for treatment

3 (two years of peppermint) in Table 7 that there

was a tendency on some plots for more infection

*The details of the analysis of variance for the data

in Tables 7 and 8 are found in Appendix I.
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Plants pulled from the field July 20, 1949.
The three on the left are normal plants from
plot 1 which had been in peppermint for two
yeargrﬁgg;;ding the crop of cabbage. These
plants are normal, and free of clubroot. The
plants on the right are typical of those on
plot 2. These plants are stunted, and each
root system is a clubbed mass of roots. TFach

day a plant so infected will wilt in the
field.
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Clubroot infection of cabbage in plots on
which mint had been grown O, 1 and 2 years

Walkerton, Indiana 1949

- Treatment

Fallow 47 Mint 47 Mint 47

Cabbage 48 Cabbage 48 Mint 48

Cabbage 49 ' Cabbage 49 Cabbage 49

Rep. Percent infection |
1  we.l 5.6 8.1
2 02 1.2 1245
3 ' 86.5 56.2 30.7
4 46.1 0 Qo4
Ave. 69.4 15.2 15.2

Difference is significant at 1% level

from clubroot on soil that had been cropped to

mint for two

years than when only one year of mint had been grown but

it has already been pointed out that this difference is

not significant. Mention should be made, however, that

the plots that had been in mint for two years required

additional mechanical manipulation and traffic

in their

prepération, and it is supposed that some recontamination

resulted. Such an occurrence could account for the slight

increases in infection which appear in replications one,

two and fours .
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Effect of applying chopped green mint-plants
| Chopped plant material previously mentioned, was
applied to plots on which cabbagé was growﬁ in 1948, The
vesults of the effect of this material on reducing the
contamination afe presented in Table 8. Paired plots in
the replications are shown with the original data reduced
to percentage of cabbage plants infected. From these data,
pased on the plants harvested July 20, it appears that the
applicétion of the chopped plaﬁt material had no effect on
reducing contamination by P, brassicae elther on soll that

hed only had cabbage growing on it or on soil that had

Table 8.
Application of chopped green peppermint plants to a
clubroot-contaminated soil, and its effect on the
persistence of P. brassicae

Walkerton, Indiana 1949

_Ireatment
Fallow 47 Mint 47 All plots
Cabbage 48 Cabbage 48
Plant ~ Plant No plant Plant
material material material material
added added added added

Rep. Percent Percent Percent Percent Percent Percent
infection infection infection infection infection infection

1 62.5 89.7 0.0 7.1
2 8749 9641 0.0 2.3
3 86,7 8643 5445 57.9
4 gé.s 19.3 0.0 0.0
Ave. 65,9 72.8 1346 16.8 39.8 44.8

No significance
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grown one crop of mint and ome crop of cabbage. The aver-
age of all plots which had only cabbage on them, shows
that the half-plots that received the additional plant
material tended to produce cabbage with more clubroot in-
fection then the half-plot without. The tendency was the
seme for all plots whether those plots had been cropped to
mint or cabbage for one year each. When all plots, regard-
less of previous treatment, but receiving the applications
of chopped green mint plant material are compared with all
plots not receiving this application of chopped mint plant
the averages showed that 39.8 percent of the plants were
infected by P. brassicae where no chopped green mint was
added, although 44,8 percent of the plants were infected
when chopped green plant material was added. This differ-
ence may indicate that the reduction in contamination is
associated directly with the growth of the crop on the
soil rather than with the presence of green plant material.

Table 9 summerizes the results of the 1949 field
trial. The data includes the yield of mature cabbage,
number of marketable heads, and percentage of plants in-
fected by the clubroot organism. ‘Each row of cabbage was
harvested separately in order to get data on the effect of
adding the green plant material to the soil, but inasmuch
as there was no statistically demonstrable effect produced

by adding the gréen chopped hay to the plots as shovm in
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Table 8, the date from both halves of each plot were
totaled and analyzed as a single plot instead of a split
plot. In treatment 1, which was fallowed in 1947 but
cropped'to cabbage in 1948, 86 percent of the plants weie
attacked by the clﬁbroot organism. When, however, pepper-
mint was grown in 1947 and cabbage in 1948, the infection
wasg reduced to 30 percent. This difference is significant
at the 1% level and agrees with the data in Table 7, which
indicated a sigpnificant drop in number of plants attacked
by the organism after one year of peppermint. Here again,
however, no greater average drop in number of infected
plants resulted from growing peppermint for two years
compared with growing it for one year. ZFrom a statistical
point of view this is in agreement with ﬁhe findings in
Tables 6 and 7, although the trend in Table 6 was for
further decrease in the number of infected plants after
two years of minte.

