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CHAPTER I
INTRODUCTION

In the past ten years acreage of bramble fruits throughout Michigan,
especially in the southwestern section of the state, has steadily increased.
A corresponding increase in bramdle plant losses, in part due to a vascular
wilt, has also been noted. Isolations indicated that this vascular wilt
disease was frequently associated with the fungus Verticillium albo—atrum
Rxe. and Bert. (13).

The writer in his investigetions has found two factors meinly
responsible for these losses., The first.factor is the high degree of
susceptibllity of the commercial raspberry varieties now being grown in
Michigan. The other factor is that on 211 of the farms vislited in tais
investigation there was a history of crop rotations using potatoes,
tomatoes, or egyplants at some time prior to the planting of raspberries.

These crops are well noted for increasing the Vertieillium content of

lesser contaminated soils.

It appeared desirable to examine existing literature on Verticillium
wilt and conduct as many experiments as possible that would lead to veri-
fication or refutation of existing theories about the wilting mechanism,
infection, and classification of the causal organism. From tais extensive
study 1t was hoped that an accurate description of the symptoms of Verti-
cillium wilt of red and black raspberries could be interpreted for growers,
county agents, and state inspectors. Finally, additional information on

possible measures {or the control of this disease was desired.



CHAPT:IR II
REVIEZW OF LITERATURE

The earliest recorded plant svecies associated with a wilt
disease caused by Verticillium is the potato (Solanum tuberosum). In
1879, two German investigators, Reinke and Berthold (43), isolated a
fungus from & potato plant affected with a disease called "Krauselkrankheit",
On the basis of Hoffman's (26) findings, they naned the causal organism
Verticillium 2lbo-atrum.

It wes not until 1904 that a case of hadromycosis "(form of disease

in which the parasite is confined almost exclusively to the xrlem hadrome)®

was reported in ginseng (Panex guinquefolium) by Van Hook (55). However,

Van Hook reported the causal organism as Acrostalasmus albus which is

actually synonymous with the older genus Verticillium (3S). In the seme
year Verticillium was first recorded in lorth America. Lawrence (31), in
the Puget Sound area of western Weshington, described this fungus as the
causal organism of "black raspberry (Rubus occidentalis) bluestem". However,
he gave the name Acrostalasmus caulophagus to the causal organism., This
is the earliest record of Verticillium attacking any species of the genus
Rubus., Lawrence briefly described the symptoms of the disease on the
Cunmberland variety and directed most of his attention to the study of the
causal organism,

In 1318, Carpenter (9) referred the bluestem organism to the genus
Verticillium with the implication that it is identical with, or at least
closely related to, Yerticillium glbo-agtrum. In 1523, Hockey (24) isolated

the organism from red raspberry in the Niagara district of Ontario, Canada.
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In his report he supported Carpenter's views, saying, "The or-anism differs

very little from and probably is identical with Verticillium z2lbo-atrum

Reinke and Berthold." In the same year the disease was reported in California
(3 and 27), although it hzd been observed at an earlier date.

In 1924, Verticillium was reported on red raspberry (ERubus idaéus)

in England bty Harris (23). EHe called the disease "blue stripe® for it was
a better term than "bluestem" (31) due to the fact that most commercial
varieties of the red raspberry have a general bluish coloration normally
on tne new canes near the end of the growing secason. This maturing color-
etion is also present on the new canes of btlack raspberries. The term
"blue stripe® has not been adopted by plant vathologists in North Averica.
They reject the term because black raspberries can be infected with a
virus that causes a disease,"eestern bluestem" (58), that shows occasional
symptoms of pencil-like blue streaks on the new canes., The disease caused
by Verticillium hes therefore been called "western bluestem" to differ-
entlate between the two. |

The term, "bluestem", is sometines confusing to plant pathologists
because they are not always sure which disease is referred to. Because the
organism Verticillium causes deep blue stripe or band symptoms on the canes
and because one of the striking characteristics of tlis disease is a yellow-
ing and wilting of the leaves, tre general term "blue stripe wilt® disease
seens Justified. An incorporation of 211 the terms or pvart is offered.
These terms leave much to be desired since raspberry plants may also wilt

from many causes, either physiologicel, fungus, or of imsect origin. The
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presence of discoloration on the canes is not an infallible proof of the
absence of tlie disezse, throughout tie remeinder of this thesis referred
to as "wilt" for brevity.

In 1926, Berkely and Jackson (3) reported a new species of the

organism, which they called Verticillium ovatum, parasitic on five North

Anerican red raspverry varieties (Rubus strigosvs) growing in New York and
)¢ J ng

the Niagare~Ontario district of Canada.

In 1931, Rudolph (46) published a monogrzph on Verticillium zlbo=

atrume His studies on Rubus included methods of inoculation and the host
range of Verticillium isolated from raspberry.

In 1936, Zeller (65) presented data of eight years research on
Verticillium wilt of cane fruits including symptoms, varietal resistance,
field sovread, and crop rotation studies.

Recent investigations on the Verticillium wilt oroblem in Rubtus

have been carried on by Wilkhelm (60, 61, and 62). Fis studies included

the vertical distribution of Verticillium in soils, varietel resistence

studies on both raspberries and blackberries, and types of crops in rela-

tion to the infestetion of land with the wilt Verticillium.



CHAPTER III

THE CAUSAL ORGANISH

The genus Verticillium wos created by Nees von Esenbeck (38) in

1816. In the year 1838, Corda (11) described the genus Acrostalsgmus to

accommodate an organism Acrostclognus cinneberinus. It was described as

an organism that differed from Verticillium by forming its conidia in
Leads at the tips of the conidiophores. Hoffman (2¢), in 1854, advanced
evidence that there was no actuai difference existirng in the manner in
wiich the conidia are united in heads.

