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OCCURRENCE, EBEHAVIOR AND CONTROL OF YERTICILLIUM ALBO-
ATRUM REINKE AND BFRTH, IN SMALL FRUITS

INTRODUCTION

Verticillium albo-atrum Reinke and Berth,, the fungal ﬁathogon
responsible for the Verticillium wilt disease in small fruits, is of
almost universal distribution, and is capable of infecting a large
number of other crops. In many cases the disease has been confused
with conditions resulting from attacks by other pethogens, especially
in the decades following the original description of the causal
agent in potatoes in Germany.

In Oregon, Verticillium wilt of potatoes and eggplants was
reported shortly after plant pathological investigations were started
on any scale, As early as 1904, black raspberries in the Northwest
were known to be affected, serious losses being reported in some
cases (79). The intensive planting of hops and potatoes in the
Willemette Valley in the first 25 years of this century has undoubtedly
played an important part in building up the disease severity., Native
wild black raspberries have been found with Vertieillium wilt, indi-
cating that in all probebility the pethogen has not been introduced,
but is native to the local soils.

Yerticillium albo-atrum is able to survive for long periods in
the soil as the microsclerotial resting stage (70); the planting of
eny crop having a degree of susceptibility to the fungus is enough
to ensure its continued viebility in the soil,



Black raspberry growers in the Willamette Valley have been
concerned about the Verticillium wilt problem for meny years as it
is undoubtedly the main cultural factor limiting production., In
1955 a grower-supported project was set up to investigate various
aspects of the disease, especielly possible control messures.

A survey of the better black raspberry plantings in the areas
vhere thia erop is grown most extensively-~Washington, Multnomeh,
Marion, Yemhill, Limn and Clackamas counties--was conducted in 1955~
56, /Although Verticillium wilt was found to be the most important
factor responsible for the decline of the plantings, it was by no
means the only disease involved., Armillaria root-rot and root-rot
complexes similer to those described in red raspberries (28 and 47)
were also frequently encountered, The Verticillium wilt disease was
not found to be causing much significant damage in red raspberry
plantings,

Verticillium wilt has been recognized as an important disease
of strewberries in British Columbies (40), California (59) and the
Eastern United States (9) for several years. In Oregon, however,
it has apparently been confused to some extent with the black root—
rot complex, Weather conditions in the Northwest are such that
symptom expression in the widely grown Marshall variety is poorly
defined.,

A survey of the better strawberry plantings in the areas of
Oregon in which this crop is prineipelly cultivated was made in the



summers of 1955 and 1956, It was found the disease was quite pre-
velent in some plantings, making them uneconomicel in a few cases.

Measures for the avoidance of Verticillium wilt have been well-
established for smell fruits and other crops, but the economical
control of the disease once the soil has become infested has yet to
be achieved., Investigations were conducted to determine whether control
with chemicals could be obtained at rates feasible for the grower.
Control messures applicable to Verticillium wilt of other crops can
generally be adapted for use against the disease in small fruits,.
For small fruit plantings, which usually are maintained for five to
ten years, & more complete eradication of the fungus from the in-
fested soil is necessary than for an amnnual crop such as potatoes.

Biological control of Vertieillium wilt by the addition of
crop residues is showing considerable promise as a long-term control
measure. Inoculation of the soil with micro-organisms antagonistic
to Yerticillium albo-atrum, perhaps in conjunction with addition of
crop residues or chemical treatment, is another method which might
be effective., Breeding for resistance to Verticillium wilt of
black raspberries is e possibility which must not be overlooked, but
it would be difficult to obtain this without changing the character
of the species, as there seems to be little or no evidence of
within-species resistence and the nearest outside source appears to
be in some of the commercial derivaetives of the wild Pacific coast
treiling blackberry, Rubus ursinus Chem, and Schlecht (75).



Varieties of red raspberry and strawberry having & fair measure of
tolerance to Verticillium wilt have been known for several years and
are widely grown in Oregon.

The inhibition of microsclerotia formation is a possible meens
of reducing the pethogen to the status of a root inhabitant and
thereby greatly simplifying its comtrol (5). The importance of being
able to detect the presence and smount of the Verticillium wilt
fungus in the soil, both from the grower's and the investigator's
points of view, led to studies on the possibility of obtaining
more rapid end accurate methods than those available at the present
time,



LITERATURE REVIEW

Ihe disease
A, Symptoms in small fruits

In black raspberries the appeerance of the disease ebove ground
may very sccording to the distribution of infection in the roots (81).
When the whole root system is involved, the entire plant becomes
dwarfed and pale yellowish areas appear between the mein leaf veins.
Usually these symptoms occur on the lower leaves eerly in the summer,
spreading further up the plant later in the season. When only a few
roots are infected on one side of the plant, the above-ground symp-
toms are usually confined to the same side. In extreme cases 2
bluish streak extends up the side of the cene. In primocanes the
disease spreads very rapidly, inducing symptoms of vasculer discolo=-
ration and wilting of the leaves,

When infection takes place through the small secondary roots
produced directly from the main crown of the plant, the entire crown
soon becomes involved and the plant may die by the end of the season.
Lateral roots may often remein uninfected end produce smell plants
from adventitious buds, Similar descriptions have been given by
Berkeley and Jeckson (6), Hockey (23) and Lawrence (34). Lawrence
reported, however, that defoliastion and wilting take place from the
top of the plant downward, but Rudolph (51) pointed out that this
is erroneous.

In red raspberries the symptoms appear on the new canes late
in the season, the first sign of infection being a yellowing of the



lower leaves in the intervensl areas (20)., Affected leaves often
curl up &t the mergin end ultimately fall prematurely, the terminal
tuft being the last to survive, A blue stripe on the stem, extending
from the ground upwards, proved to be the most reliable diagnostic
symptom in the field., During the winter the dead fruiting canes

end shrivelled buds are the only outward indication of the disease.
The dead buds occupy positions in a vertical line and the underlying
tissue is discolored, As the leaves appear, some of the canes are
noticeable for the dwarf character of the leaves end the poor develop-
ment of the fruiting laterals, The éanes may produce undersized
fruit or die before the fruit is matured.

In strawberries under California conditions the outer leaves
usually droop or wilt, older leaves turn brown, followed by the
gredusl deeth of the plant (59). Roots are usually unchanged in
appearance but may be reduced in number. Runners mey or may not die,
depending on whether they were established before or after the mother
plant became seriously infected. In the first case, the runmers
die owing to their failure to receive support from the mother plant.
fn the second case runmer plants were often observed to wilt and die
soon after becoming established, either through infection via the
stolon or through the new roots.

It was observed by McKeen and Bosher in British Columbia (40)
that wilting of strewberry plants becomes evident in the fruiting

season and the plants often survive for a while and develop a few



small leaves in the center of the crown and sometimes one or two
spindly side erowms, but produce little or no marketable fruit.

Braun (9, 10) found thet in New York runmer production by diseased
plants is somewhat reduced and thet later in the season the diseased
mother plants and their runners develop & characteristic reddening
of the petioles and stolons, The older leeves show premature red-
dening and yellowing and the outermost leaves eventually turn brown
and die., Eerly symptoms appear soon after the blossom stage when
the affected plants show discoloration, poor growth, and wilt on
sunny days. The wilted plants recover in the evening, but they
gradually lose this ability as the season progresses,

Symptoms in youngberry, dewberry and other susceptible black-
berries are not sufficiently different from those in red raspberry
to justify individual description, although the blue stripe symptom
is less common in some of these species (51).

B, Disecse development

Dimond (12) pointed out that the rapidity of disease develop-
ment depends on several factors, mainly envirommental, in any part-
icular host. Infection of the host oceurs through the roots and the
fungus penetrates fairly directly to vascular tissue., Thereafter
further mycelial growth is almost always restricted to conductive
elements of the xylem. Mycelium continues to grow through the root
and stem and in meny ceses it eventually appears in petioles and the
growing point, In late stages of the disease, especially in none



woody hosts, the fungus causes disintegration of stem tissues gene-
rally and may fruit on the surface after the plant dies, By this
time, extensive rotting of the roots may have occurred, probably as
a result of infection by secondary pathogens.

It wes shown by Thomas (59) that Verticillium is rarely isolated
from strawberry roots, but the fungus is readily obtained from the
erowns.

Bewley (8) observed that in tomatoes the fungus destroys the
cortex at the point of entrance and enters the wood where it grows
upward into the stem.

Braun (10) pointed out that strawberry plants weakened by
Yerticillium infection may be more susceptible to root-rotting
ofganinl. Roots of badly affected plents are usually decayed but
it hes not been established thet this is due directly to Yerticillium,

Incidence of plant pathogenic nematodes in the soil does not
contribute to the severity of disease development as far as could be
told from the results of MeClellan, Wilhelm and George (38).

Van der Meer (61) reported thst mildly affected cherry trees
may recover from Verticillium infection unless the roots are re-
infected, Also Rudolph (51) made the observation that even very
severely attacked fruit trees may exhibit a most extresordinary re-
covery in the following year. Roberts (49) found that tomeato plants
are less susceptible to Verticillium when young and after eight weeks

they are infected from the soil much more consistently., These re-



sults indicate that there may be stages in the growing cyele of other
plants in which little or no infection can teke place.
C. Dissemination and spread

The studies by Isaac (26) indicated that Vertieillium slbo-atrum
is spread by root growth and contact rather than by mycelium growing
towards the root, The fungus must first kill the host, then the
neighboring plant must send roots into the remains,

Roberts (49) demonstrated thet killing of & central infected
plant in a field hestened the spread of Verticillium to healthy
surrounding plants. Rudolph and Herrison (52) observed that the
spread of Verticillium in irrigation water was usually found to be

against the direction of flow.
Wilhelm (69) reported that dissemination of Verticillium may

occur by wind that carries pieces of tissue on which serial micro-
sclerotia have formed, Undoubtedly much spread of the fungus occurs
through the distribution of infected plant propagetion perts.
Keyworth and Bemnett (32) reported, however, that strawberry runmners
taken from severely affected plantations produce apparently healthy
plants when grown in clean soil, Spreasd of the fungus by cultivation
of crop remains into the soil is an important way by which the fungus
can be spread in a field where infection was initially restricted
to local areas. (51,pp. 254=-256)
D. Cause of wilt and other symptoms

Dimond (12), in integrating the verious theories on the mecha-
nism of wilt induetion, pointed out that no ome toxin or enzyme will



account for the syndrome of eny one wilt disease. Fpinasty end leaf
vellowing appear to be caused by ethylene formation by the pathogen
end possibly to some extent by the host. Vascular discoloration
appeers to result from melenin production in living ecells, brought
on by disorgenization through the pectic enzymes produced by the
pethogen,

Verticillium albo-atrum produces pectic enzymes which partially
or completely hydrolyse pectins exposed in pits and vessels, The
hydrolytic products can form caleium gels if partially hydrolysed,
or gums if aeted upon by other enzymes. In either case the vessels
become plugged and weter shortage develops in the leaves, This leads
to wilting that becomes more acute with time, Many other workers
have attempted to explein the wilting phenomenon (8,17,18,34,45,53).