The number of marketable heads of cabbage on each
plot averaged from 10.2 for the plots which had never had
mint on them to 22 and 19,5 heads per plot for those having
one and two years of peppermint preéeding the cabbage.
This difference in number of heads is significant at the
5% level bﬁt no difference was found between plots of
one and two years of peppermint.

The two colummns on the right side of Table 9 show

the yield in pounds of cabbage per plot and the calculated
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Table 9.
The effect of clubroot on the average yield*
of cabbaege grown on soils that had previously
been cropped to O, 1, or 2 years of peppermint

Walkerton, Indiana 1949

Cabbage Marketable Yield  Yield
plants heads per per
attacked by per plot plot acre
P, brassicae
Treatment Percent Number Pounds Tons
1 PFallow 47 8545 10,2 a7 666
Cabbage 48
2 Peppermint 47 30,0 22,0 131 23,58
Cabbage 48 :
3 Peppermint 47 3047 19,5 121 21.78
Peppermint 48
L.S.De 1% LeSeDe 5% L.S.D. 1% L.S.D. 1%
10.6 942 4043 7¢2

*Each figure is the average of 4 replications

yield in tons per acre. The difference in yield is highly
significant between the treatment which had no mint.in the
rotation and the treatments with one or two years of
peppermint grown on the plot. The yield from the plots

on which no mint had been grown}Was 6.6 tons per acre
whereas the yields on the plots where one and two years

of peppermint preceded the cabbage crop were 23.5 and

21.7 tons per acre respectively of marketable cabbagee.

Effect of three years of mint - Greenhouse 1950

In the fall of 1949, the entire field plot area was
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plowed to a depth of 8 inches with a regular moldboard
plow. These plots will all be planted to cabbage in 1950
to compiete the cycle of cropping as planned and outiined
in Figure 1. Greenhouse trials have supplemented the
field data in all cases in'previous years, and in order
to obtain data on the effect of 3 years of continuous
mint on the persistence of ﬁhe clubroot organism, samples
of soil were takgn from the plots to the greenhouse on
February 9,'1950. Four pots representing each plot were
planted to cabbage of the Golden Acre variety on February
l1l. The pots wefe watered frequently to make conditions
favorable for infection, assuming that the organismswere
present., The plants were removed from the pots and the
infected plants counted on March 20. The data showing
the amount of plant infection are presented in Table 10.
Six piants were grown in each pot, meking a total of 24
plants per treatment. The minimum infection was 70.8

percent from eny block of plants representing continuous

cabbage., In the soil from the mint plots, on the comntrary,
only 4 percent of the plants were found to be infected.
Actually; 81 of 96 plants following cabbage were attacked
whereas only 2 of 96 plants following 3 years of pepper-
mint were attacked. The significance of the data is

obvious without statistical calculation.
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Table 10,
The effect of three years of continuous cropping to
peppermint on the persistence of clubroot of
cabbage in muck soil

Greenhouse 1950

Treatment
Fallow 1 yr. v
Cabbage 2 yrs. Mint 3 yrse.
Plot Percent Plot Percent
Rep. number infected number infected
. plants . plants
1 2 75.0 4 0.0
2 5 _ 70.8 7 4,0
3 12 91.6 9 0.0
4 15 - 100.0 14 4,0

Avee. ) - 84.4 260
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DEPTH AT WHICH SPORES WERE FOUND IN MUCK SOIL

VSpores of P. brassicae have been found at various
depths in the soil. Wilson (55), in Ohio, reported finding
them down to 12 inches in muck. Spore depth is important
in view of the shallow nature of the root system of the
mint plant and the fact that in normal cultural proced-
ures, the peppermint is plowed under in the fall. The
depth to which the mint material is turned under could be
varied, if mint is to be grown in rotation with cabbage
and the plant refuse or living plant is proven to be a
factor in clubroot control.

In the fall of 1946, flats were prepared from soil
that represented samples taken at two depths from the
areas that had been in cabbage on the field plots that
had been established the prévious spring. All cabbage
plants were attacked by cluﬁroot when grown in soil taken
at a depth of 4 to 8 inches. In soil taken at the 8 to
12 inch level 70 and 80 percent‘of the cabbage plants
were attacked showing that many spores were present in
the 8Ito 12 inch layer.