Hoffman noted trat the conidié are held togetner by a slime
wiich absorbs water in a moist atmosovnere, forming a globule of water at
trhe tip of each sterigma. Within this globule of water the conidia appeer
to float about. If the humidity of tnae environment is in excess of the
maximum for the molsture drops to retaln there globular form they will
soon collapse, leaving in most cases one conidium on the sterigma tip, as

described for the genus Verticillium. Tris finding indicates that there

is no basis for a distinction between the genera Verticillium and

Acrostalagsmus.

Yerticillium glbo-atrum Rke. and Bert. has been classified by

Engler and Prantl (16) in the section Eu=Verticillium of the genus Verti-

¢illium of the llugcedirnaceape = Eyeslosporae = Verticliiliese. Tre conidiophores

are verticillately brancked; conidia ere formed at tne tips of all branches
and fall off readily. Tne distinction between the three sections of the

cenus Eu-Verticillium Sacc., Oncog¢ladium Wallr., and Gliocephalum Sacc.,

has not been sharply drawn. In the latter section the conidia are held
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together by a hygroscopic slime, while in the former two sections they are
not., Therefore, in following Engler and Prantl's classification, if the
characters are to be determined in their natural environment then Verti-
cillium zlbo~-gtrum would be placed in the section Glioceplalum Sacc..

If, however, they are examined in water mounts, rarely more than one
conidium would be found on each sterigma tip, and the fungus would there-

fore be erroneously placed with the section Eu~Verticillium,

Carpenter (9), Klebahn (29), and Van der Meer (56) support the view
that Saccardo in 1886 (47) hzd set aside the section of the genuvs Verti-

¢illium - Gliocephelum for forms where the conidia are held togetiier in

reads.

In this investigztion on the morpnology of the causal organism both
tyoes of conidia formations on the sterigma tips were noted., Also some of
tiie originel isolates made from raspberry begen to form resting structures.
Possibly similar structures were noted by Reinke and Berthold in their
original study of Verticillium, They noted that a blackening of certain
cultures was due to blackened, septate, somewhat swollen hyphae which they
named "Dauermycelium". From these observations it seemed advisable to con-
cur in the nane of Yerticillium albo-atrum Rke. and Bert..

In 1913, Klebahn (29) isolated a Verticillium from diseased dahlias
and found it to be diiferent from the snecies of Verticillium isolated by
Reinke and Berthold. The isolate of Klebahn's produced microsclerotia
wnile that of Reinke and Berthold formed resting mycelium. It was naced

by the finder Verticillium dahlize Klebahn. Since the classification of
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this possibiy new species there has been a controversial taxonomic treat-
ment of the two vascular Verticillia.

Carpenter (9), Budolph (46) in their publications have stated that
the original description by Reinke and Berthold was meant to include both
types of resting structures. This is substantiated by the fact that Reinke
and Berthold 1llustrated microsclerotiun-like forms in their original plates.
Rudolph (46) and Nelson (39) consider the presence or absence of microscler—
otia an unrel?able character and relate that the two forms should be classi-
fied as Verticillium glbo-atrum with the addition of a varietal specificity
if indicated. The evidence of existing strains of Verticillium differing
in their pathogenicity has been reported by Ielson on pepperuint and by
Snyder et al. (51) on different varieties of vegetable crops.

Ven der Meer (56), Berkeley, Mzdden, and Willison (4), and Ludbrook
(33) support the views of Klebshn and clessify the microsclerotial pro-
ducing forms as Verticillium dashlize Kleb..

Berkeley et al. (4) mede a cultural and taxonomic study of the
many strains of Verticillia and from these studies divided them into two
groups: (1) Verticillium zlbo-atrum group which produces the resting
mycelium form, but loses the power of producing this resting stace under
continued culturing on artificial media; (2) Yerticillium dahlize group
wiich produces the microsclerotial type of resting structure even under
conditions of continued culturing on artificial media. However, the
writer's observations concur with Nelson's (39) thet either one or both

types may be present in the same culture.



%

Such fungl as Verticillia are cormosed of complex mixtures of
establisred biotypes and repeated isolations from tris complex will
result simply in separating from the mass eltrer bingle biotives or new
conbinations of them. Presley (L4l) reported seltants from monosporic
cultures of Yerticillium glbo-ztrum. 3By repeated transfers from a mono-
conidial culture tiie writer has beer able to isolate siuilarly four mrin
biotypes of ike Verticillium fungus, winich are:

1. licrosclerotial dominent, slizht mycelium
2o Fluffy serial myceliu.

3. Appressed mycelium

L, Microsclerotial, abundant aerial mycelium

Further transferring from biotype-d4 soon seciors this isolate into
any one of the other trrec blot;pes. Tnie biot;pes-1l, 2, and 3 haveAre~
aained constant in transferring over a ten month period. Taroughout this
study these tihree constant blotyoes will be referred to as S1, S2, and
S3. (Fizure 1).

Prolonced cultivation in the laboratory induces in many species of
the fungl imperfectl an a2brupt ciange in tyve of ¢rowth. This has been

revorted by meny investigators on the genus Verticillium (21, 40, 41, and

46)., Hensen and Suith (21) suggested that the basic unit of the individual
is the nucleus and not the cell. Therefore, a multinucleate conidia as has
been noted in Verticillium (21) is not an individual but a colony, ard it
will not give rise to a genetically pﬁre culture unless all of its nuclel

are genetically identical. From this it may be hypothesized that the



FIGUE 1

Biotypes 51, S2, and S3 of Verticillium albo—sztrum
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variable forms of Verticillium mey owe their instability not to mutation
but to nuclear heterogeneity (heterocaryosis).