Barlier workers were of the opinion that myeelial growth was
gsufficient to block the vessels end cause wilt (7,61), but this view
has been disproved by subsequent investigations and the integrated
theory, as put forward by Dimond (12) has gained generzl acceptance.
It wes shown by Van der Meer (61) that the gum formed in the wood of
infected cherry trees is insoluble in water, 96% ethyl aleohol,
ether, nitric and sulfuric acids esnd potessium hydroxide, Boiling in
nitric aeid was the only treetment which dissolved the gum, Trans-
formation of cell wall peetin into a gum of this nature would be
sufficient, therefore, to destroy the permeability of the cell walls

to water or plant sap,

10
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E, Taxonomy of the fungus

Recent work on the variation of isoletes of Verticillium ob-
tained from mint plants, in which they were responsible for wilt,
has indiceted that the name Vertieillium sllo-gtrum Reinke and Berth. would
be more accurately applied to all of the systemic strains of Verti-
cillium (16).

It was shown by Fulton, working with a raspberry isolate (14),
Gauger, working with a2 mint isolete (16), Nelson, working with another
mint isolate (45) and Presley, working with a cotton isolate (48)
that four distinet morphological variants of Verticillium could be
obtained by single spore isolations from each source, Wide variations
between these four types for pathogenicity, microsclerotia formation
and potentiality for further veriation in single spore isolates
were demonstrated. Hence the attitude of Rudolph (50) that all
isolates should be designated Verticillium albo-strum Reinke and
Berth, and that attempts to make further sepsrations at the species
level should not be rade, would seem to be more logical,

A speecies of Verticillium capable of causing week root infections
of maple and other hosts was given the name Vertieillium intertextum
by Isasc and Devies (27). The fungus forms aerial hyphese aggregated
into mycelial strands in culture and is incepable of systemic vascular
growth.

F. Characteristics of the fungus

While Wilhelm (68) and Isasc (25) regard Vertieillium albo-strum

as & root inhabitant, the opinion of Luek (35) thet the fungus is a
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weak root-inhabitant effectively elevated to the status of soil
inhabitent by the microsclerotia, would seem to be more plausible,
Luck found that unsterilized muck soil inoculsted with conidia and
mycelium of Verticillium albo-atrum was no longer infective after
five months. When the experiment was repeated with
microsclerotia, there was no drop in inoculum potential,

Wilhelm (70) found that a proportion of the microsclerotia were
still viable after thirteen years in culture and sfter fourteen
years in field soil without any susceptible hosts being present,
These results contrast with earlier experiments by McKay (39)
and Zeller (81) in which they found thet the fungus is only viable
for one year in infected poteto and black raspberry tissue, It is
possible that they were working with one of the hyaline types of
the fungus in which the formation of microsclerotia does not take
place, V

Wilhelm (65) found no epparent relation between soil type,
climatic enviromment or crop history and the vertiecal distribution
of Verticillium albo-atrum in the soil, Semples of twenty soils
showed thet the fungus is frequently present to 2 depth of thirty-
six inches, although the esmount at this level is usually one-third
to & quarter as much as in the surfece layers.

Recent results (5) have shown that the formation of microsclerotia

by Yerticillium albo-etrum is epparently linked with the production
of the black pigment (pelanin) which they contein, Regulation of
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melanin production produced a corresponding varietion in the number
of microsclerotia formed. The pattern of variation of this fungus
in culture is difficult to explain., Gauger (16) found that variations
occur in the isolates from successive spores on conidiophores of each
of the four morphological variants he described. This is surprising
in view of the fact that the majority of the conidia are uninucleate
and the same conidiophore nucleus is responsible for providing the
genetic material of all the conidia it produces. Although Gauger
mede hyphal-tip isclations, it was not possible to say with certainty
whether heterocaryosis occurs,

G, Host Range

Rudolph (51) has tebulated the species of plents susceptiltle
to Verticillium wilt and listed about 134 species in 18 orders that
were known to be affected in 1931, Since that time the host range
has been extended by Bsker, Snyder and Hansen (4), Snyder, Hensen
and Wilhelm (58) and Wilhelm, Reabe and Smalley (74).

Susceptible small fruit species are blagk snd red raspberry,
Crandall blackberry, dewberry, nectarberry (51), boysenbterry and
youngberry (75) and commercial varieties of strawberry (59).

Other crops commonly planted in Oregon, such as potatoes, beans,
peas, cabbages, brussels sprouts, hops, cherries, mint, tomatoes,
squash, watermelon and cucumber, possess varying degrees of suscepti-
bility to Vertieillium wilt (51), In soils where potatoes, hops or
tomatoes are grown the fungus builds up to such proportions that
planting with black raspberries or strawberries would be disastrous.



(79)., The fungus is able to meintain itself in the soil with other
erops, and possibly to build up its inoculum potential to verying
degrees, Braun (10) pointed out thet grains are the only group of
plants thet ere entirely immunme,

H, Host specificity

Tudbrook (3%) is of the opinion that there is little or no
biologic specialization emong the systemic strains of Verticillium,
but important differences in pathogenieity have been recorded for
isolates from different sources. WNelson (44) points out thet Verti-
¢illium slbo~-atrum is cheracterized by non-specific pathogenesis,

He demonstrated that isolates from cotton, pepper, eggplant, snep-
dragon, okra, blackberry and other very susceptible plants have not
infected peppermint under the most favorable conditions, Snyder,
Hansen and Wilhelm (58) reported & marked difference in the hoste
specificity of isolates from stock, radish, nightshade, cabbage
end brussels sprouts, which did not infect Bormny Best tomatoes, and
isoletes from clove and Crandall blackberry, which did.

It was shown by Horner (24) that 17 iscletes of YVerticillium
albo-gtrum from 11 hosts were infectious to peppermint. The discre-
pency with Nelson's results (44) is apparently due to the fact that
the latter interpreted lack of symptoms &s evidence of lack of in-
fection,

Rudolph (51) summerized the eross-inoculation data known in
1931 and considers thet unsuccessful inoculation experiments were due
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mainly to the fact that the investigators used too few test plants
or that environmental conditions were unfavorable for disease de-
velopment,

A variety of inoculstion methods have been used in treating
pethogenicity and host specificity of vascular wilt fungi, Bewley
(8) reported that symptoms are produced more rapidly when the myce-
lium of Vertieillium alboeatrum is introduced into the hypocotyl
or internode of tomatec plents then when the fungus is placed directly
in the soil, Rudolph (51) used a spore suspension to infest the
goil but found thet plents grown in the soil were not uniformly
infected and comsidered the method to be unsatisfactory.

Wellmen (64) compered several inoculstion techniques and
demonstrated that dipping the roots in 2 spbre suspension gives the
most satisfactory results. Neturally infested field soil produced
uneven infection and sterilized soil inoculated heavily with cultures
of the fungus also gave erratic results., Inoculations by pouring
fungus suspensions over the scil or in holes at the bese of the
plants gave fair results but disease development was slow.

Subsequent to Wellmen's report, the root-dip method hes been
used, with slight variations, in almost 211 of the investigations by
Gellegly (15), Green (18), Keyworth (30), Scheffer and Waelter (53),
and Wilhelm and Thomes (74)., The method hes the advantege over that
used by Bewley (8) of easier applicetion and less probability of
contamination,
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I. Diseases producing symptoms similer to Verticillium wilt in smell
fruits.

Jones (28) found that Armillaris mellea was responsible for
unhealthy growth of respberries in British Columbia, The observations
of Childs and Zeller (11) showed that two strains of Armillaris mellea
may be distinguished, One strain from former Douglas fir plantings
is apperently entirely saprophytiec, a&s roots of orchard trees covered
with the fungus were unaffected. The other strain, found on former
oak tree sites, was pathogenic and on all areas from which oack trees
had been removed, some of the orchard trees were dying.

In strawberries the black root rot condition is responsible for
above-ground symptoms similar to those of Verticillium wilt,(9,10)

In studies on root rot conditiohs of red raspberries in northern
Utah, Powelson (47) describes symptoms of dwerfing of the canes,
bronzing end scorching of the leaves, and death of individual cenes
or the entire stool., The prinecipal fungi found to be assoeiated
with the roots of affected plants were species of Cylindrocarpon,

Coniothyrium, Pythium end Fugerium. It was demonstrated thet
Pratylenchus species and other nematodes were also involved in the

complex.
Assey methods
A, &uceptible‘ plants
Wilhelm (65) found that microsclerotie of Verticillium albo-atrum
ere too small to be screemed or washed from the soil, the method used
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for Sclerotium rolfgii end Phymatotrichum omnivorum. Similerly
Luck (35) reported that the specific gravity of the microsclerotia

fluctuvates over & wide range and is not sufficiently different from
that of muck soil to allow seperation by flotation techniques.

The most successful method available at the present time
involves the growing of susceptible plants in the soil to be tested.
Wilhelm (65) using tomato seedlings tremsplanted in the cotyledon
stage, related his infection index (the percentage of Bomny Best
tomato plents which became infected with Verticillium after six weeks
when planted in 8 inch pots, 10 plants per pot) to the inoculum
potential, He found that, within broad limits, this infection
index is directly proportional to inoculum potential and is 2zt least
a function of the inoculum potential, the inoculum distribution and
the past crop history of the soil,

The results of Snyder, Hansen and Wilhelm (58) indicate thet
Bonny Pest tometo may not be the best assay plent for Verticillium
glbo-atrum since isolates from stock, radish, cabbage and brussels
sprouts did not infect it,

B. Plating

Paharia and Kommedahl (46) consider that the dilution technique
does not give e true picture of soil microflora, Martin (37) found
that it is possible to inhibit becteria in soil dilution plates by
using streptomyein and rose bengal., Recent work by Tolmsoff (60)
shows that even without bacteria the heavily-sporing and fast-growing
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fungi such as species of Penieillium, Mucor, Irichoderme and Fythium
make dilutions of the order of 1:1,000,000 necessary to obtain read-
able mumbers of colonies, Tolmsoff found that when microsclerotia
of Verticillium were added to soil at a rate of one million per cec. of
soil, it was not possible to detect the fungus at the dilution of
1:10,000,000 necessery to meke reading of the plates possible.

Tests with the same inoculum showed that 50 microsclerotia per ce. of
soil were sufficient to infect potato plants, Many soils appear to
contain about ten million spores of the heavily-sporing fungi per
cC.y 80 that dilutions will be heavily biased in favor of these
species unless & selective medium can be developed.
Control measures
A, Cultural
1. Crop rotation, While crop rotetion is suggested by most
writers as a possible means of eradicating Verticillium from infected
soil, data from cross-inoculation and rotation experiments (51)
indicate thet in practice this method is restricted in application.
It is en effeciive means of preventing further buildup of the fungus
in the soil, but there is little confirmed evidence of disease control,
Earlier reports by Zeller (81) end McKay (39) state that almost
complete control of the diseasse could be obtained by 3 to 5 year
rotations with non-susceptible crops. Guba (19) however, demonstrated
that no control was obtained by rotation, even over a long period, with
non-susceptible erops, and this appeers to be the opinion held by most
workers at the present time, It was shown by Wilhelm (70) thet the
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fungue persisted for 14 years in field soil without any susceptible
host present, Similarly Nelson (45) was able to obtein almost 100%
infection in & field which had been planted with non-susceptible
erops or fallowed for 12 years., Zeller (79) gave a good example of
what can happen if two susceptible crops are grown on the same ground
in suceessive years, He described 2 case in which almost 100% ine
fection of black raspberry plents hed oceurred in a field where
potatoes had been grown the previous yesr. Fifty percent oflthe
plents were dead or dying.

2, Mutrition. Roberts (49) found & merked decrease in infection
of tometo plants starved of nitrogen. Gallegly (15) confirmed these
results under controlled envirommental conditions. Subsequent ex-
periments by Roberts (50) demonstrated thet when nitrogen eni phos-
phorus ere sufficient for good growth of tomate plants, addition of
potassium had no effect on Verticillium infectionm.