In the spring of 1948, samples were teken from the
alleyways around the new field plots and from the east
end of the:field that had been a part of the plots which
had been in mint in the spring of 1946 and had remained
in mint after the plots had been abandoned because of the

flooding of the west portion of these plots in the spring
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of 1947. Table 1l shows the results of growing cabbage
in these pots of soil ih the greenhouse. The soil samples
had been taken in separate sacks to the greenhoﬁse and
pbtted carefully to avoid further contamination. These

data show that in the soil adjacent to the field plots,

and which could be considered representative of the general
area, the spores were found only in the upper 8 inch

level, In soll from the field from which samples had been
taken twb years previously and which had shown 100 percent
contemination at that time, no clubs were formed on cabbage
plants growihg after 2 years of continuous cropping to
peppermint. The latter soil had previously been contam-
inated to a depth of 12 inches. The mint on the field
from which no infection took place had not been plowed
down as in normal practice, and it was cut_only in 1946.
Soll samples were téken again from this same area in the
spring of 1950 and as found previously, no clubs were
produced on cabbage grown on them. Fbllowing the mint,
this field had been in corn for the two years. From these
data it would seem that the spores 6f the clubroot
organism actually die out and are not merely inhibited

in growth by the association with the mint crop. Further
work should be done to determine if the depth of pene-~
tration of the spores will affect the time required to

rid the soil of the clubroot organism.
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Table 11,

Depth at which the clubroot organism was found
in the muck soil of the farm

Walkerton, Indiana 1948

Depth from Infection of plants Infection of cabbage
which soil grown on soil taken plants grown on soil
samples taken from alleys in field taken from mint plots
plots planted in 1946
2 years of mint not
plowed
Inches. Percent Percent
0 -8 50 o
60 0
80 0
60 0
8 - 16 0 0
0 0
0 0
0 0
16 - 24 .0 0
0 0
0 0
0 0

Planted May 15

Harvested June 23
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EFFECT OF CONTINUOUS CROPPING TO CABBAGE, MINT, OR CORN
ON NITRATE AND AMMONIA PRODUCTION IN A LUCK SOIL

| Itvhés been shown that contihuous cropping of a
clubroot contaminated soil to peppermint will eliminate
the clubroot organism. As an indication of selectivity
of the effect of the mint plant on microorganisms, a
determination of the nitrates and ammonia produced by
incubation of soil samples in the léboratory, was made
on soils Whigh had been cropped to mint for three years,
to corn for three years, and on a soil which had been
fallowed for one year and on which cabbage was grown for
two years. | _

Samplés were taken from the field plbts, already
discusséd, to represent the mint and cébbage rotations,
and from the adjoining field of corn, which is shown to
the left background in Figure Q. The samples, taken at
four locations, represent four replications of each treat-
ment. The soils were taken from-the field on February 9,
and put into six-inch pots. Moisture was held at the
approximate field capacity before the determinations were
made 16 and 51 days later. In the meantime the temperature
was about 70° F or room temperature.

The methods used were those described by Peech and
English (28) except that the samples were run on the moist
soils. Moisture determinations were made at the time of
analysis and the results were reported on the basis of

oven dry soil. Samples were extracted with sodium acetate
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solution buffered at pH 4.8, The brucine reagent was
used for the colorimetric determination of nitrates and
Nesslers reagent was used in the comparison of ammonia
in the samples. Color comparisons were ﬁade by means of
a photoelectric colorimeter and values were determined
from a standard curve based on known quantities of ammonia
and nitrate. | N

The amounts of ammonia and nitrates that developed
under the different cropping systems, are presented in
Table 12, Each figure in the table represents an average
of four determinations on samples taken from four locations
in the plot area. There is no significant difference
between. the treatments, and contrary to the belief held
by growers that nitrification is inhibited by successive
peppermint crops, there seems to be no trend of the plots
cropped to mint to depress the ammonification or nitrifi-
cation processes. It is suggested from these data that
the effect of the mint on the soil is selective in that
it does not inhibit the ammonifying and nitrifying
bacteria, and yet eliminates P. brassicae from the soil

microflorsa.
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Table 12.

Bffect of rotation on the production of
nitrates and ammonia in a muck soil¥

Nitrates in pe.p.m. Ammonia in p.p.m.
Incubation period Incubation period
Treatment 16 days 51 days 16 days 51 days
1 Fallow 1 yr. 87.5 87 16 21.7
Cabbage 2 yrs.
2 Mint - 3 yrs. 88.7 8945 17.5 23.7
3 Corn 3 yrs. 80.5 76,2 18,7 19.5

No significance

*Bach figure represents the average of determinations
from four locations




DISCUSSION AND CONCLUSIONS

An observation made in 1945 indicated that clubroot
of cabbage might be controlled by a crop rotation in which
peppermint was grown for one or more years. Experimental‘
data have been presented from tests that were set up to
study this effect. These, in general, substantiate the
observation.