It is widely known that the classification of Verticillia cannot be
established on the basis of gross cultural characteristics on standard
media. Since gross morphological characteristics cannot be used as a means
of separation among Verticillium isolates from different svecies of plants,
another means of classification must be found. re host-pathogen relation-
ship can be used to distinguish between snecies as is found in the classi-
fication of the vasculer Fusaria grouw (51). This would be of more value
in the ease of identification of this patihogenic fungus sinece no pro-
nounced cultural or physiological differences heve been reported by other

investigators or noted in this study. ne Verticillium pathogen isolated

from raspberry in this study hes 2 limited host range confinéd to the genus
Rubus and a few species of the Solanacious family,.

Another factor that could be used to further classify this fungus
pathogen is the host - teiperature relationship. Bennett (2) and Zeller
(65) have reported that generally the most severe ocutbreaks of the wilt
disease on raspberries occur in cool wet seasons and are correlated with
the minimum temperatares and tbe nunber of days of below freezing tempera-
tures occurring in any varticular winter. Thails is et variance with the
results obtained in this study for both laboratory and field data indicate
that the most severe symtoums of Verticillium wilt on raspberry, induced
by inoculations with the writer's Verticillium isolate, occurred during

periods of high uwean daily temveratures. Therefore, it is possible that
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the i1solate used in this study differs in teimerature requirements fron
those used by Bennett and Zeller and taus temwerature differences umay
possibly be used in the classification in the Verticillia.

Since the morphological observations in this study concur with those
of Peinke and Berthold 2nd the isolates were not specific to certain plant
species as renorted in Verticillium dahlize Kieb., it seems advisable to

naine the causal organism in this study Verticillium glbo-ztrum Bke, and

Bert. (43),
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CHAPTER IV
SYIPTO}S OF THE TISEASE

In Black Respberries: Tae following syuptoms are described fron the

Cunberland variety but the symptoris on the other varieties of black
resgherry were generally similar.
1. General Symptoms

The earliest signs of this disezse on the blaclkz raspberry
variety Cumberland are noticed on the current year's growth in late
June or early July., The first symptoms seen are a dull ereen cast
of the lower leaves when coipared with the bright normal green color
found on leaves of healthy shoots.

The entire stool may be affected, but more often the disezse is
confined to a few of the young shoots. Then too, this disease works
rather slowly and usually from one to three years are required to kill
a plant, The disease prosresses upward coutrary to the observations
of Czarnecki (13) and Lawrence (31) who reported that defoliation took
place from the top of the plant downward. The symptoms of the disease
ere yellowing of the first leaves and stunting of growth caused by the
shortening of the internodes, and finally the entire cane becomes
wilted and the affected shoots usually develop a dark blue color,
entirely or limited to strioes.

In the advanced stages of wilt the vascular tissue is discolored
and has a water-soaked appearance. Trere is a definite line of demar-
cation between the vascular tissue and vith, the forner is brownish in

color and the latter usually a2 white normz2l color. In severe cases

the vith may be slightly brownish in color.
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2. Leaf Symptoms

Tre amount of leaves which will show s;mptoms will depend
entirely upon the amount of root infection. If the entire root
systen 1is infected the whole plant shows visible wilt syuptons,
(Figure 2). However, if only part of tie root system is infected
only that side of the plant above the crown in line with the infected
roots will show visible signs of infection in the leaves. Generally,
the lower leaves are the first to show signs of the disezse. The
uppersurface of the leaves develones an "off-green" or yellowish
bronze czst which may be manifested by yellow and green, or brown
and green strines, Tuis striped effect is separated by the prominent
lateral veins of the leaflets and is .enerally confined to one-half of
the leaflet, A whoie leaf consists of a teruinal leaflet and one to
two pairs of lateral leaflets.

The pattern on the black raspuerry leaf extends from the midrib
of the leaflet to its margin in a diagonal fashion following the
lateral veins. Tze striping may be confined to one=half of the leaf-
let; but it may and does affect other leaflets of the com:ound leaf.
Coinciding with the striped pattern symptom, the leaflets occasionally
tend to curl uoward (noted in both black and red raspberry varieties)
thus exposing the silvery underside of the leaflet, (Figure 3).

A compound leaf may have one-half of the terminal leaflet and
the lateral leaflet on the corresponding side affected with this

strijed pattern while the other half appears normel. There are many



FIGURE 2

Wilt symotoms in Cumterland raspberry resultinz from

severe root infection follcwingz inoculation with

Verticilliam zlbo-strum, biotyme Sl.






FIGUEE 3

Upwerd curling of leaf margine in Indian Sunmer red

rzspberry following inoculation with Verticillium

2lbo—-s b, biotyoe S2.
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possible combinations of the striped pattern effect. Tzis observa=-
tion corroborates ti:e hypothesis of otrers that the effects of
Verticillium disease are concerned witn the vascular system.

Following the beginning "off-green®color there is generally
a marginal chlorosis, the leaflets turning from a yellow-green to a
cnocolate brown. This type of tissue discolorstion may be erratically
distributed taroughout a single leaflet or envelope the entire compound
leaf., The progressive pattern of necrotic areas is generally sinilar
in all cases, begitning with a marginsl and tip chlorosis of the leaf-
lets soon followed by complete necrosis of the affected leaflet. It
was also noted that when marginel necrosis occurred the entire leaf
had a terndency to curl downward and resist pressing into a flat
nornal plane of position. ILelson (39) in his studies of Verticillium
on mint reported similar curling of the leaves,

Leaflets additionelly infected with one of the leaf spot fungi
(Septoria rubi) or (Gleosporium vercte) tend to wither and die with more
rapidity than noninfected leaflets. The lesions tend to act as focal
points for the soread of the necrosis.