Presley (48) showed that higher rates of nitrogen incressed
Verticillium wilt of cotton while hesvier applicetions of potassium
were effective in decreecsing the incidence of disease.

No evidence was found by Nelson (45) that minor elements have
eny effect on incidence or severity of wilt.

3., Environment., Rewley (8) described 2 method of decreasing
the severity of Verticillium wilt in tomatoes in the greemhouse., He
held the infected plants for several days at a temperature of 25°C,, light-
1y watered, in a greenhouse seded by an application of whitewash.



Nelson (45), working with mint, found almost as severe symptom ex-
pression at 28°C, as at 24°C., which indicates thet maximal tempera-
tures for disease development vary with the host plant used.

Himelick (22) demonstreted that disease-free mint planting stock
could be obtained by tresting rhizomes at temperatures of 47°C, for
55 minutes, 48°C. for 35 minutes or 49°C. for 20 minutes.

It was shown by Wilhelm (66) that occurrence and severity of
Verticillium wilt in California weas not greatly affected by the pH
of the soil within the range in which susceptible crops are commonly
grown. Severs outbreaks of the diseasemy occur on soils well in
the acid range,

Guba (19), in attempting to control Vertieillium wilt of
eggplants, trested infected soil with sulfur for four consecutive
years which reduced the soil pH to about 4.2, FPlants still showed
almost 100% infection. Further pH reductions controlled the disease
but the plants grew very poorly. Guba concluded that artificial
acidification is impracticable as a soil treatment.

In the investigetions of Van der Meer (61) it asppeared that
disease development is much more rapid in drought and that under very
moist conditions the susceptible plants suffer but little from the
disease, Nelson (45) by inereasing the soil moisture from 70% to
85%, was able to considerably reduce the severity of Verticillium
wilt of mint, The disesse was much worse in saturated soil tham with
85% moisture., Keyworth (29) found in experiments on hops thet it is
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not possible to say that the disesse symptoms sre more evident in
wet summers, but he nevertheless recommends improvement of soil
drainage as a control measure,

L. Roguing, senitation, weed control, Rudolph (51) sumiarized
the situation very effectively in seying thet a1l writers stress
the great necessity of cleering the soil of all infective materisl,
Dead or dying plants with as much of the root system as possible,
end all plant debris and weeds, should be carefully removed and
burned.

Host range studies (51) showed that &1l the major dicotyledonous
weeds are susceptible to Verticillium wilt end mey therefore be
responsible for keeping fields infested for & long period of time
if they are not controlled.

Seversl workers (39, 51) have shown that roguing of single
plants may lead to a greater incidence of infection by the end of
the season because roots of adjacent plants come into contact with
the moribund remains on which the fungus is growing. The standard
recommendation is the removal of two neighboring heeslthy plants in
addition to the one showing signs of infection.

5, Use of clean plenting stock. Keyworth (29) found that
cuttings of hop plants should not be teken from infected fields for
propagation purposes, or, if this is impossible, they should le taken
from arees well away from where infection has occurred. Other

writers arb in genersl sagreement that plant perts used for pro-



pegation should be taken only from healthy stock.

Keyworth and Bemnett (32) observed that rumners teken from
severely disessed strewberry plantations may produce apparently
healthy plants when set in clean soil,

B, Chemical control

1, Soil disinfestation, Schoevers (55) reported that one ounce
of a mixture of 5% parts of ammonium carbonate to one pert of copper
sulfate in 2 gallons of water wes somewhaet effective in eontrolling
Verticillium wilt when applied to the soil as & drench, Steam wes
shown to be successful but imprecticable on & large scale, Two
percent formalin was found to be effective in greenhouse applications
at & rate of 2 liters per square meter, but treatment was rather
costly, Keyworth (29) recommended the use of formelin for the
treatment of areas from which infected hop plants have been removed,
The method requires 8 gallons of 2% formalin to be poured down the
sides of the hole from which the infected plant has been removed and
replacement with uninfected soil.

It was found by Wilhelm (67) that fermate and dithene, at rates
of 0,17 of the dry weight of the soil, csused a considerable re-
duction in the inoculum potential of Verticillium infested soil, while
spergon at the same rate was ineffective.

Studies by Nelson (45) showed that Verticillium wilt of mint
could be controlled by applications of chloropicrin at the rate of
500 pounds per acre, He pointed out that steam sterilization is
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effective tut is too expensive. Formalin and nemetocides were found
to be practically inmeffective., The investigations of Wilhelm and
Ferguson (73) demonstrated that under field conditions chloropicrin
at 35.3 gallons per acre (about 500 pounds) reduced infection of
tomato plants from 100% to 9.1%, and chlorobromopropene (CPP=55)
at 46 gallons per scre reduced infection from 100% to 76.4%. Allyl
bromide was found to have an effective rate similer to that of chloro-
picrin in preliminery tests, but was not used in the field triels,
presumably becsuse of its obnoxious nature. Chloropicrin was found
to diffuse in 21l directions, while allyl bromide and CBP=55 only
diffused downwards.

Munnecke and Lindgren (42) and Wilhelm (72) found thet methyl
bromide at 4 pounds per 100 square feet was ineffective in controlling
Yerticillium in the soil, and Wilhelm (72) further reported that
ethylene dibromide at 100 gallons per acre, DD at 100 gallons per
acre, and carbon disulfide at 600 gellons per acre were insufficient
to control the fungus in the soil.

Anderson and Ckimoto (1) found thet a compound, 3,5-dimethyl-
tetrahydro-l,3,5,2-thiadiazine~2~thione, now known as Mylone, was
effective at comperitively low retes against species of Eythium,
Fuserium, end Phytophthora in the laboratory, This material completely
controlled Phytophthors cinnemomi of tomatoes at a rate of 50 pounds
per acre in greenhouse tests.



Young end Tolmsoff (78) demonstrated thet 190 pounds per acre
of sodium Nemethyl dithiocarbemete (Vepem) was extremely effective
in controlling the early maturity disease of potatoes, the prineciple
cause of which is Verticillium slbo-gtrum. In spite of heavy in-
creases in yield, all potato plants in the treated areas were found to
be infected with Verticillium., Residuel effects in both weed and
disease control were observed when potatoes were planted the following
year,

2. Chemotherapy. Hilborn and Delp (21) found that several
antibiotics were able to reduce the severity of disease in tomato
and potato plants infected with Verticillium albo-gtrum. Dimond
and Davis (13) working with Fusarium wilt of tomato, pointed out that
benzothiazoles are not active as systemic fungicides but alter the
metabolism of the host to produce resistance.

Waggoner (63) reported that control of Verticillium wilt of
potatoes by use of certified seed, less susceptible varieties and
crop rotation had not been adequate in the northeastern United States.
Chemotherapy by use of 2,4~D and chelated metals was attempted, but
no well-merked control was obtained., 2,4-D reduced symptom expression
of the disesse when sprayed to run-off at a rate of 500 and 1000
parts per million, The plants in these treatments gave a lower yield
than those in the control plots.

Recent work by Becker (5) has shown that the formation of miero-

sclerotia in a mint isolate of Verticillium albo-gtrum could be
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regulated. Microsclerotia formetion was found to be linked with
melanin production and inhibition of the polyphenol oxidase enzyme
which is involved in the synthesis of this pigment, could be echieved.
Polyphenol oxidase is known to require copper ions &s activators,
through which the flow of electrons to oxygen is mediated. By che-
lating the copper available to the organism with Versenates or dithio-
carbamates, microsclerotia formation can be completely inhibited
in yitro.

Zentmyer and Erspemer (82) found that trestment of avocado
trees with therepeutic concentrations (50-100 perts per million)
of N-methyldithiocarbemate (Vapam) applied through 2 sprinkler system
wes strikingly effective in reducing infection by Phytophthors cinne-
momi.
C. Biological control

Millard end Taylor (41) were esble to reduce potato scab by
inoculating soil with another specles of Streptomyces, which effect
they considered to be due to competition rather than antagonism,
Anwer (2) demonstrated that an isolate of Bacillus subtilis protected

berley plents from infection by Helminthosporium getivum when both
orgenisms were zdded to the soil under greenhouse and field conditions.

No control of Fusarium lini in flax was obtained using other micro-
organisms which had locked promiszing in this respect in leboratory
tests.



irk end Oswald (3) reported thet some strains of Streptomyces
gcabies exertéd strong antibiotic sction sgainst Fusarium oxysporum

and Yerticillium albo-atrum when grown on potato dextrose agar at 28°C,
Recent observations by Wilson (77) demonstrate that certain soil

fungi are able to produce a substance or substences in sterilized
muck soils which are active ageinst Jerticillium albo-atrum. Green=-
house trisls with the antagonistic fungi indicated the possibility of
modifying the pathogenic effects of Verticillium in tomatoes. Species
of Streptomyces, Fimetaris, Podospors, Cheetomium e=nd Stachybotris
alternans effected good control.

The investigetions of Wilhelm (67) show that substantial re-
ductions in the inoculum potential of Vertieillium slbo-gtrum in
soil could be obtained by the addition of blood meal, fish mesl and
cottonseed meal at approximastely equivalent nitrogen levels, The
suppression of the fungus was thought to be due to competition by
the saprophytic microflora, favored hy the presence of the amend-
ments,
D, Resistance

1, Neture of resistence., Studies by Keyworth (31) indicete that
the site of differential resistance of hops to Verticilliwm albo-
atrum is in the roots. Grafting experiments showed thet stems of
resistant varieties were susceptible when grafted onto a non-resis-
tant root-stock, The resistance of tomato plents, however, was found
by Scheffer and Walter (54) to be loceted in the stem when cut stems



of resistant =nd susceptible varieties were inoculated with a spore
suspension of Fusarium, The resistent varieties recovered as soon as
new xylem tissue had been produced.

2. Resistent verieties, Sherbekoff (57) points out thet in
spite of the great number of plants affected and the widespread
demage caused by Verticillium albo-strum, there has been relatively
little breeding for resistance against this pasthogen. The resson is
probably thet there is little promise of success with a pathogen
having such 2 wide host range.

Nelson (43) described a non-commercial veriety of spearmint with
excellent resistance to Verticillium wilt, He was azble %o incorporate
this resistance into commercisl peppermint varieties without much
logs of oll quality, Cotton snd tometo varieties which are tolerent or
resistent to Verticillium wilt heve also been developed.(57).

It was shown by Gube (19) thet selection of plents showing
Verticillium wilt tolerance over seversl yeers did not produce any
resistant variety., The observations of Zeller (81) show that all
black and purple varieties of raspberry are susceptible., Some varieties
were able to live for seversl years after becoming infected, slthough
the yield of Lerries was very poor. Thomes (50) observed thet the
Marshall variety of strawberry showed some resistence to wilt since
only & few of the plants die when grown in infected soil, WNo evidence
of resistence was found by Ersun (10) in strawberry verieties commohly

grown in the north-eastern states,



Recent investigations by Wilhelm (71) show that the strawberry
verieties Sierra end Blakemore and some clones of the wild Fragaria
ghiloensis are resistant, The criterion for resistance used was the
ability of the plants to withstand three successive inoculations with
Yerticillium without showing symptoms, although infection mey heve
oceurred. Progenies from crosses of highly resistent paerents were
usuelly less than 50% resistant,

In studies by Wilhelm and Thomas (75, 76) the following bramble
varieties were found to be wilt resistent: clones of Rubus urginus
Cham, and Schlecht., the wild Pacific coast trailing blackberry, end
the derived commercial verieties lLogan, Memmoth, Himalaya, Oregon
Evergreen, Cascade, Chehelem and Ollalie. F, progenies of crosses
of Lloyd George raspberry (susceptible) x Logen (resistant) and Boysen
(susceptible) x Himalaya (resistant) were all found to be resistent,
The Logen veriety appears to breed true for Verticillium wilt resis-
tance, while the susceptible Young, Necter and Boysen varieties, and
the resistant Ollalie, appear to segregate for resistance and sus-
ceptibility.