Crop rotation has been stressed as an important meas-
ure in control of clubroot by many workers (18), but the -
time for suppression of the disease has varied from 3 to
8, or more, years. To be effective, any rotation must
assure that no eruciferous plants, cultivated or wild,
grow on the land. X¥rom this point of view alone, the
peppermint crop would be excellent. Its growth habit
tends to choke out many weeds. In addition, the quality
of the commercial product depends on the fields being
kept free of weeds so that no objectional odors or flavors
are imparted by'the weeds to the essential oil in dis-
tillation. The clubroot organism is an obligate parasite,
and there is, therefore, little possibility that crucif-
erous weeds would be present in commercial mint fields to
act as hosts for carrying over this organism.

The short time, in terms of crop successions, in
which control of the organism was effected when the pep-
permint plant was grown on the muck soil used for the

purposes of this study, indicates that the factors involved
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are more complex than simply the elimination of over-
wintering host plants. |

It was shown in preliminary experiments that the
commoh soil fumigants, methyl bromide and dichloropropene-
dichloropropane had no effeqt on controlling the clubroot
organism, and calcium cyanamide on this acid soil, although
applied in quantities sﬁfficient to kill the cabbage
seedlings, dia not kill the_organism. None of the commonly

grown cabbage varieties were found to be resistant to

P. brassicae.
Throughout the investigation, numerous attempts to
reproduce the field results were made in the greenhouse.

Lucas {(24), at the suggestion of the author, grew pepper-
mint in 2-inch deep flats inoculated with the organism.

After three months of favorable growth, the peppermint
plants were cut in a Waring blender and mixed with the
soil. Cabbage plants were planted later and none of them
became infected with clubroot. Several trials in eight-
ineh and two-gallon pots were.not successful when mint
was grown for short periods of time (2 to 5 months) on
soils naturally contaminated or inoculated with a suspen-
sion of clubroot spores. It is suggested that three
factors may have been involved here: (1) the length of
time given the mint plant to grow in these greenhouse
trials, was much shorter than that taken in the field,
(2) the relative depth of the soil in the pots in the

greenhouse presents an abnormal situation in that the roots
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of the mint plant did not penetrate to the bottom of the
pots, yet the plant material was later mixed thoroughly
with all of the soil, and (3) in the unsuccessful trials,
cebbage plants were immediately transplanted into the
treated soil without waiting for ayperiod of time to elapse
so that some activity could take place in the soil, which
might result in the death of the clubroot organism. In
greenhouse trials in which mint grew for a year, the
organism, P. brassicae, was eliminated from the soill.

Data from the field plots show that when a crop of
peppefmint is grown on soil contaminated with clubroot,
the organism is greatly reduced in population after only
one year. It was not shown statistically that there was
e further reduction of club=infected plants in the field
after two years of mint. This was accounted for by the
fact that some plots had zero infection after only one
year of mint and, further, the possibility exists that
recontamination tobk place when the rototiller used in
the preparation of the plots traveled from the contam-
inated plots to the plots on which mint was grown.

Yield of marketable cabbage was increased from an
average of 6.6 tons per acre when grown on contaminated
soil, to 23.5 and 21.7 tons per acre when the cabbage was
grown on soils cropped to mint for one and two years
respectively. The percentége of infected plants was re-

duced from 85.5 percent on soil which had been cropped
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only to cabbage, to 30 percent on the soil previously
eropped to mint. It should also be pointed out that many
of the plants in the latter group were only slightly in-
fected and produced marketable heads although they were
counted as infected plants. After three years of mint,
the entire plot area was plowed in the fall with a mold-
board plow and when cabbage was grown in samples of the
soils taken from the plot areas the following spring, 100
percent of the cabﬁage plants were infected following
cabbage, but no more than 4 percent were infected on any
plot following three years of pepperminﬁ. No attempts
were made to estimate the population of spores in the
soil, but other workers (18) have claimed that the inten-
sity of the infection depended on the concentration of
spores. This factor coupled with the variability in stand
of mint on the plots, would account for some of the
variability in the recorded amount of reduction in in-
fection ~- higher populations of spores requiring a longer
period of time to be eliminated. Along with the possible |
effect of concentration of sporeé in a soil on the amount
of infection, is the comsideration ﬁhat the depth to which
the spores penetrate would also be a factor. Trials on |
soil teken from the plots showed that P. brassicae spores
were found at levels down to 8 and 12 inches in different
areas of the plots but that the spores even at 12 inches

were inactivated after two years of mint.
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Six other species of mint, in addition to Mentha
piperita, were grown in a short-time greenhouse experiment
to determine if other species would be more effective than
peppermint in the control of clubroot. In this experiment,
the plant material was mixed into the solil and cabbage
was plahted immediately. Clubroot developed generally in
all treatments, indicating that none of these species ﬁas
much more effective than peppermint in effecting control
of the disease.