Tre petioles may or may not show the blue discoloration char—
acteristic of an aefrected cane., However, a pirching of the base of
the petioles prior to actual leaf symptoms hes been observed frequently.
3. Primo Cane (current year's growth) Symptoms

A discoloration of the primo cane will occur generelly at the

same time or earlier than the leaf symptoms. This camesymptom may
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begin at tie groundline if only one or more laterals of the secondary
roots are infected. The syuptom may begln severzl inches above the
groundline if the infection is confined to the small secondary roots
wnich ere produced directly from the ma2in crown of the plznt. If
this latter type of infection takes vlace the entire crown may be
destroyed in one growlng season., If the causal organism does not
attack the secondary lateral roots the crown is not totally destroyed
and will produce small shoots from the adventitious buds., These small
shoots will generally become infected before the growing season is
over and they may defoliate from the base up or die back from tne
tip.

The intensely blue to purple discoloration extends in varying
heights at variable rates in the black raspberry primo canes., These
rates which vary from zeroto nine inches per dey, according to
Lawrence (31), depend upon the environmental factors of temperature
end moisture. A high mean terperature and low soil moisture content
generally are conducive to higher daily spread of cane discoloration.
The rate of climd is much slower in the fruiting wood than in the
primo canes and this may be correlated with the lower transpiration
rate in the former. The discoloration generally forms a longitudinal
stripe that touches every node along that side of the cane contizuous
with infected roots. Occasionally the blue stripe symptom advances
into the petloles in varying degrees. The discolored stripe gradually

narrows end terminstes to a point.
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Tze bluish discolorztion noted on tke primo canes is not due to
a plguent produced by the fungus or the host but is the result of the
brownish-blue discoloration of the diseazsed bark as seen tiurouch the
wvaxy bloom covering the carne, Whien the bloom is rubbed off, the purple
color diszpncars (31, U6, and writer's observations).

The bouncary between the noruzl and discolored portions, wiile
retuer irreguler, is quite distinct. Discoloration in the cane nay
extend all around tie cane., When two inches of a2 cene becores encircled,
the entire cane above tne encirclement will wilt end die,

In the fall it is necessary to distinguish between the tlue stripe
symptom and the maturing color of the cane. As previously noted, blue
discoloration appears on the cane near the groundline and is contin-
uwous in its pattern upwerds, whereas cnange of color due to maturity
often tekes place irregularly in patches. This also holds true for
red raspberry verieties.

Generally, the infected growta of the current season often
appears healthy if the season has been moderate. However, the follow-
ing spring one finds most of these canes dead at the tips and for very-
ing lengths down the cane and to the base. New growth is usually noted
at the base of these dead canes and the shoots appear healthy, thoush
dwarfed or stunted.

4, Fruiting Cane Symptons
Tne effects of the disease are finally climexed in the fruiting

canes. In the spring, the diseased canes are conspicuous. Some canes
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are dead, others have shrivelled and poorly develoned buds. On sone
canes the dead buds lie in a lonsitudinal line. On sectioning such a
cane, a strip of dead wood was found beneath the dead line of buds
while the opposite side of the cane was green. The buds on the green
slde develop normally at first but later there is a stunting in both
lateral shoot growth and leaves.

The wilting symptoms vary in their time of azppearance on the
fruiting cane. In some excerimental plots the symptons did not apvear
until the fruit was almost mature. On these canes the leaves become
prematurely discolored and die followed by a drying up of the fruit
and death of the cane. In other cases as soon as the first leaves
had unfolded they became yellow and withered up with no production
of flower buds.

Wilhelm (60) observed that brambles are most seriously affected
in the first and second fruiting years. If the frulting canes are
not dead before maturity they will usually yield small tasteless fruit.
In some cases, the berries, when partially develoned in size, becone
perfectly dry except for the placentae which contains consliderable
moisture but is woody in texture.

In Red Respberries: The following symptoms are described from the

Latham variety but the symptoms on tie otiier varieties of red resp-
berry were generally similar and in some cases were more severe

(St. Regis and Indizn Summer varieties).
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1. General Symptoms

T:e red raspberry varieties have many symptoms of Verticillium

wilt that are identical with those symptoms found on the black rasp-
berry varieties., The initial symptom is generally noticed on the
curreat year's growth in the later part of July or early August. The
lower leaves begin to change from a rich green to a2 light green color
with e yellowish margin. Within a period of fourteen days tie leaves
begin to fell off. A distinguishing characteristic is that the termi-
nel tuft of leaves are invariably the last to be affected. These
terminal leaves often survive the rest of the leaves for a consider-
able period of tiue.

The primo cane discoloration found quite prominent in black
raspberries is often absent on red rasvberry varieties, or if present
it is hard to distinguish from the normal bronze to reddish coloration.
Tre fruiting wood generally has e deep brova to blue normal mature color
that would mask any striping effect resulting from a Verticillium in-
fection. In the red raspberry varieties a moderate infection of
Yerticillium may be present for years without depriving the plantation
of its commercial value., This is not the case in the black rasoberry
verieties.

2. Leaf Symptoms

The striped pattern effect as noted on black raspberry lezaves

is more noticeable on red raspberry leaves beczause of the more vromni-

nent interveinal areas. Tais pattern has been well described previously.
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It may be necessary occasionally to distinguish the defoliation
of the Verticillium wilt disease from Spur Blight caused by Did;mella
applanata. In both cases the dead leaflets fall leazving the petioles
attached. The petliole may be persistent for three more weeks.

In the case of the Spur Blight disease a2 chocolate brown to
darkened blue discoloration developes around the base of the petioles
on the new canes, Pycnidia of the Spur Blight fungus can be observed
with the 2id of a hand lens in these discolored areas. In the case

of Verticlllium the discoloration generelly appears 1n stripes and no

fructifications of the funsus can be observed.