METHODS AND MATERIALS

During the course of the investigation several materials end
methods were used repeetedly., These are described in this section,
while explanations of eny special techniques will be given with the
data from the individual experiments for which they were used.
Culture media

Potato dextrose ager wes used for isoletion end culture work
throughdut the course of the investigstion, This medium was pre-
pared according to the following formula:

Decoction from 200gm. of potatoes
Dextrose, 20gm.

Agar, 17gm.

Weter to meke 1 liter

Shortly after the investigation was started, it was found to
be necessary to reduce bacterial growth in the medium used for
isolation purposes. Streptomyein, et & concentration of 50 parts
per million, was found to be effective for this purpose. The anti-
biotic was added to the medium prior to the final autoclaving 2s its
activity was not significantly affected by 15 pounds of steam pres-
sure for 20 minutes. When isolations were made for Verticillium
alone, 2% water agar with 50 parts per million of streptomyein was
found to be the most convenient culture medium,
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Isolation

Plent materiel for isolation was surfaoce sterilized by immersion
for short periods (one to three minutes, depending on the nature of
the meteriel) in 2 one te five dilution of commercial sodium hypo-
chlorite (Chlorox). When root material wes involved, soil wes re-
moved by washing in running tap weter prior to surface sterilization.
After immersion in Chlorox the tissue wes placed on a sterile surface
(fresh paper towels were found to be satisfactory) and cut into
sections of sppropriate size with sterilized instruments, The pleces
of tissue were then placed on the medium in petri plates, taking
precautions to prevent contamination from spores in the air, and
2llowed to incubate for three to six days at room temperature.

Isolates of fungi obtained in this way were made by trens-
ferring a small quantity of spores or mycelium from an uncontami-
nated colony in the petri plate to a test tube agar slant, Further
transfers to petri plates were sometimes necessary to free an isolate
from contaminants before placing it in a slant,
Greenhouse procedures

A sendy loam:peat moss mixture, to which an appropriate amount
of balanced fertilizer had been added, was used in a2ll experiments
unless otherwise designated. In the preliminary cross-inoculation
experiments this soil was autoclaved for four hours at 15 pounds
pressure, This treatment led to a lack of uniformity in the results
and was not used in subsequent work, No evidence of contamination

from the unsterilized soil was found in extensive trials.
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Seéd used in the cross-inoculstion and assay experiments were
treated with a commercisl seed protectant at the recommended rate.
Inoculetion
Czapek broth wes used in the preparation of cultures for ino-
culstion purposes. This medium was prepered according to the follow-

ing formula:
Suecrose 30gm.
Sodium nitrate 3gm.
Dipotassium hydrogen phosphate 1gm,
Magnesium sulfate O0.5gm,
Potassium chloride 0.5gm.
Ferrous sulfate 0.01gm,

Water to meke 1 liter
One~hundred milliliters of the Czapek broth in 250ml. Erlemmeyer

flasks were inoculated with mycelium and spores from cultures on
potato dextrose ager and placed on & mechanical shaker for four to
seven days, The contents were then treated for a short time in a
Waring blendor and diluted with three volumes of water. Plants to

be inoculated were removed from the soil and after washing were
placed in the diluted inoculum, After 2 period of 15 to 20 minutes

the plants were removed snd replanted in potting soil,
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THE OCCURRENCE OF VERTICILLIUM WILT OF SMALL FRUITS IN OREGON

Black ragpherries

The main ereas of the Willamette Velley in which black rasp-
berries are grown, Clackemes, Linn, Merion, Multnomeh, Washington and
Yamhill counties, were visited during the summers of 1955 end 1956 to
determine the seriousness of Verticillium wilt in this crop. /ttention
wvas given mainly to plantings which had received adequate care but
were partially or wholly diseased,

Plants having a diseased appearance were examined and the symptoms
recorded, Petioles, canes, crowns or entire plants were brought back
to the laboretory for isolation. /An attempt wes made to select plents
with representative symptoms in each planting, but in cases where
there were plants with other symptoms, these were also examined, £/
total of 70 farms were visited in the survey, 24 of which were found
to have plants infected with Vertieillium (Table 1).

The diseese was found to be most prefalont in Clackamas, Msrion,
Washington and Yamhill counties. In Linn and Multnomeh counties there
was little evidence of Verticillium wilt end disease problems were
due to other csuses. In Linn county, Armilleria root rot was ap-
parently the mein disease responsible for decline of the plantings.
Strevberries

Scattered strawberry plants in various locations throughout the
state were found to be infected with Verticillium wilt in 1955, A

survey wes carried out in the summer of 1956 to determine the severity
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Table 1. Frequency of isclation of Verticillium albo-atrum from
diseesed black respberry plents in the Willamette Valley in

1955 and 1956,

Disessed plants Plants with Farms Farms with
County exsmine srticilliw site 114y
Clackamas 92 27 16 7
Linn .32 - 11 -
Marion La 9 10 6
Multnomsh 19 2 8 1
Washingtoh 43 16 14 6
Yemhill 31 13 9 4
TOTALS 259 67 70 24

of the disesse in this crop., Only the better plantings were visited
to eliminste complications which might result from poor cultural
practices.

Three fields in the centrsl Willsmette valiey in which there
were plants with & discesed appeerance were sampled at random, The
fields were exsmined in esrly znd late summer to determine whether
there had been any increese in the incidence of the disease in the
intervening period. Two outer petioles were taken from each pient
and isolations were attempted to determine whether the plants were
infected with Verticillium (Table 2).

In one plenting of the Marshall variety 21l of the 25 plants
from which isolstions were made were found to be infected. In the

other Mershall plenting 28 out of 70 plants were infected while in



Table 2, Incidence of Verticillium wilt in strawberries in the
Willamette valley in 1956,

“Time of isolation

Variety Acreage July 20-21 September 6
Marshall 2 25/25% 4/h
Marshall 3 28/70 9/30
Silets 1 17/25 24/30

¥ HNumerator -~ the number of plants from which Verticillium albo-atrum
wes isolated: denominator - the number of plants from which isola-

tions were made

the Siletz field 17 out of 25 plants ylelded Verticillium,

Eighteen plantings, totalling 156 acres, were visited in the
Fastern Oregon strawberry plant growing arees (Umatilla, Melheur and
Jefferson counties). Plants with en unhealthy appeerance were brought
back to the laboratory for plating (Table 3).

Of the plantings examined, 7 were found to have plants infected
with Verticillium wilt, No significent incresse or decrease in the
incidence of infection between the first and second samplings could
be detected. In general these strawberry plantings were not seriously
affected by Verticillium wilt except for three of the smeller fields
visited. No Verticillium was isolated from plants taken from three
fields of the Washington variety tut two fields of the Willemette
variety end one field of the Canby variety contained & few plants
which were found to be infected, £/ few blackberry plantings were
visited, but none of them appeered to have wilt disease problems.
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Table 3., Frequency of isolstion of Vertlcillium albo-a from
diseesed strawberries in Bastern Oregon in 1956.
Time of Isolation
Veriety Acreage July 6 July 18 July 27 September 13
Marshall 2 18/25% ' 7/8
Siletsz 1 1/7 4/8
Mershall 44 1/3 0/19
Marshell 18 0/1 0/9
Marshall 1% 1/3 12/17
Marshall 7 0/3 0/5
Marshall 5 2/2 0/21
Siletz x 0/2 0/4
Marshall 1 1/3
Marshall | 1/2

* Mumerator - the number of plants from which Verticillium albo-2
was isoleted: denominator - the number of plants from which isola-
tions were made.
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SYMPTOMS OF THE DISEASE IN OREGON

Black raspberries
During the survey of black raspberry plentings in the Willamette

valley records were kept of the symptoms of all the plents examined.
The frequency of isolcetion of Verticillium from these plants was
compared with external eppeerance to determine which symptoms are
consistently indicative of infection by the fungus (Table 4),
Although some symptoms sre more freguently associated with the
disease than others, none of them were completely diagnostic, BElue-
stem wag the only single symptom which showed much correlation with
infeection, Plents with a combination of symptoms, for example blue-
stem, yellowing and wilting of the leaves of the primocanes were more

consistently found to be infected (Figure 1).

Figure 1. Black raspberry plant from a
field heavily infested with Verticillium.
Symptoms are wilting and yellowing of the
leaves, bluestem and splitting.
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Table 4. Frequency of isolstion of Verticillium albo-atrum from black
raspberry plants showing various symptoms.

Appearance Frequency of isolation
of pla of Verticillium
Bluestem 4/12%
Bluestem and splitting 7/14
Pluestem and yellowing 10/23
Bluestem and primocane wilt 7/20
Bluestem snd fruiting csne wilt 1/1
Bluestem, yellowing and primocane wilt 11/23
Bluestem, yellowing and fruiting cane wilt 1/9
Bluestem, primo- and fruiting cane wilt 1/5
Bluestem, hellowing, primo- and fruiting cane wilt 1/2
Bluestem, yellowing, splitting, primo- and fruiting 9/12
cane wilt
Yellowing 0/9
Yellowing end primocane wilt 2/15
Yellowing end fruiting cene wilt 1/13
Yellowing, primo- and fruiting cane wilt 0/13
Primocane wilt 3/31
Primo~ and fruiting cane wilt 1/14
Fruiting cane wilt 1/8
Stunted growth 2/15
No symptoms (from infected field) 5/14
TOTAL L5745

¥ Numerator- the number of plants from which Verticillium elbo-gtrum was
isolated: denominator- the number of plants from which isolstions were
made
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Splitting of the stem was generally found in young plants which hed
been set out in heavily infested soil (Figure 2). A1l of the individuel
or combined symptoms observed could spparently be trought about by other
diseases, It is significent thet 5 out of 14 symptomless plants from
en infested field were found to be infected with Verticillium.

Stravberries
In an attempt to correlate the presence of Verticillium wilt ine

fection with external eppesrance, isolstions were made from a large

number of strawberry plants from two fields in which the disease was

known to be prevalent (Table 5).

Table 5. Frequency of isol=tion of Yerticillium slbo-strum from straw-
berry plants showing various symptoms

Appearance of plant Marshall o Siletz
Vigorous growth 0/2 3/12
Healthy o/17* , 13/22
Slow growth 2/8 5/5
Foliar discoloration 7/9 9/10
Poor runner formetion - /7
Runners dying - 2/2
Wilting of outer leaves - 3/3
Small leaves - 4/4

*

Numerator- the number of plants from which Verticillium glbo-atrum was

i:glated: denominator- the number of plants from which isolstions were
e



The stem of a black raspberry
field heevily infested with Ve

Symptoms are ap1L+tinL, bluestem,

and yellowing of the leaves,

plant from a
rticillium,
wilting
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Healthy vigorous plants were teken in eddition to plants with symp-

toms of foliar discolorstion (premature reddening and yellowing of the
leaves), wilting of the outer leaves, poor runner formation, slow growth,

and desth of the rummer plants (Figure 3).