Workers with essential oils and menthol (25,27,51)
have shown that peppermint oil and menthol effect the
lysis (mentholyéis) of certain molds and bacteria. Since
meﬁthol constitutes 50% of the components of mint oil,
menthol at the rate of as much as 100 pounds per acre
was applied to contaminated soil but did not effect,
significantly, any cdntrol of the plubroot organism. It
would seem that the possibility of the control being the
result of menthol leaching into the soil, is remote.

The incomplete sterilization of the soil by the mint
pleant is indicated by the fact that the ammonifying and
nitrifying bacteria were not inhibited as shown by as
great a production of-nitrates and ammonia in soils having
been cropped to mint for three years as in soils which
had been cropped to cabbage or corn for a similar length
of time. This also tends to eliminate the possibility

of decrease in availability of nitrogen being the cause
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for depreésed yields of other crops following peppermint,.
From the foregoing discussion, it appears that the
mechanism by which the peppermint plant controls the club-
root organism is not a simple, direct effect. It is
therefore theorized that it may be a somewhat complex anti-
biotic, plant-soil-microorganism relationship, which may
take place in thé following manner: unidentified excre-
tions_fromJthe living mint plant, or products of decom~
position of parts of the mint plant (perhaps the stolomns)
are either stimulating to certain microorganisms which ih
turn produce an antibiotic that kills the clubroot organ-
ism, or the products of the plant are inhibitory toward
certain 6rganisms allowing rapid increase of the. uninhib-
ited organisms, the latter then producing an antibiotic
that kills P. brassicae. Further, the basis for this
assumption is found in a preliminary experiment carried
out in the greenhouse in thé following manner: live mint
stolons and the dead mint hay which covered them in the
field were collected from the surface of the soil, taken
to the greenhouse and packed into two-gallon pots and
covered with water. This medium became covered with a
fungus within four days and the liquid developed a péoul—
iar odor. Soil contaminated with clubroot'was then sat-
-"urated with this inoculum. As the soil dried, & mycelium
covered it and then disappeared leaving it with an entirely

different odor in contrast to the untreated soil. Cabbage




69
planted in these soils after 10 days were healthy and
only oﬁe plant in twenty developed any infection from
clubroot. Both fungivand bacteria were isolated from the
liquid on the mint stolons and an attempt is being made

to reconstruct the mechanism of control, in vitro.




SUﬁIvaRY v
The clubroot organism, P. brassicae, has been con-
" trolled in contaminated muck soil by means of a rotation
in which peppermint, M. piperita, was grown.‘

Field and greenhouse experiments have shown that the
diseaée is greatly reduced on a soil after only one year
of cropping‘to peppermint,

The yield of marketable cabbage was increased from
6.6 tons per acre when grown on contaminated soil, to 23.5
tons per acre after a crop of peppermint.

The infection of cabbage plants by clubroot on soil
cropped to peppermint for three years was only 4 percent
as compared to lOb percent on the plots continuously
cfopped to cabbage.

The rapidity with which the organism disappeared from
the soil, indicated that the mechanism is not one simply
of the elimination of the host plant.

Further experimentation under controlled conditions
indicates that the mint plant is responsible for the pro-
duction of an antibiotic or a chain of antibioses which

are toxic to the clubroot organism.




1.

2e

S

4.

S

6.

7.

8.

9.

BIBLIOGRAPHY

’

Ayers, G. W Studies on the life history of the

clubroot organism Plasmodiophora brassicae. Can.

Jour. Res. 22(C):143-149. 1944,

Brian, P W. The production of antibiotics by soil
microorganisms. Chem. and Indus. No. 25:391-393. 1949.
Chupp, Charles. Soil temperature, moisture, aeration
and pH as factors in disease incidence. Soil Sci. |
61:31-36, 19486,

Cochrane, W. W The role of plant residues in the
etiology of root rot. Phytopath. 38:185-196. 1948,
Crowther, E. M. and Richardson, H. L. Studies on
Calcium Cyanamid. I. The decomposition of Calcium
Cyenamid in the soil end its effects on germination,
nitrification and soil reactioﬁ. Jour. Agr. Sci.
22:300-324, 1932,

Daines, H. Control of plant diseases by use of inor-
ganic soil amendments. Soll Sci. 61:55-66. 1946,
Dillon-Weston, W.:A. R. Clubroot disease. Joure.
Minist. Agr. 51:420-422. 1944.