The symptom of the entire compound leaf curling downward as in
the raspberry virus leaf curl (2) was noted occasionally on black
raspberries. However, with all the red raspverry varieties tested
there was a pronounced downward curling of the terminal leaflet prior
to actual color change in the leaflets. Thais dovaward teraninal leaflet
curling was also observed in the laboratory on tip cuttings of red
raspberries placed in a filtrate of the toxin produced by the Verti-
cillium fungus,

3. Root Symptoms

In the red raspterry varieties as in the balck raspberry the
infected vessels of the xylem are usually discolored. 1In severe cases
most of the woody tissue in tiie roots have a pronounced brownish-red
- to black discoloration. The black rasnberries do not renroduce by

rhizones, consequently a diseased plant is more likely to die faster
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tran those plants of tre red raspberry varieties. In these observa-
tions the rhizomes frequently were free of the causal organism., How-
ever, as tne disease spreads in the roots these disease-free rhizomes
eventuzlly were attacked. It was also observed in confirmation of
reports by Harris (23) and Rudolph (46) that red raspberry varieties

infected with Verticillium do not sucizer as plentifully as those free

from this organism.

Three red raspberry plants of tie Indian Suuner variety showing
visual wilt symptoms were tagged in comparison with three plants that
appeared normal in growth. Counts were made in the late fall of that
growing season on the number of sucxers oroduced by the narent plants.

he entire pnlants were taen carefully dug up keeping the root-suciker
systeﬁs intact. Agar plantings were then made from the rhizomes of all
six parent plants at the points of suclzer attachment and elso from the
indivicdual suciter plants., The results froa this experiment ere recorded
in Table I.

TABLE I
Isolations froa nornal apnearing and diseased plants and the reduction

of suckers resulting from Verticillium infection

Infected Parent Plants Norimal Parent Plant

Plants Used 3 3
Total Suckers Present 23 35
Yerticillia isolates

from parent plants 3 0

SUCIZER PLANTS
Verticillia isolates 14 4

Other organisms 9 31
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From the foregsoing table it is concluded: (1) Suckers froa
infected parent plants may be entirely free of tie causal organism;

(2) When red raspterries are infected witi Verticillium the amount of

suckering 1s reduced.

It will be roted from Table I that sucker plants from apparently
healtly parents had become infecied. This possitbly resulted from
natural infections from orgeanisms in the soil.

This table suggests a point of interest in regards to field
spreed of the wilt disease organism. Sucizer plants from infected
parents can disseminate the fungus over the extent of their radius.
The infected sucker plants growing in the aisles may be torm out of
the ground by cultivating tools and dragged for some distarnce which

may further spread the causal organism.



CHAPTER V

2ETHODS OF ISCLATION

A characteristic of the Verticillium fungus is that it does not

develop fast on artificial media. As a result the body of the culture
medium may become densely overrun with bacteria ard rzpidly growing

contaminant fungl (FMeria, Alternaria, Gleosporium, et cetera) tret in-

hibit the growth of the Verticillium isolate. The following methods of

isolation were tested to determine which method would prove the nost

efficient to obtain pure cultures of Verticillium from diseessed plant

tissues.
A, Prepzration of Plant Tissue Specimen
Since the surface of the diseased tissue is often contaminated -~
with secondary fungil it is desirsbie to kill or remove these orgenisms
witlout injuring the pathogen in the inner tissues. A series of three
different chenicals possessing disinfective qualities were tested for
their efficiency on surface disinfection of raspberry tissue. The
chenicals tested were 0.1 per cent mercuric chloride, 3 ver cent sodiunm
nypocihlorite, and 1 ver cent Chlorazene. (All were tested in aqueous
solutions).
Tested in combinztion with these cheniiczls were two procedures
for tne handling of the diseased plant tissues.
1. Small sections of the plant tissue were soaked in the swecifie
cnemical for one minute. Then, usin; a flane-sterilized scalvel,
sections of the cane were cut and transferred to poured agar plates.

2. In addition to the foregoing procedure the plant tissue was run

through four series of sterile distilled weter rinses - tris aids
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in removing trhe residual disirfectant and possible suriace con-

taninants not previously killed by the clemiczl.

Procedure Kw.ver 2 gave the lezst contamination and more Verti-
cillium isolates. Sodium hyvochlorite or Chlorazere were suitable
disinfectents as they were foot acting erd left little toxic residve.

Ileny of the pleant tissues used in this isolation work were thin
leaflets znd fibrous roots that could be venetrsted by the disinfectant
with tie probability of killing the pathogen. Trerefore, it was
necessary to prepare the tissve without using a cheniczl disinfectant.
Rinsing the plant tissues under running tap water for thirty to sixty
minutes and tren running the material thiougch a series of four sterile
distilled water rinses gave little contamiration and proved satisfactory
for isolation of the fungus.

An 80 per cent increase in pure cultures of the causal organism were
noted when the tissue plautings were cut froii the resion on tkhe cane bor-
dering tne diseazsed and norrnzl tissuve. Triis eree 1s apperently free
from the secondary invaders. Over 75 ver cent of z2ll isolations made

from cane tissue already discolored feiled to yield Verticillium and

nost of the isolates were fungl of the Fusaria group. Tre Verticillium

fungrs could be obtained two to t:ree incnes beyond the discolored

portion., No isolations of Verticillium were obtaired from plant portions

higher than ore foot above the crown line unless so previously incculated.
Selection of the Ager !edium for Plating
Since the Verticillium fungus develons slowly a medium must be

used that eliminates bacteria. Suvch a medium must be lacking in vroteins
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and have a pH arourd 5.0 to vrevent excessive tacterial growth. The
rapidly growing contaminent fungi tnrive on nedia that are rich in
carbohydrates; tierefore, reduced carbohydrate formulation is desirsble.