Figure 3, Mershall strawberry plant heavily
infected with Verticillium., Symptoms are
poor growth, poor runner formetion and foliar
discoloration.,

It is evident thaet the Siletz variety is more tolerant of Verti-
g¢illium infection sinece 13 of the 22 epparently healthy plants ex-
amined were found to contain the fungus, None of the symptomless
Marghall plants were infected.

In the Mershell veriety foliar discoloration (reddening and
yellowing of the leaves) was sssociated with Verticillium infection in
the majority of cases (Table 5).

In the Siletz variety slow growth, foliar discoloration, poor
runner formation, dying of the runners, wilting of thes outer leaves and

small leaf size could be consistently correlated with the presence‘of

Verticillium infection,
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DISEASFS OF SMALL FRUITS WHICH MAY BE CONFUSED WITH VERTICILLIUM WILT

Bleck respberry diseases

Armilleria root rot. Fxemination of the roots and erowns of
plants showing yellowing and wilting of the leaves revesled a white
mycelial mat, frequently with rhizomorphs (Figure 4), in some of the
plentings which were visited in the survey. No sporopheres were ob-
served &t any time so that identification of the fungus as Armilleria
pellea (Fr,) Quel, could only be tentative, It is possible thet the
fungus 1s not & primery pathogen, or requires preliminery demage to
the roots before it can become esteblished, Evidence that the latter
might be the case was found in plants which hed been demaged by the
lervae of the raspberry root borer, and which showed & more frequent
incidence of the white mycelial fungus,

Raspberry root rot. One recently established planting of black
raspberries was found to have a2 large area of declining plants showing
symptoms of bluestem, wilt and yellowing of the leaves. Preliminary
examination of the stem tissues by isolstion failed to reveal the
presence of Verticillium, When isolations were made from the roots and
erowns of plants showing typiecal symptoms, a number of weakly pathogenic
fungi were obtained. In order of frequency of isolation, these were
Cylindrocerpon sp., Fuserium sp., Rhizoctonis sp., Pythium sp.,

Collectotrichum sp., and Phomopsis sp. This complex of fungi is
similer to that found in red raspberries (47). Some of the above fungi

were occesionelly isoleted from the crowns of plants infected with

Yerticillium,
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Strawberry crown moth (Ramosis bibionipennis). The larva of this

insect was found to be causing considersble damege in a few plantings of
black respberries. The borer may bring about the death of the affected
plants by girdling the crowns (Figure 4). Plants may show wilting end
yellowing of the leaves, lack of vigor and occasionally bluestem,

Water soeking, Black raspberries are very sensitive to weter-
logging of the soil. When plants have been subjected to a period of
partiel or totel flooding they frequently show yellowing of the leaves
and wilting (Figure 5).

Figure 5. Black raspberry plant in a field
which had previously been flooded on two

occasions,
Strawberry diseases

Plants which were showing poor growth, wilting and reddening and
yellowing of the leaves were found in some cases to be infected by Cylin-
drocarpon sp., Fuserium sp., Pythium sp., and Ehizoctonis sp., fungi
which are usually sssocieted with the black root rot complex of strawe
berries, The roots of these plants were invariably blackened, but
plants from which Verticillium was isol-ted also showed this symptom in

some cases.,



FACTORS INFLUENCING THE INCIDENCE OF THE DISEASE

Crop history
In the survey of black raspberry plentings the crop history was

determined es far back as possible. In some cases the growers were
unable to recall what crops had been planted in the ground beyond the
previous five years, or more frequently the farm had changed hends
within this period, These facts may account for some of the discre-
pancles found when erop history was related to the frequency of iso-
lation of Verticillium from the plantings (Table 6).

When Verticillium was found to be present in the black raspberry

plantings, and cereals were the only crops known to have been planted
pfevioualy, it is very probasble that potatoes or hops had been grown

in the field at some earlier date, In most cases a recent history of
potatoes, tomstoes, hops or black raspberries wes associated with in-
fection of the blaék raspberry plantings examined.

Rotation with two years of a cereal crop did not eliminate the fungus
from ground in which black raspberries had been previously grown.
Plantings in fields which previously had been exclusively in pasture
wvere consistently free of the disease. A history of strewberries did not
lead to infection of the black raspberry plentings exesmined. In one case
infection was found in 2 field which had been previously planted with
golden seal, & non-susceptible herb, The explanation for this probsbly
lies in the fact that potatoes were grown in the ground some 20 years

before., The heavy menuring espplied to the herb, in conjunction with
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Table 6, Influence of recent crop history on Verticillium wilt inei-

dence in black rasgpberries.

Becent Crop History

Incidence of Verticillium wilt

Alfalfa, grain

Black raspberries

Black raspberries, potatoes
Black raspberries, clover (2)**
Black raspberries, cereals (2)
Cereals

Cereals, vetch, clover

Hops, Cherries, beans (6), fallow (1)

Cleared from timber
Cleared from timber, potatoes (1)
Clover

Golden seal (Hydrastus canadensis)

Hops

Pasture

Peaches

Potatoes

Potatces, tomatoes

Prunes

Strawberries

Strawberries (3), ceresls (2)

0/1
3/5
0/1
1/1
2/3
3/11
0/
1/1
1/8
0/1
1/2
11
2/2
0/11
11
L/4
11
0/3
0/3
0/2

*Numerator- the mumber of plentings from which Vert -5 trum
was isolated: denominstor- the number of plantings from which isolations

were made,

**The number of yeers the crop was planted is given in parenthesis where
known., The time sequence is from left to right.
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the presence of large numbers of susceptible weeds, was apparently suffi-
cient to maintain the inoculum potential of the fungus in the soil.

From these observations it is evident thet fields in which potatoes,
hops or black respberries have been grown should be tested for the
presence of Verticillium before planting with black raspberries.
Hutrition

Field observetions on the relstion of nutritive factors to inci-
dence of Verticillium wilt in black respberry plentings were consistent
with results reported by other workers (48). Where heavy applications
of barnyard mamure or fertilizer of high nitrogen content were known
to have been made, it was inveriably found thet when the disease wes
present the plantings were more severely affected than when little
nitrogen had been added.

Enviromment

A well-marked seesonal veriation in the incidence of the disease
appears to take place in both black raspberries and strawberries, During
the winter momths isolations from plantings which were known to be
heavily infected during the previous summer were lergely unsuccessful.
This maey be due to the winter temperatures being unfavorable for the
survival of the fungus in the host, or to the low amounts of nutrient
materials present in the vessels of dorment plants,

When severely infected black raspberry and strawberry plants were
brought into the greenhouse and meinteined at 60°~70°F. under winter
light conditions, there was = gradual decresse in the incidence of the
disease in the plants. From this observetion it seems likely thet light



is the important factor involved, the photosynthetic process being
held at a level at which insufficient food material is available to

the fungus.
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DIAGNOSIS OF THE DISFASE IN THE LABORATORY AND FIFLD

Since field diegnosis of Verticillium wilt of small fruits besed
on symptoms 2lone is unreliable, attempts were mede to determine whether
other informetion would give 2 more dependable indicetion of infection.
The crop histories of the black raspberry plentings visited in the survey
were ascertained ss far as possible, but complete correlation with
Verticillium wilt incidence was not found (Table 6)., On ground in which
potatoes or hops had been recently grown the black raspberry plantings
were infected in the mejority of cases, When & diseased planting has a
recent crop history of potatoes or hops and the plants show symptoms
which are most consistently essociated with Verticillium wilt, it is very
probably, but not conclusively, infected with the disease.

Laboratory ﬁiagnoaiu by isolation from tissues of the suspected
plants is a more dependable method, It has been found, however, that
isolations may te negative in the winter and early spring, even though
the plants were known to be infected the previous summer.

Isolation from susceptible weeds was not consistently reliable as
a means of determining whether the soil in 2 field is infested. 1In one
field in which potatoes had been grown for a number of years, nightshade
(Solanum nigrum L.), mellow (Malva rotupdifolis L.), pigweed (Amsrenthus
retoflexus L.) and lambsquarters (Chenopodium slbum L.) were all found to
be infected with Verticillium, In snother field which had originelly been
a hop yard, nightshede, pigweed, lembsquarters and groundsel (Senecio
vulgaris L.) were not infected with the disease., In the greenhouse



susceptible plants beceme quite heavily infected when grown in soil
samples from the latter field.
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SPREAD OF THE DISEASE THROUGH INFECTED PROPAGATION STOCK

Black raspberries
Mother plants which hed been found to be infected with Verti-

eillium wilt were tipped into cans of sterilized soil and ellowed to
root during the winter months, In the spring, isolations from the tip

plants were negative for Verticillium, Tip plants which had established

themselves in bedly infected plantings were alsc found to be free of
Verticillium when solations were made in the spring.
Stravberries

Plants showing typicel symptoms of Verticillium wilt were selected
from plantings in which the disease was known to be present, Isolsations
were made from the mother plants and from the firstlthree runnef plants
of one stolon (Table 7).

Plants which had been teken from a field in which Jerticillium
infection was known to be present and set out by another grower in
clean ground were found to be complétely disease-free. This observation
led to studies on the incidence of the disease in propagetion stock at
the time of digging. Isolstions were made from crowns, roots and
petioles of mother plents and runners growing in heavily infested soil.

Ter. mother and rummer plents of the Marshall variety were found to
be completely free of Verticillium, although isolstions from 25 plents
in the same area of the field showed infection the previous summer, Mild
infections were found in the crowms of 3 out of 15 mother plants and

runner plants of the Siletz variety, at the time of digging, in a field
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Table 7. Incidence of Verticillium slbo-gtrum in the rumners of in-
fected strawberry plants,

Distribution Clones exemined

of infection Marghall Siletz

Mother, 1lst, 2nd and o* 1

3rd runner plents

Mother, 1lst and 2nd 2 1

runner plants

Mother and first

runner plant only 5 3

Mother plant only 1 2

Mother and 2nd
runner plant 1 0

Total clones examined 10

* Infection determined by isolation from two petioles per plant.

R

in which 17 out of 25 of the mother plants Were infected the previous
sumrer,

To determine whether infection of the rummer plants takes place
from the soil or from the mother plant, isolations were made from the
rumner plants and the commecting stolons of clones growing in heavily
infested soil. In clones of the Marshall veriety the mother and runner
plants, but not always the comnecting stolons were infected, In 7
clones of the Siletz variety all of the stolons between the infected
runner plants and the mother plant yielded Yerticillium on isolation,
In another Siletz clone an infected runner plant was attached to 2

healthy mother plant, One Marshall clone hed the mother and second

rumner plents infected while the first runner plant was healthy, From



these observations it appears that in the summer runner plants of the
two varieties examined mey become infected via the stolons or directly

from the soil once the roots are established,
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THE PATHOGENICITY AND HOST RANGE OF VERTICILLIUM ISOLATES

To determine the host specificity of Verticillium isolates from
various sources, a wide range of susceptible plant species was inoculated
end the presence and degree of infection ascertained by isoletion after
a period of 8 weeks,

The cross~inoculation studies were conducted in part to determine
whether any of the plent species tested would be suiteble for bioassay
of the fungus in the soil,

Plants to be inoculsted were grown from seed in sterilized soil,
or obtained from disease-free propagation stock, In the latter cese
preliminary isolations were made to ensure thet the plants were not
‘alreedy infected with Verticillium, Inoculations were made by immersing
the roots in a spore suspension for about 15 mimites, 2 minimum of
three plants of each species were inoculated with each isolate., In the
cases where Verticillium could not be isol=ted from at least one of the
inoculated plants, the inoculstions were repeated with fresh plant
material (Teble 8).