Fedorintschik, N. S. Agricultural methods for the
control of soill-inhibiting organisms, parasitic on
plants; Rev. Appl. Mycol. 15:624-625. 1936.

Ibid (In Russian). Plant Protection Institute of
Leningred 5:61-66, 1935. |

Garrett, S. D, Root Disease Fungi. The Chronica




10,

11,

1z2.

13.

14.

15.

16.

17.

72
Botanica Company, Waltham, Mass. 177 p. 1944.

e So0il as a medium for transfer and

multiplication of disease organisms. Soil Sei. 61:

3=8. 1946,

Green, D. E. and Ashworth, D. Clubroot of brassicas --
a test on its control. Royal Hort. Soc. Jour. 68:111-
115. 1943.

« Clubroot of brassicas -=-

control test. Royal Hort. Soc. Jour. 69:144-147. 1944,
Gries, G. A.,, Horsfall, J. G. and Jacobson, H. G. M.
The balance of calcium and potassium in relation to
clubroot of cabbage and potato scab. Phytopath. 34:
1001. 1944.

Halstead, B. D. Report of the Botanist. New Jersey
Agr. Exp. Sta. Rep., p. 361, 1899,

Hildebrand, A. A. and West, P. M. Strawberry root
rot in relation to microbiological changes induced
in root rot soil by the incroporation of certain
cover crops. Can. Jour. Res. 19(C, No. 6):183-198.
1941.

Hooker, W. J., Walker, J. C,s and Link, Karl Paul.

Effects of 2 mustard oils on Plasmodiophora brassicae

and their relation to resistance to clubroot. Jour.
Agr. Res. 70:63=78. 1945,
HOpkins, D. P. Control of soil organisms. DiscoVery

7:116-120. 1946.




72
Botanica Company, Waltham, Mass. 177 p. 1944.

10, . Soil as a medium for transfer and

multiplication of disease organisms. Soil Seci. 61:
5=~8. 1946

1ll. Green, D. E. and Ashworth, D. Clubroot of brassicas --
a test on its control. Royal Hort. Soc. Jour. 68:111l-
115, 1943.

12. B « Clubroot of brassicas -=-

control test. Royal Hort. Soc. Jour. 69:144-147, 1944,
13, Gries, G. A.,, Horsfall, J. G. and Jacobson, He G. Me
The balance of calcium and potassium in relation to
clubroot of cabbage and potato scab. Phytopath. 34:
1001, 1944.
14, Halstead, B. D. Report of the Botanist. New Jersey
Agr. Exp. Sta. Rep., p. 361l. 1899,
15. Hildebrand, A. A. and West, P. M. Strawberry root
rot in relation to microbiological changes induced
in root rot soil by the incroporation of certain

cover crops. Can. Jour. Res. 19(C, No. 6):183-198.

1941,
16+ Hooker, W. J., Walker, J. C. and Link, Karl Paul.

Effects of 2 mustard oils on Plasmodiophora brassicae

and their relation to resistance to clubroot. Jour.
AgI‘. Res. 70:65-780 194:50
17. HOpkins, D. P. Control of soil organisms. Discovery

7:116-120, 1946,



i8.

19.

20.

21.

22

23.

24.
25.

26.

73
Karling, John S. The Plasmodiophorales, lst Ed. .
Published by the author, New York City. 144 p. 1942,
Katznelson, H., Lockhead, A. G. and Timonin, M. I.
Soil microorganisms and the rhizosphere. Bot. Rev.
14(9) :543-587. 1948. |
Lockhead, A. G. Qualitative studies of soil miero-
organisms. III. Influence of plant growth on the
character of the bacterial flora. Can. Jour. Res.
18(C):42-53. 1940.

. Plant growth in relation to the

bacterial equilibrium in the soil. Trans. Royal Soc.

Can. 42(5):73-80. 1948,

It
3

and Landerkin, G. B. Aspects of an-

tagonisms between microorganisms in soil. Plant and
Soil 1(3):271-276. 1949.
, Timonin, M. I. and West. P. M. The

microflora of the rhizosphere in relation to resist-
ance of plants to soil-borne pathogehs. Seci. Agr.
20:414-418. 1940,

Lucas, E. H. Correspondence, October 19, 1946,
Meyers, H. Comparative fungicidal action of certain
volatile oils. Jour. Pharmacol. and Exp. Therap.
27:248, 1926,

and Thienes, C. Germicidal activity of

certain volatile oils and stearaptenes. Jour. Am.

Med. Assoc, 84:1985-1986, 1925.




180

19.

20.

21.