Five different types of media tested were: (1) 2 per cent melt
extract, (2) corn meal, (3) lima vean, (L4) poteto-dextrose, and (5)
prune infusion, in 2 per cernt agar. In addition, a natural media
consisting of Cumberland black raspberry foliage chopped into siall
pieces about three-eighths of an inch square and mixed in 2 per cent
agar., fTue rasprerry foliage was first sterilized in orogylexe oxide
vapors (52).

Tne best tyve of media for isolation of the Verticillium fungus

was prune agar. Prune agar 1s sligintly acid in nature and very low in
proteins, two characteristics that limit bacterial growth. The rasp-
berry leaf media was fairly satisfactory for Verticiilium isolation but
proved of most value for microsclerotiel oroduction from S1 blotype. Tre
microsclerotia were used in mass inoculations for verietal resistance
stucies.
Single-Conidial Isolation Techiniques
Ti.ere are many metiods for single-conidial isolations. Two metnoCs
used in these Verticillium studies were as follows:
1. A modified Hansen and Suith (21) orocedure: Cuitures of the bio-
t;pes were maintained on 2 per cent malt extract agar slants. 10 =1,
of sterile distilled water was added to a test tube culture and the

ube was vigorously sinaxen, This water which tuen contained wany
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conidia was transferred to a clean sterile test tube. The aporoxi-
mate concentration of a conidial suspension was determined by direct
microscopic counts of conidia carried in 2 4 mm. transfer loov.
Counts were made using the Howard.counting cell. Tnis conidial
concentration was diluted by a series of loop transfers to sterile
distilled 10 ml. water blanks., Wnen a loop suspension contained
approximately 50 to 75 conidia, as determined by count, it w;s
transferred to a test tube containing 10 ml. of melted Coon's (42)
medium made with O.5 per cent ager. This extremely low percentage of
agar iade it possible to cover thie bottom of three 90 mm., Petri plztes
with the 10 ml. of inoculated medium giving anvrorimately 15 to 25
conidia per plate.

The thinness of the ager in this technique greatl& minimized
the possibility of conidia being situated directly above one anotuer
and was especlally advantageous for the extremely small Vertiecillis
conicdia., Most of the conidia germinated within a twenty hour
period. At the end of this period the Petri plate was pleced on
the stage of a compound microscove, tile cover removed, arnd the
germinating conidia picized uwp singly on the tip of a flattened
inoculating needle and transferred to 2 per cent malt extract agar
slants.,

Ti:is technigue was used in these studies as it gave a greater
possibility of a sirgle cell isolate,

The dilution blank technique: ZFollowing the conidial dilution
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orocedure as previously describved, direct loop transfers are made

to previously poured and solicified eger plates. 3Suall rings

previously drzwn on tne bottem outside of the plate with 2 wax

vencil aid in placing the lcop trarnsfers on the medium ard also

fecilitetes tlre locotion of germinating coridia for isolation.
Tils techricue has one Cisadvantage for sinple-conidial

Verticilllum isolations. The extreaely smell conidia of Verti-

cilllium mey lie directly above one another without detection and
there is a possibility that tlie resulting transfer would not be a
singsle-conidial isolate.

Tae single-conidial transfer needle was made in the laboratory.
An inoculating needle wzs neated red-hot and then hanmered flat.
The needle was then given a very sharp voint by grinding on a
whietstone. A point of such fireness must be sterilized by cremical
means (1 ver cent Chlorazene) as it is im-ediately destroyed in a

flane.
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The Verticilliua fungus is soil bLorne (61) and cen penetrate the roots
directly (39). However, a variation of three plant inoculation methods
were studied. The methods used are outlined below. Fpr eaclh series of
inoculations co.parable cleciz inoculations were made using sterile dis-
tilled weter.  The rfun¢gus was later reisolated in pure culture from each
plant to prove the actual pathogericity of the fungus according to the
principles of Koch's postulates (30).

Hetkhod Nuwmber 1

The entire root system wes simply dipped into 2 microsclerotial or
conidial suspension and the plant potted immediately.
lethod ITfumber 2

The plant was pvotted and inoculated after it had become estzblished.
For inoculation a six inch iron rod was pushed into the soil manually rear
tiae bese of the growing raspberry plant, making three or four such holes
around the plant. The pathogenic suspension was then poured into each
hole znd the top of the hole covered with soil.

Method Number 3

Using a flame-sterilized scalpel, a T-shaped incision was made into a
cane to a depth of about one-eighth of an inch. Into this incision was
placed a cotton wad previously soaked in a conicial or microsclerotial
suspension of the causel organisn. The treated incision was then covered
with a proprietary seli-sticking latex tave called Sealtex. This tape

not only sticks to itself but also seals against eir and water loss from
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the covered area.

The relative incubation veriod using these three nethods with thiree
blotypes of the Verticilliuz fungus are presented in Table II. The shorter
the incubation period the more efficient tle metlhiod.

Table II i1adicates that the cane wound method has the shortest incuba-
tion period of the biotyoes used for inoculation. The S1 biotyve ex-
hibited the highest dezree of vathogenicity as indicated by the shortest
incubation nericd. Of further interest, this biotype showed the hishest

toxicity in laboratory studies.
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CHAPT:R VII
MODE OF INFECTION

Reinke and Berthold (U43) demonstrated the ability of the Verticillium

mycelium to penetrate healthy root tissue. Their tecimioue was to simply
place mycelial bits in direct contact with potato roots grown in humid
chaubers. However, under sinilar conditions they were not able to acheive
infection with conidial suspensions.