Dlant gpecies inoculsted
Black raspberry, Munger var, Rubus occidentalis L.
Eggplant, Black Beauty var. Solanum melongena L,
Balsam®* Impatiens sp.
Tomato, Bommy Best var, Lycopersicum esculentum L.
Potato, Netted Gem var, Solenum tuberosum L.

¥Several commercial verieties of balsam were used in the course of the

investigation but no differences in susceptibility to ¥§§§lg%%l%§§ could
be detected between them, Further references will be s y sam,



Plant gpecies inoculsted (continued)
Mint, Mitcham ver,

Red raspberry, Weshington var,

Groundsel

Dandelion

Lambsquarters

Pigweed

Strawberry, Marshall ver,

Strawberry, Siletz var.
Isolates used for inoculum

Source of isolete
Yerticillium elbo-strum

Black raspberry (Rubus occidentalis L.)
Hop (Humulus lupulus L.)
Mint (Memths piperita L.)
Potato (Solanum tuberosum L.)
Strawberry (Frageria sp.)
Maple (Acer macrophyllum Persh, )
Peony (Paconia officinalis L.)
Snowberry (Symphoricarpus albus I.)
Mallow (Malve rotundifolie L,)
Red respberry (Rubus idseus IL.)
Tomato (Lycopersicum esculentum Mill,)

Yertieilliun intertextun

Lotus corniculatus L.
¥See Appendix A for details

54,
Mentha piperita L.
Bubus idaeus L.
Senecio vulgaris L.
Teraxacum officinale Weber
Chenopodium album L.
Amaranthus retroflexus L.
Fragaris sp.
Fregards sp.

Index pumber*

B=3=0=, B=7-W, B=§-Mu, B-6-W
HelwC,y Hel=L

Hn-S-S, Mn-51-H, Mn-51-N
Po-5-s; Po=6=C, Po-9-H
5t-9-0, St-1-D

Mp-11-0

Py=40-H

Sn~43-H

Mw—45-H

R~50~F

T-32-C

I-1-G



Table 8, Host specificity of Verticillium isolates.

Plants Area of Isolates used for inoculum
inoculated isolation B=3«0 B3N Rb=W Re5eMy
Black rasp- stem - X x =
berry root X x x x
Eggplant stem x x x x
root x x x x
Balsam stem x x x x
root x x % x
Tomato stem x x - p 4
root X x x x
Potato stem x x x o
root - - - =
Mint stem - Py - x
root - x - x
Red rasp- stem - - - -
berry root - - - x
Groundsel stem x x x x
Dendelion erown x - - x
root - x - -
Lambg- stem x x x x
quarters root x X X X
Pigweed stem x x x x
root x - x x
Marsheall crown x - % x
stravberry root - - - -
Siletz crown - - x -
stravberry root - - - -

x Plant perts found to be infected on isolation.
- Plant parts found to be uninfected on isolation.
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Table 8 (continued). Host specificity of Verticillium isolates.
Plants Area of Isolates used for inoculum
inoculeted isoletion Hef =D Heliml My—45-H _ Vp-11-0
Black rasp- stem x x x o
berry root b4 x X x
Fggplent stem x x x x
root X x x X
Balsam stem - x x x
root - x x X
Tomato gtem x x x x
root - x x x
Potato gtem x x x x
Mint stem - b 4 - x
Red resp- stem - - - -
berry root x - - -
Groundsel stem x x x x
root - x e x
Dandelion crown - x - -
Lambs~ stem - x x x
quarters root - x x %
Pigweed gtem - x - X
root x - X x
Marshall crown x x x X
stravberry root -~ - - -
Siletz erown x x - -
stravberry root - . - -

X Plant perts found to be infected on isolation,
- Plant parts found to be uninfected on isolation.



Table 8 (contimmed). Host specificity of Verticillium isolates.

Plants Area of Isolates used for inoculum
inoculated isolation Mne—5-5 Mn=51-H Fne5laN ﬁfy—LO-H
Black raspe stem x x x -
berry root x x x x
Fggplant stem x x x x
root x x x x
Ralsam gtem x b 4 x »
root x x x x
Tomato stem x - x x
root x b'4 o x
Potato stem x e . -
root x - - -
Mint stem - x x o
root - x - iy
Red rasp- stem - - - -
berry root - - - -
Groundsel stem x - x x
root - - x %
Dandelion erown x - - -
root - - - -
Lambge stem x - x x
quarters root x - x x
Pigweed stem - - x x
root & - x x
Marshall crown - - - x
strawberry root - - - -
Siletz crown - - - -
strawberry rodt - - - -

x Plant parts found to be infected on isolation,
~ Plant parts found to be uninfected on isolation.



Table 8 (continued). Host specificity of Verticillium isolates.
FPlants Area of Isolates used for inoculum
inoculsted isolation Po=5=5 Po=b=0 Po=OwH Re$0-F
Black raspe stem x x x x
berry root x X X x
Eggplant stem x x x x
root x x x x
Balsam stem x x x £
root - X x x
Tomato stem x - X x
root x x x x
Potato stem x x x X
root X - - -
Mint stem b4 x x -
root x - x x
Red rasp- stem - - x -
berry root - - - -
Groundsel gtem - x X x
root - x b4 -
Dandelion crown - x - -
Lambg- stem - % x x
querters root - x x x
Pigweed stem - - x x
root - x x x
Marshall crown - b 4 x x
stravberry root - - - x
Siletz erown - x
stravberry root - -

x Plant parts found to be infected on isolation.
- Plant perts found to be uninfected on isolation,



Table 8 (continued), Host specificity of Vertieillium isolates.

Plants Ares of Isolstes used for inoculum
inoculated isolation Snef3-H St-9.0 St-l-D T-32.C I-1-0
Black rasp- stem x - - x -
berry roct x x x x x
Eggplant stem x x x x -
root x x x x x
Belsem stem x x x x -
root x x x x x
Tomsto stem x x x x P
root - x x x x
Potato stem - x x x -
root x - & - <
Mint stem - - x x -
root - - - - -
Red rasp- stem - - x - i
berry root - - - x x
Groundsel stem - x - x -
root - x - x x
Dandelion erown - - x o -
root - x - - x
Iambs- stem - x x x -
querters roct - x x x x
Pigweed stem x X x - -
root x x x b %
Marshall erown x - x x
stravberry root - - - -
Siletz erown x x x -
strawberry root - - - -

x Plent perts found to be infected on isolation,
- Plant parts found to be uninfected on iselation,
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A few of the plant species inoculated were susceptible to all of
the isolates, but in generel there was evidence of a smell degree cof
host specificity, Tggplant, tometo, black raspberry and balsam were
readily infected by almost all of the isolates tested. In some cases
the fungus did not invade the stem tissue of these plants during the
course of the experiment, Some of the isolates, for exemple B-5-Mu
end H-4-N, were infective to a wider range of species than others. The
isolate Mn-5~8 was the only one which induced symptoms when inoculated
into mint. This culture of the fungus wes originally obtained from a
mint plant with symptoms, and was infective to fewer plant species than
the symptomless mint isolate, Mn-51-H,

Negative cross-inoculation results sre not very dependable as
there are several factors which may interfere with disease development,
It is possible that in some cases the envirommentsl conditions of the
experiment, or the stage of growth of the inoculated plants, were unfavor-
able for infection, Apperent differences in the pathogenicity or host
range of the isolates mey be & direct result of different rates of sporu-
lation in the liquid culture medium. The growth of some of the cultures
was largely mycelial; others produced a yeest-like growth and one or two
grew meinly in the sclerotial form.

The fourwsed species, groundsel, dandelion, lambsquarters and
pigweed, were infected by most of the isolates, 2s were potato, mint end
Mershell strawberry. Weshington red ragpberry end Siletz strawberry were
infected by a minority of the isoletes. The significance of the results
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in red raspberry is doubtful, however, as the plents were not in 2
vigorous condition ot the time of inoculetion,

Although successful 1solstions were mede from the stems and crowns
of most of the strawberry and potato plants inoculated with Yerticillium
albo-atrum, the fusigus rarely grew from the root tissue,

The isolate from lotus gorniculatus, which closely resembles the
Yertiedllium intertextum described by Isasc (27), was re-isolated from
all of the plants inoculated with the exception of mint and the two
strawberry varieties, The isolate produced hyaline, ropy mycelium in
culture, with typical verticilliste conidiophores. It is apparently
incapable of vascular infection and may be regerded as 2 root rotting or-
ganism,

From the above data it is apperent that eggplant, tomato, balsam
and black radpberry could all be used for bioassay purposes. In
practice black raspberry would be inferior in this capacity because
of the length of time required for germination of the seed.
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METHODS FOR THE DETFRMINATION OF THE PRESENCE AND AMOUNT

OF YERTICILLIUM ALBO:ATRUM IN THE SOIL

During the course of the investigation methods of assaying for the
presence end amount of Verticillium in the soil were compsred., A rapid,
quentitative method would be very desirable for both the grower and the
research worker and would be of special importence to the grower of
certified planting stocks,
Pleting

1. Direct plating., Small emounts of soil which were known to be
heavily infested with Verticillium were sprinkled over the surface of
plates of 2% water ager to which 50 ppm. of streptomyein nitrate had
been added, /fter five days of incubation et room temperature Verti-
¢illium could be detected in about half of the plates by careful
searching with the mieroscope. This method is useful for the deteétion
of Verticillium in the soil but gives only & rough estimate of the amount
of the fungus present., Detection of the fungus in slightly infested
soil might require large numbers of plates. Another drawback of the

method is the difficulty sometimes experienced in distinguishing

Verticillium slbo-gtrum from similar forms such as Verticillium inter-
textum and Qliocladium roseum. A chemicel which would fevor Verticillium
but would inhibit the growth of other rapidly spreading fungi, such as
species of Mucor, Penicillium end Trichoderms, would make the direct
plating method & very practical one. No such materiasls are known at

the present time,
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2, Dilution plating. The dilution of small smounts of soil in
sterile water, followed by mixing with an agar medium end pouring into
petri plates, is a method which may readily be espplied to the estimetion
of the soil fungi which sporulate profusely. The dilutions necessary to
obtain readable plates usually make it impossible to detect Verti-
gillium in any but very heavily infested soils, To meke & guanti-
tative assay of the Verticillium present in a 10 acre field at least a
thousand dilution plates would be necessary,

Soil from 3 check plots end 5 plots which had received a chemical
treatment 2 months previously was diluted with sterile water and plated
out in potato dextrose sgar to which 50 ppm. of streptomycin nitrate
had been added (Table 9),

No colonies of Verticillivm albo-atrum were observed on any of
the dilution plates. When soils from the seme check plots were
tested by the direct plating method, it was possible to detect 2 few
verticilliate conidiophores. In all probability these were of Glio-
gledium as colonies of this fungus eppeared on dilution plates of the
same soil. Susceptible plants grown in this soil under greenhouse

conditions beceme heavily infected with Verticillium elbo-strum sfter
eight weeks of growth,
Suscestitle plents

From the cross-inoculstion date it was evident that Bonny Best
tomato, Black beauty eggplant and belsam could possibly be used in
bicegsay studies. To determine which of these plants was most suitable
for the detection of Verticillium in the soil, & heavily infested
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Table 9, Fungi recovered by the dilution method from soil teken from
plots in which the untreated soil was known to be heavily

infested with Verticillium albo-strum.
Soil dilutions '

Treatment 1/100,000 1/1,000;000  1/10,000,000
Check I 9P, 1R, 3T# 1P, 1R -

AU
Check II 17?, SF, 3A’ 2P’ 1A’ J.F’ -

30 1G, 1R
Check III 13P, 14, 16, 6P, 1R 1p

1F, 6U
Allyl bromide 2P, 1T, 1U - -
Chloropierin 3T, 3U 2U -
Mylone - - -
Vapam 1P - -

% The total number of colonles on three replicated plates of easch dilu-
tion is given with the following abbreviations: A- Aspergillus sp.,

e SRS vtvs 1= PAET RS cpsctats adin SELF Tl 9.
sandy loam wes thoroughly mixed and the plants grown in it from seed,
transplants and cuttings. Seeds were treeted with a2 commereisl pro-
tectant, transplants were made using seedlings in the cotyledon stage,
and cuttings were treated with a rooting hormone before planting, The
plants were maintained for 8 weeks in the greenhouse without aupp;e-
mental lighting and with temperatures of 60-70°F, After the 8-week
period the plants were removed from the soil and isolations were

attempted to determine the Verticillium infection index (Teble 10).