22

25.

24.
25.

26.

73
Karling, John S. The Plasmodiophorales, lst Ed.
Published by the author, New York City. 144 p. 1942.
Katznelson, H., Lockhead, A. G. and Timonin, M. I.
Soil microorganisms and the rhizosphere. Bot. Rev.
14(9):543-587. 1948.
Lockhead, A. G. Qualitative studies of soil micro-
organisms. III. Influence of plant growth on the
character of the bacterisl flora. Can. Jour. Res.
18(C):42-53. 1940.

. Plant growth in relation to the

bacterial equilibrium in the soil. Trans. Royal Soc.
Can. 42(5):73-80. 1948.

and Landerkin, G. B. Aspects of an-

tagonisms between microorganisms in soil. Plant and
Soil 1(3):271-276. 1949.

, Timonin, M. I. and West. P. M. The

microflora of the rhizosphere in relation to resist-

ance of plants to soil-borne pathogens. Sci. Agr.
20:414-418. 1940.

Lucas, E. H. Correspondence, October 19, 1946.
Meyers, H. Comparative fungicidal action of cexrtain
volatile oils. Jour. Pharmacol. and Exp. Therap.
27:248. 1926,

and Thienes, C. Germicidal activity of

certain volatile oils and stearaptenes. Jour. Am,

Med. Assoc, 84:1985-1986, 1925,




27

28.

29.

30.

3l.

32

33,

34.

35.

56

74
Pacheco, G. and Costa, G. A. Mentholise bacteriana.
Biol. Abs. 15:22400. 1941.
Ibid. Rev. Brasileira Biol. 1:87-93, 1941.
Peech, Michael and English, Leah. Rapid microchemical
s0oil tests. Soil Sci. 57:167-195. 1944,
Potter, M. C. Clubroot of the brassicas. Royal Hort.
Soc. Jour. 68:204-205. 1943,
Prydr, D. E. The effect of some mineral nutrients on
the development of clubroot of crucifers. Jour. Agr.
Res, 61:149-160. 1940.
Rochlin, Emilia., Zur Frage der Widerstandsfghigkeit

der Cruciferen gegen die Kohlhernie (Plasmodiophora

brassicae Wor.). Phytopath. Zeit. 5:381-406, 1933.
Sanford, G. B. Soil-borne diseases in relation ﬁo the
microflora associated with yarious crop and soil
amendments. Soil Sci. 61:9-21. 1946,

Smith, F. G., Link, Karl Paul and Walker, J. C. Acidic
aﬁd phenolic fractions of cfucifer roots in relation

to clubroot. Jour. Agr. Res. 74:193-204. 1947.

Smith, N. R. Microbiology of soil. Ann. Rev. Micro-
biol. 2:453-484, 1948.

Sobels, Johanna C. Contribution a 1l'Etude physiolog-

ique de myxomycetes. Ann. Inst. Pasteur 75:147-155. 1948.
Stehmenn, M. A., Link, Karl Paul and Walker, J. C.
Mustard oils in crucifers and their relation to re-

sistance to clubroot. Jour. Agr. Res. 67:49-6%3. 1943,



37,

38,

39.

40,

41,

42,

43.

44,

75
Starkey, R. L. Some influences of the development
of higher plants upon the microorganisms in the soil,
Soil Seci. 45:207-249, 1938,
Stewart, F. C. and Howe, K. The developmental anat-
omy of the peppermint plant with special reference
to the oil secreting glands. DProc. First & Sec.
Mint Res. Conf. 24 p. Mimeo. Purdue Hort. Dept., 1948.
Timonin, M. I. The interaction of higher plants and
soil microorganisms. II. Study of the mierobial popu-
lations of the rhizosphere in relation to resistance
of plants to soil-borne diseases. Can. Jour. Res.
18(B) : 444~456. 1940,

. The interaction of higher plants and

soil mieroorganisms. III. Effect of by-products of
plant growth on activity of fungi and actinomycetes.
So0il Sci. 52:395-413. 1941,

Weksman, S. A Microbial antagonisms and antiblotic
substances, 2nd Ed. Published by the author, New
York. 1947.

o So0il organisms and disease. U.S.

Agr. Yearbook, pp. 511-517. 1943-1947.

Walker,.J. Ce Soil management and plant nutrition
in relation to disease development. Soil Sci. 61(1):
47-54, 1946,

« New cabbage developed in Wisconsin.

Mar. Grow. Jour. 75:52, 1946.



45,

46,

47,

48.

49,

76

+ Diseases of cabbage and related crops.