Recent work cf several investigators (6, 39, and 56) has independently

confirmed tie view uphneld by Deinke and Berthold. Also, Nelson (39) has shown

by histological stucdles tihat the Verticillium conicla can penetrate roots
directly within a period of six hours. Other investigators (3, 9, 13, and
25) have advanced this theory on asswiption only as they offer no investi-
getional data to suwport their contentions.
A. Root Infection Studies

Experinent Number 1

Nelson (39) showed trhat Verticillium conidia were attracted to

mint roots, presunably by chenical or electrical phenomena.
Following I'elson's technique, but using Cumberland dbleck raspoerry

ingtead of mint, healthy, fibrous roots were placed in a Verticiilium

conidial suspension. The roots were then subjected to a series of
sterile distilled water rinses znd vigorously sliaken. fter this
procedure, slide mounts were made and exanined. ilany conidia were
still found to be appressed to the surface of the roots.
Experiment Fumber 2

An experizent was designed to determire whether isolztes of
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Verticillium could peretrate directly into the roots. Two Cumberland
black rasovberry plants were grown in sand culture to develon a more
fibrous root system and to enable an easier removal of the roots from
thie sand with a minimun of injury.

Two inch portions of these roots were placed in nairs on thirty-
two aseptically clean glass slides in Petri dish moist chambers. A
series of eigit slices (sixteen inoculations) per biotype was used
and bits of myceliua from the three biot;pes were placed upon the
epparently uninjured root sections. The remaininz eight slides were
used as checks, the roots being subjected to smzll bits of sterilized
cotton instead of inoculum,

Within a thirt;-eix hour period, brown lesions develoved next to
and under the inoculw: in the S2 and S3 inoculations, After a sixzty
hour period similar lesions vere noted with the S1 blotype wl.ich con-
sisted mainly of microsclerotia. As microsclerotia are considered to
be a resting stage of the fungus (23, 43, and 61), it seems reasonzble
and is corrotorated by the data that this thick-walled structure will
taeke 2 longer veriod of tine to germinate and infect.

Isolations made from the foregoing diseased root nortions readily
yielded tie Verticillium orgerism. There is little doubt tnat the organism
penetrated for the isolations were made from surface sterilized roots,
using the chlorine compounds and water rinses. Further eviderce in support
of tuis data is that no Verticillium isolates could be obtained from di-

lution plates made of the rinse waters. Following the final rinse,
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portions of tiie stelar tissue were teased from the roots by asevtic

techniques aud plated.

i'he results of this exseriment are recorded in Table III.

TABLE III

Foots Inoculated Poots Conteining Verticilliun
BIOLP:ES NUIBER TUIBEIR
s1 16 10
se ' 16 1l
S3 16 13
Check 16 0

The above table indicetes that all three blotyves are capeble of
penetrating root tissue. The lower amount infected in the S1 biot;ve
possibly results from the longer period required for the germination
of microsclerotia.

Experiment Number 3

Two inch sections of healthy fibrous black resnberry roots, obtaired
by the sane procedure given in Experiment Number 1, were subjecteé to the
following test. Using a flame-sterilized forceps, a section of the root
was picked up by its basal cut-end, tie terminal unwounded enc taen being

dipped into a conidial susoension of Verticilliua to a one-ralf inch

depth. The inoculated root was then placed on an asevtically clean
glass slide in a Petrl dish moist chember. Other roots were similarly

treated vslng eight roots ver blotype. A check consisted of eight roots
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that had been cinped into sterile distilled w=ter.
After a two day period necrotic specks were noted on the trezted
portions of all roots, while the check roots appeared normal. On the

fourth dey isolations were made aud the Verticilliwi was obtained in

pure culture. This experimentel evidence substentistes the results
obtained in the foregoing experinent. ¥o table is presented for all

roots dipped into a conidial suspernsion yielded Vertiecilliwm upon

isolation.
Experiment Nuzber 4

In 1922, Bewley (6) crew tonato seedlings in a nutrient agar end
when the roots were well developed he zdded a conidial infusion of
Verticillium. Tke roots were reacily attacied and tke plents begen
to wilt in nine days. Van der Meer (5€) conducted a similar ezperi-
ment using cucumber seedlings and potzto tubers. Le concluded with
the statement, "the roots were attacked either directly through the
epidernal cells or throush the root hairs.”

Using tomato seedlings for the test plants a modified technigue
from thet given above was adopted. Aseptically clean Bonny Best tormato
seeds were gerninated uncer aseptic conditions in sterile Petri dish
moist chamnbers. After thirty-two of tie young seedlings had developed
their prinary organs they were transferred singly to lar:e sterile test

tubes that contained e 15 ml. conidial susvension of the Verticilliua

fungus. Eight seedlings ver biotyve were used. Tie remaining eight

seedlings used as checks were placed in sterile test tubes containing



15 ml. of sterile distilled water.

The roots were anmarently attaclred by the orgenism, evidert by
the appearance of many small brovm spots scattered over the roots
submerged in the conidial susnensions. The wilt s;mntoms, as noticd
by Bewley (6) in nine dzys did not «preer until the thirteenth day
in this study.

Isolations from the afifected root systeus of the seedlings yielded
the Yerticillium orgenism wpon plating. Following is the deta obtained

from this experizment on tomato seedlings.
TATIE IV
Isolations of Verticiliium followinc inoculation

of unwounced tomato seedling roots

Seedlings Used Yieldin= Verticilliua in Culture

DIOTYPE NUMBER WUIBER
s1 8 4
s2 8 6
53 8 3
Check 8 0

This exoeriment shows that tie raspberry isolate of Verticilliwm

is not only capable of root venetration but 1s also patihozenic to

tomato (Sslanium lycomersici).

Experiment Number 5
A few investicators (13, 23, and 46) have reported actuel field

observations on the presence of microsclerotia on the enldernis of
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infected cane tissue. Isolation studies were not included in their
investisational data to justify this field observation. Then too,
their observations may have been confused witihx tle fruitian- bodies
of Cceniotiyriun sp. and Diljnaclla avplanta which are often found on
diseased canes of raspberry.