65

Eggplant gave the highest infection index with &1l three propa-
gation methods under the conditions of the experiment., Crowing the
plants directly from seed appeared to be most favorable for infection,
The infection indices for tomsto snd balsam were comperable for the
three methods of propagation, and were gemerally less then half those
obtained with eggplant, It is concluded thet under winter light con-
ditions eggplant is the most effective bioessay plant of the three
specles tested and that growth from seed is the best method of pro-
pagation,
Table 10, A comparison of various methods of bioassay for

albo-atrum in naturally infested soil under winter conditions
using susceptible plants,

Method of propegation

f’lant used Seed Transplant Cutting
Belsam 33#% 18 | 20
Fggplent 80 73 60
Tomato 33 20 20

¥ Infection index- the number of plants from which Verticillium albo-
atrum was isolated, 15 soil samples, 5 plants per sample, caleulated
as a percentage,

To determine the shortest time necessary for the infection of
susceptible plants grown in infested soil, balsam and eggplant were
grown from seed in soil samples taken from the check plots of the field
disinfestation trials, The plants were maintained in the greenhouse
under summer light conditions. Isolations were made from the seedlings
2,4y6 and 8 weeks after sowing (Table 11),



Table 11. Rapidity of infection of seedlings of susceptible plants
by Verticlllium albo-atrum from naturally infested soil
under summer conditions.

Time after Infection of plents

sowing Balsam Eggplant
2 weeks o* 0
4, weeks 17 17
6 weeks 50 64
8 weeks 94 100

% Infection index- the percentege of plants from which
glbo-atyum wes isolated, 9 soil semples, 5 plants per sample.

A period of 8 weeks is necessary for belsam and eggplant to
become almost completely infected by Yerticillium when the plants are
grown from seed in the summer. After 4 weeks of growth a few of the
plants had become infected, after 6 weeks this had risen to over half
of the plents from which isolations were mede., Under summer conditions
there is no significant difference between the rapidity and amount of
infection of balsem and eggplant when grown from seed,

A similer experiment wes conducted to compere the rate of infection
of transplants of balsam and eggplent. Seedlings in the cotyledon stege
were transferred to infested soil which had been maintained in an air-
dried coudition for 5 months, Isolations were mede from the plants
after 5 and 6 weeks of growth in the greenhouse under spring light
conditions (Table 12),
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Table 12, Repidity of infection of treansmlants of susceptible plants by
Yerticillium albo-atrum from naturally infested soil under
soring conditions.

Time after Infection of plants
trensplanting Balsam Eggplant
5 weeks 33* 65
6 weeks 28 60

¥ Infection index- the percentage of plants from which Vertiecillium
albo-atrum was isoleted, 4 soil samples, 10 plants per sample.

The transplants of eggplent gave a higher infection index than
those of balsam under these conditions., This mey be due to the fact
thet soil which had been kept for 5 months in an air-dried condition
would contain only the microsclerotial form of the fungus, end these
would be present at a lower concentration than the conidial and myceliael
forms. Fggplant roots are fibrous and permeate the soil rapidly while
those of balsam grow meinly on the surface and are not extensively
brenched. Roots of eggplant would therefore have a better chence of
coming into contact with the microseclerotia, The slight decrease in the
infection index after six weeks is not significent and it was concluded
that maximm infection had teken place after 5 weeks of growth,



CONTROL STUDIES

Short term crop rotations or fallowing are of little use in
eliminating Verticillium from the soil, In the course of the investi-
gation trials were conducted to determine which chemicels were effective
as soll disinfestants, and the minimum rates of these chemicals which
would give adequate control,

Soil disinfeststion trials in the field

Five chemicals were applied to the soil in three fields in which
infestation with Vertieillium had been demonstrated by biloassay with
susceptible plants end by the fact that a large number of the black
raspberry plants in these fields were infected with the fungus. The
chemicals were applied 2t rates which should completely eliminate the
fungus from the infested soil, The plots were 6 ft, x 15 ft. and at
each farm the five chemical treatments and e check plot were repli-
cated three times,

The soil in the plots was cultivated to a fine tilth to 2 depth
of at least 9 in. prior to the application of the chemicals, The volatile
materiels were injected into the soil with a hand fumigation gun to a
depth of 6 in, at 12 in, staggered intervals, The solid material (Mylone)
wes evenly distributed over the surface of the soil and thoroughly mixed
with it by two successive cultivations. A water seal wes then epplied
by hand or with e gprinkler system, The temperature of the soil wes
approximetely 65°F, at the time of spplication., Scil samples were taken
from the three sets of plots two months after trestment and brought to the
greenhouse for bioassay with seedlings of susceptible plants (Table 13,

Fig, 6)



Figure 6.

The effects of five fungicides on the Verticill

illium infection index of balsam
and eggplent grown in the treated soil., Soil samples taken two months after
treatment. Representative plznts shown after eight weeks growth,
Check, I - 211yl bromide, II - CRP=55, 111

- Mylone, IV - chloropicrin, V - Vapam,
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Table 13. The effects of five fungicides on the Verticillium infection
index of balsam and eggplent grown in the treated soil,

Time after treatment

Treatment Rate (1b/acre) 8 weeks 16 weeks**
Al1lyl bromide 375 o* 0
CBP-55 350 19 16
Chloropicrin 440 0 0
Mylone 400 0 0
Vapam 440 0. 0
Check - 97 34

* Infection index- the percentage of plents from which Vertieillium albo-

gtrum could be isclated after 8 weeks growth, 6 soil samples, 5 balsam
plants and 5 eggplants per semple,
¥# Plants grown in the winter months,
Complete control of the fungus in the soil was obtained with
ellyl bromide (375 1b./acre), chloropicrin (440 1b./acre), Mylone (AOO
1b,/acre) and Vepem (440 1b,/acre). CBP-55 (350 1b,/acre) reduced the
incidence of the fungus but did not eliminate it from the soil, Allyl
bromide, Mylone and Vﬁpam at these rates completely eliminated weeds in
the plots, Chloropicrin was psrtially effective and CBP-55 did not have
any effect on weed growth, * |
The apparent decresse in the infection index of the soil teken
from the plots 16 weeks after treatment mey be attributed to the fact
that the growing conditions were less favorable for the infection of
the assay plants at this time,

* See Appendix B for det2ils of proprietary materiesls,



Greenhouse control trials
From the field triels it was evident that CBP-55 was ineffective.

To determine the minimum rates of the four remeining chemicels which
would control the fungus in the soil, a greenhouse trisl was set up,
meking the conditions as neer ideel as possible.

Soil from a heavily infested field was air-dried for 5 months so
that the miecrosclerotiz would be the only rorﬁ of the fungus present,
The soil was thoroughly mixed and put through a sieve to remove lumps.
The portion of this soil to which the volatile materials were to be
added was placed in 5 gallon containers and watered to near saturation.
Fumigents were introduced into holes in the soil with pipettes, The
holes were then immediately covered and & water seal applied, The
solid material was mixed with the dry soil, placed in #10 cans and
thoroughly watered. The conteiners were opened after 5 days at 70-75°F,
and the chemicals allowed to diffuse out of the soil., Vhen the majority
of the fumes had dissipeted the soil was placed in #10 cans and planted
with eggplant seedlings in the cotyledon stege. The soil to which the
solid material had been added was planted 2t the same time., The plants
were lightly watered and maintained at e temperature of 60-65°F, in the
greenhouse, After 6 weeks of growth the eggplants were removed and
isolations mede (Table 14).

Under these conditions, allyl bromide, Mylone and chloropierin st
a rate of 200 1b,/acre eliminated the fungus from the soil, while Vapem
was effective at 100 1b,/acre. Plents growing in the 500 end 750 1b./acre



treatmente of 2llyl bromide, Mylone and Vapem, and the 750 1b,/acre
treatment of chloropicrin, showed varying degrees of phytotoxieity.
Allyl bromide snd chloropierin st the 100 1b,/acre rate, and Mylone at
the 200 1b,/acre rate were effective in completely inhibiting weed
growth, Although it would be very difficult to obtain such ideal
Table 14. The effects of four fungicides, applied to the soil at six

rates, on the Yerticillium slbo-gtrum infection index of
eggplants grown in the treated soil,

Chemical applied

Rate (1b,/acre) Allyl bromide Chloropicrin Mylone Vapam
50 17% 11 30 10
100 4 2 2 0
200 0 0 0 0
400 0 0 0 0
500 0 0 0 0
750 0 0 0 0
Check 57 46

* Infection index~ the percentage of plants from which Verticillium slbo-
atrum was isolated after 6 weeks growth, 4 replicates per treatment, 10
plants per replicate,

conditions for treatment in the field, it should be possible to use

lower rates than those applied in the field trials. Soil temperatures

of the range used in the greenhouse would occur only in the summer in

Oregon, so it is unlikely that treatments with lower rates of material

would be effective if applied in the spring prior to planting.
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RESISTANCE STUDIES

The development of small fruit verieties resistant or tolerant to

attack by Yerticillium albo-atrum will very probably provide the
ultimete solution to the control problem,

Elack raspberries

Five-hundred black raspberry seedlings of the Munger variety were
inoculated three times at intervals of asbout a yeer with Verticillium
isolates which had been obtained from infected black raspberry plants,
One hundred and eight of the plants survived the three inoculations end
9 of these were found to be infected on isolation, The remaining
plants could possibly be used for propsgation stock s they appeared to
be resistant to the diseese. The plants were growing under greenhouse
conditions during the course of the experiment, with temperatures of
60-70°F,, and this has been shown to bring sbout a decline in the incidence
of the disesse during the winter months, Also the plants were somewhat
pot-bound and were not in a vigorous state of growth at the time of the
third inoculetion. Further inoculations will be necessary before the
plants can be regarded as resistant to Verticillium wilt,
Strawberries

Plants of several strawberry varieties were examined for the pre-
sence of Yerticillium albo-atrum by isol=stion, The plants were growing
in randomised plots in soil which was known to be infested with the fun-
gus, In most cases there were 14 plots of each variety and 12 plants per
plot., Five plants in each plot were sampled by plating two of the
outer petioles (Table 15).
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Teble 15, The susceptibility of several strawberry varieties to in-

fection by Verticillium albo-strum.