Farmers Bulletin No. 1439, U.S.D.A. 1948,

and Hooker, W.  J. Plant nutrition in

relation to disease development. Amer. Jour. Bote.
52:487-490, 1945,

and Larson, R. He Caleium cyanamide

in relation to control of clubroot of cabbage. dJour.

Agr. Res. 51:183-189. 1935.

. Development of club-

root resistance in cabbage. Phytopath. 38(1):28. 1948,

s Stahmann, M. A, and Pryor, D. E«

- Efficacy of fungicidal transplanting liquids for

50,

S51.

53.

54.

control of clubroot of cabbage. Phytopath., 34(2):
185-195. 1944, | '

Warne, L. G. G. An outbreak of clubroot traceable
to a seed-borne infection. Royal Hort. Soc. Jour.
69:45-47, 1944,

Webb, A. H. Antimicrobial activities of spices.
Amer. Perf. & Essent. 0il Rev. 48(5):58-61, 1946.
Weindling, R. Microbial antagonisnm end disease
control. Soil Sci, 61:23-30. 1946,

West, P. M. and Lockhead, A. G« The rhizosphere in
relation to the nutritive requirements of soil bac-
teria., Can. Jour. Res. 18(C):129~135, 1940,

and Hildebrand, A. A, The microbiologi-

cal balance of strawberry root rot soil as related -




77
to the rhizosphere and decomposition effects of certain
cover crops. Can. Jour. Res. 19(C):199-210. 1941.
55, Wilson, J. D. Cabbage clubroot in muck soils. Ohio
Agr. Exp. Sta. Bimo. Bull. 19:58-65, 1934,
56, Woronin, Michael Stephanovitch. Translation from
German (1878) by Charles Chupp. American Phyto-

pathological Society, Ithaca, New York. 32 p. 1934.




APPENDIX I

Plan, data, and analysis of variance for split plot design with a dummy treatment

A, Plot plan and data.

Field plots harvested July 20, 1949

Walkerton, Indlana

Percentage of cabbage plants infected with clubroot.

Left

half of plots with O and 1 year of mint had been treated with extra mint plant

material in 1948.
and did not receive the additional treatment.

is the dummy treatment.

The treatment, 2 years of mint, was still in mint in 1948
In the calculations the latter

Replication 1

Replication 2

Replication 3

Replication 4

Plot No. 1 5 9 13

No. of yrs. of mint 2 ’ 0 1
Percent infection 11l.¢ 4.3 | 8749 96.1 0 0
Sum of 2 subplots 1662 184 0
Average 8.1 92 0

Plot No. 2 6 10 14

No. of yrs. of mint 0 , 2 1

Percent infection 62.5 89.7 Bed 18.6] 54.5 579

Sum of 2 subplots 152.2 24,9 1l12.4

Average 7641 12.5 56.2

Plot No. 3 7 11 15

No. of yrs. of mint 1 2 0
Percent infection 0.0 71 44,2 17.2] 2648 19.3
Sum of 2 Subplots 7.1 B8l.4 4601
Average 3.6 30,7 23.1

Plot Noe. 4 8 12 16

No. of yrs. of mint 1 0 2
Percent infection 0.0 2,31 8647 86.,3| 1848 0.0
Sum of 2 subplots 2¢3 173 18.8
Average 1.2 8645 Q44




B. Effect of number of years of mint.

Percent Infection

Years of mint Totals Average

0 555,.3 6944

1 121.8 15.2

2 121.3 15.2
Sum 79E.4
Averége 3343

Effect of (1) number of years of mint
(2) additional mint plant material which
was chopped and -spread on half of
each plot

(3) their interaction

Extra mint Years of mint

plants Sum Average
added 0 1
0 263.9 5445 318.4 39,8
Some 291e4 67.3 358.7 44.8
Sum 555.3 121¢8 677.1

Average 69.4 15.2 423



Ce Analysis of variance

Source of variation ar Sum of square Mean square F
1% 5%
Analysis for all 3 main plot treatments

Total sum of squares 23 27936419

Main plots S.S. 11 26825,07

Replications S.S. 3 675455 2251,52 3,08 9.78 4,76
Treatments S.S. 2 15678.27 7839.14 10471 10,92 '*5.14
Error "a" 6 4392420 732404

Subplot total 12 111l1.12

Analysis for 2 main plot treatments, subplot

treatments, and their interaction

Between O and 1 year
of mint S.S.

Error fan

Extra mint S.S.

-~ o W

Extra mint x years S.S.

Error "b" 10

11745.14

101,50
13.51
996.11

11745.14
732.04
101.50

13.51
99661

U
16,04 13.74

1.02 10,04

14 10,04

5499

4.96
4,96