Strawberry variety Plants infected
Marshall 28/70%
Silets 4/70
Northwest 4/70
Donner 3/10
Lassen 15/45
Shasta 18/70
Sierra 1/50
2127 21/70
2235 24/70

*Numerator- the number of plants from which Verticillium albo-atrum wes
;::i?ted: denominator- the number of plants from which isolations were

The strawberry verieties Marshall, Lassen, Donner, Shasta, 2127
and 2235 were more or less susceptible to the disesse, although the
Marshall plants were not declining as seriously as were plants of the
other five varieties.

The verieties Siletz, Northwest and Sierra were lightly infected
with the disease snd might be regarded as fairly resistant under the
conditions of the experiment. From the preceding dsta on Siletz plants
grown in a heavily infested soil (Table 2), it is evident that the
resistance of this variety is not mainteined under conditions of high
inoculum potential, although the plants still showed good diseasse

tolerance,
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DISCUSSION AND CONCLUSIONS

The fact thet Verticillium wilt is an importent disease of black
raspberries and strawberries in Oregon is undoubtedly due to the ex-
tensive cultivation of highly susceptible crops in the affected areas
in the first three decades of the century, Potatoes, hops and egg-
plants may build up the inoculum potentisl of originally lightly in-
fested soil in a very short time, especially if the plant remains are
not removed from the field, The long life of the microsclerotial
resting stage of Verticillium, in conjunction with the presence of
susceptible weeds and the planting of crops mildly susceptible to the
disease, has spparently been sufficient to meintain the infectivity of
many of the fields in which sﬁnll fruits are now grown,
| Since other diseases may produce symptoms similar to those gener-
ally attributed to infection by Jerticillium albo-strum, reliable
diagnosis of diseesed plants in the field is not possible, Certain
syndromes, such s bluestem, splitting of the stem, yellowing and wilting
of the primocene leaves, in connection with other deta such as erop
hiitory, make reagonably accurate predictions possible in some cases.
In the winter end esrly spring months the fungus is not generally pre-
sent in the tissues of Marshall strewberry and Munger black raspberry
plants growing in heavily infested soil. This makes diagnosis by iso-
lation unreliable et this time of the year and indicates thet the spread
of the fungus through infected propagation stock is not an important
factor in these crops. Strawberry runners teken from severely affected



plantings have been observed to produce apparently healthy plants when
grown in uninfested ground (32). Prune and cherry trees slso have been
reported to recover from infection by the following season (51,61).

The reason for the decline of the disease in the winter is not clear.

The symptoms of splitting of the stem, found occasionally in black
raspberries growing in ground heavily infested with Verticillium, has
not been described previously. The epidermal and cortical regions of
the lower stem sre split vertically, 2 condition reported by Van der
Meer ‘61) on maple, red end black currant and gooseberry, The diseased
stems beceme edemstous, followed by splitting and exudsation of fluid,
On microscopic examination mycelium was observed in the xylem vessels
on the side where the splitting occufrod.

In the host-specificity studies the majority of the isolates tested
were infective to the plent species inoculated. Mint, when inoculated,
developed symptoms of Verticillium wilt with only ome of the isolates.
This isolate had originally been obtsined from mint end was infective
to 5 of the 14 other plant species., /‘nother mint isclate, although
infective to mint plants, did not cause symptom development, but was
able to infect & out of 14 of the other plant species. Thus specialized
strains of Verticillium albo-gtrum exist, an observation which is in
agreement with the findings of Hormer (24). Nelson (44) concluded
that isolates which did not ceuse symptoms to develop in mint were not
infective, but this was found not to be the cese, No evidence of
specialization wes encountered in the isolates from strawberries and

red and black raspberries.
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Estimetion of the fungus in the soil presents several difficulties,
The use of plating methods for quantitative determinations requires the
development of & selective medium, These methods heve some epplication
to the qualitative detection of the fungus in the soil et the present
time, Biosssay by growing susceptible plants in the soil is a method
vhich hes been in use for several yeers (65). This technique hes the
disadvantage of requiring a longer time and more space than plating.
Ronny Best tomato has been used as 2 test plant but was found to be
very unreliable under winter growing conditions in the greenhouse. From
the host specificity trials eggplant end balsem were found to be suit-
able on the basis of susceptibility to all of the isolates tdsted. In
a comperative bioassay experiment, eggplents became infected with Yerti-
eilljum from naturelly infested soil more rapidly and completely than
Bonny Best tometoes or balsem plants under winter conditions, It seems
that the susceptibility of eggplant is not affected by the unfavorable
growing conditiéns, and there does not appear to be such a long period
of resistance in the seedling stage of eggplant as with Bonny Pest tomato.

Short term erop rotations have been recommended ss & means of
eliminating the fungus from the soil (39, 81), In the present study
the observations on the crop histories of black raspberry plantings
affected with Yerticillium indicated that rotations with non-susceptible
erops did not control the disease, which is in agreement with the con-
clusions of several other workers (19, 45, 65).

Chloropicrin at a rate of 500 1b, per acre has been reported to

eliminate Verticillium from the soil (73). In the course of this



investigation chloropicrin, Mylone, 211yl bromide and Vapam were all
found to be effective at rates of about 400 1b, per acre. The cost of
applying the chemicels at this rate would be prohibitive to most
growers, Greenhouse trials using the same materials under controlled
conditions showed that complete control could be obtained with lower
dosages, The chemicals were applied to moist, sieved soil which was
maintained for several days et a relatively high temperature., These
conditions ere almost impossible to obtain in Oregon fields in the
early spring months., To have even moderately good soil conditions it
is necessary for the grower to postpone the date of planting by several
weeks., In small fruit plentings the chemicals should be applied in the
late summer when soil conditions are best for chemical disinfestation,
The diseased plants would have to be removed immediately after harvest
and the soil treated while conditions for the application of volatile
materials were still favorable, Efficiency of the more volatile fumi-
gants such as chloropicrin might be 1mpr6vud by covering the treated
ground with tarpaulins after applying the weter seal,

From isolation data and field observations it is apparent that the
severity of infection of 2 crop is related to the amount of Verticillium
in the soil, This is also in agreement with the conclusions of Keyworth,
who found that severity of infection is related to the inoculum poten-
tiel in the roots of hop plents, whieh would be proportional to the
amount of fungus in the surrounding soil (31). Apperently healthy
black raspbefry plants were found to be infected with the fungus in



several cases where the soil weas lightly infested. In moderately
infested soils mild symptoms were ususlly epperent, btut growth wes not
greatly impaired, In heavily infested soil the plants usually showed
charscteristic symptoms end poor growth, These observetions indicate
that it mey be possible to reduce, but not necessarily eliminate, the
fungus from the soil and still obtein e satisfactory commerciesl control,
This would require smeller smounts of chemicals then ere necessary for
complete control. Totel elimination of the fungus from the soil, although
desirable, is not economical with the materiels available st the present
time, and does not appesr to be essentisl, Soil disinfestation by the
epplication of chemicsls would be more veluable if cerried out in con-
junction with deep plowing, ¢s the fungus commonly occurs to & depth of
2-3 feet (65).

Soil disinfestation is not & permanent conﬁrol measure and the
development of resistant verieties in the future is to be hoped for.
Resistant strawberry verieties are known but are poorly adapted to
%?oving conditions in the Northwest., If e suitable variety could be
produced, seversl years would be required for it to displace the well-
established Marshaell veriety on the market unless the fruit cﬁéracter-
istics were similer,

Incorporation of the resistance of some clones of the wild
Pacific Coest trailing blackberry into black raspberry will probsbly prove
to be the most profitable spproesch in developing a variety resistant to

Verticillium wilt, although this mey be a difficult task if the cheracter
of the fruit is to be meintained.



SUMMARY

1, Verticillium wilt was found to bé an important disesse of
black raspberry and strawberries in Oregon., FRed raspberries and the
other commonly grown trailing berries wsre not severely affected by
the disease.

2. llthough certsin symptoms are ususlly associated with the
presence of the disease, it was not possible to meke & relisble diag-
nosis in the field, Root rots, water soaking 2nd insect demage pro-
duced symptome similer to those usually ettributed te Vertieillium
infection,

3. A crop history of potatoes, black raspberries or hops may
build up the inoculum potential of the fungus in the soil, Other sus-
ceptible crops and weeds appesred to be responsible for the mainte-
nance and the possible introduction of the fungus. Short term rotations
with a nonesusceptible erop did not eliminate the fungus from the soil,

4o Studies on the incidence of infection in propagation stock
indicated that spread of the disease through this means may not be a
serious threat in Marshall strawberries and Munger black raspberries.
The fungus could not be isolated from plents in heavily infested soils
at the time of propagation,

5« The inoculation of a range of susceptible plents with isolates
of Verticillium from different sources demonstrated a low degree of
host speeificity of the fungus.

reliably and rspidly by growing trensplants of eggplant in soil samples
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in the greenhouse. Isolatiomns could be made after five weeks of
growth under conditions of a2t least 12 hours of daylight and A0°F,

7. Vapam, Mylone, chloropicrin and 2llyl bromide at rates of about
400 1b, per ascre were found te control the fungus in the soil in field
trials, Greenhouse tests indicated thet lower rates might be effective
in the field if conditions at the time of applicetion were sufficiently
favoravle for the fungicidal action of these chemicals.
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APPENDIX A 88

Key to index numbers of isolates used in eross-inoculation studies.

B-3-0% Black raspberry Corvallis Non-sclerotial*

B-5=Mu Black raspberry Multnomah Co.

B=buW Black raspberry Washington Co.

B-7-W Black raspberry Washington Co.

Hel=C® Hop British Columbia

Helyw L Hop Polk Co.

Mn~5-5% Mint Marion Co, Symptoms in mint

Mn-51-H#* Mint Merion Co. No symptoms in mint

Mn=51 1% Mint Marion Co.

Po-5=8¥# Potate Klamath Co.

Po=b=C# Potato Deschutes Co.

Po-Q~HiZ Potato Klamsth Co.

St=9-0% Stravberry Marion Co. Non-gelerotial

St-l-D Strawberry Yamhill Co.

¥Mp-11-0 Maple Corvallis Non-sclerotial

Py-40-H* Peony Multnomah Co.

Sne43-H#% Snowberry Marion Co.

Myl 5-H* Mallow Marion Co. Non-selerotial

R-50-F* Red respberry Corvallis Non-sclerotial

T-32-C Tomato Central Oregon

L-l-G¥is Lotus corn- Douglas Co. Verticillium inter-
Iculatus textun Isazc,

g Supplied by C.E. Horner, Oregon State College.

%%  Supplied by W.J. Tolmsoff, Oregon State College.

*%% Supplied by C.M, Leach, Oregon State College.

x Sclerotia not formed when isolate grown on potato dextrose agar,



Technical nemes, activities and sources of proprietary msterials
referred to in the text and tables

Trade name Technical name

of chemical of chemical Aotivity Source

Allyl bromide 3-bromo-l-propene 100% The Dow Chemical Co.

CRP-55 chlorobromopropene 55% Shell Chemicel Corp.

Chloropicrin trichloronitromethane 100% larvicide Products Inec.

Mylone-85W 3,5~dimethyltetrahydro- 85% Carbide end Carbon
1,3,5,2-thiadiazine~-2-thione Chemicals Co.

Vapam-43 sodium N-methyl dithiocarbemate %4 1b./gallon  gtayfer Chemicel Co.

g XIONdddV