Recent investigetions have shown that no fructifications of the

Verticiilium fungrus have been observed on disezsed canes in the field

or greenhouse (61, 62, and 65), This observation, in agreeuwent with

the writer's, then eliminates to a2 grecat extent the possibility of wind
blown infectife conidia. However, there is a possibility that microscle-
rotla may be disseminated by water or dust erosion of the soil. HMHicro-
sclerotia are higzhly resistant to descication for they can withstand a
constant temperature of 120 F for several months (61) and still be
viable. Their averaze measureient is from twenty-five to seventy-five
microns in diameter so they are not only small in size but caoable of
veing wind blovn. Their ocecurrence in surface cultivated solls sub-—
stantiates the wind and weter dissenirnation tieory (f1).

A series of three black and three red rasnberries were growvan in
the greenhouse. After they had become established, the unwounded carnes
of the above plants were atomized with patiogenic ;uspensions of the
three biot;ves. A similar series of ciech plents were atomized with

sterile distilled water. Vaseline barriers were used on 2l1ll atonized

canes to prevent the suspensions from flowirn~ down ti:ie canes end into

the soil where infection hos been proven to take place.
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All treated plants were placed in a2 moist chamber for twenty-four
nours, as coniiial germinstion studies indicated a 65 per cent germina-
tion within twe:ty hours.

After a forty day period no visusl wilt symptoms were noted on
any of tne treated plants. Isolatiéns were mnede from the treated areas
on the canes with negative results.

Previous experiuental trials described in Chavter VI show that in-
fection will tzze plnce on the aerial vortions of the plant if the orzan-
ism is placed in a wound on the cane, Tihis type of irnfection, if present,
would generally be found near the crown line within renze of the micro-

sclerotia known to be nresent in surfece cultivatea soils.
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CEAPIER VIII
+ECHAWISH CF WILTING

Hutrient Theory

In 1592, Atxinson (1) formulated the first important hypothesis
on the nature of vascular wilts. Ie stated tnh=t infected plants wilted
because the fungus utilized the aveilable nutrients present in the
tracheal fluid and thereby starved the host. Xlebahn (29) took a
similar view a:d even went as far as stating that the causal organisn
inhabited the vessels as a saprophyte.
Thrombusis Theory
l. Xycelial Thrombosis

Thris theory is based on a mechaznical plugcing of the xylenm
elenmnents by mycelial wefts or strands, especially in the sieve plates
and vpits present in these elements. The first investigztor to advance
tiie ldea thet plugsing of the vessels trought about a wilting s;mptonm
was Klebzhn in 1313 (2%). M.ycelial development in the vessels," he
stated, "eventuzlly vlursed them to such an exteut thet translocation
of water and food materials to the uoner perts of the plant was rendered
innossible."

Other investiators wiio were found to agree with the mycelizl
thrombosis theory ere: Reinlze and Berthold (43), Ven Hook (55),
Berkeley and Jackson (3), Pethybridee (40), and llaclecn et 21 (3U4),

Argunents against this mycelial theory have been noted by Van

der leer (56), Bewley (6), Brandes (7), anc otrers. Their investige-

tional data pointed out that plants suffering from severe "vwilt" may




nave very few hyphze in treir vessels., However, those plants showing
only a wild form of "wilt" mey have a pronounced congestion of their
xylen elezexnts.

2e Gum and Tylose Thrombosis Theory

This theory is substentiated by meny investigators (15, 40, L9,
56, znd others) who state that other types of occlusions, such as the
formation of guas or tyloses in the xylem, zre responsible for the
blockege of the flow of water and food materizl uwpwards in plants so
affected.

Are tylose formations a primary czuse of wilting or are they
secondary factors? Tyloses are of comaon occurrence in many of the
anglosperms. The development of tyloses eitihier normally or as a
result of wounding may be due to one or combinations of the following
factors: (1) difference in pressure in the cells on each side of a
pit menbrane; (2) reduction of pressure; (3) cessation of conduction
in the vessel tnus permitting the membrane to exvand into the cell.
To disprove tals taeory one needs to only observe a diseased plant in
the field or greenhouse, On the aflfected plant the lower leaves mey be
dead or dyiny but the topmost leaves are generally turgid and show no
visual "wilt" symptoms. These former symptoms are associatéd with a
lack of moisture and one would expect the terminal leaves to be similarly
affected if an actual blockage did occur in the vascular system.

Further investigational data vroviding strong evidence against

the thrombosis theory (mycelial, gum, or tylose) was reported in 192
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by Dowson (15). 3By experimentation, Powson, inactivated the conduct-
ing channels of lilac end privet for long distances without a sub-
sequernt symptom of wilting.

The writer repeated Dowson's experizent on the inactivation of
conducting channels using rasdverry. Vedre-shaped pieces were cut
from the cares of raspterry on alterrcte sides. Tais operetion Qas
cdone under water so as not to breakx tke capillary flow of water. The
cut surfaces were rubbed wit: voseline and the cares were then removed
from the water and the wounds were covered with Sealtex tape, After a

period of thirty-two days (average Verticillium incubetion veriod) not

the sligshtest trzce of wiltir, occurred on t-he trezted canes a2ltkough
their conducting tissues were inactivated over a lory aistance by
meckanical plugging.

Anotrher argument against the thrombosis tieory is that the dicecse
"wilt® is more severe during the cooler portion of the growir;: season
(33). Bennett (2) and the writer have noted in tiieir observations and

experiments that Verticillium wilt of raspterries occurs most during

the hottest period of the summer with an epparent recovery duriung the
cooler days in autumn. Bewley (6) steted that greenhouse torato plaits
wilted at high temperstures but they recovered at still hicher tewpera-
tures. Using the thromvosis theory as tie criterion, how would onc

explein wiy a torato plent would recvire less water to retain turgidity

at a higher rather than at a lower teicerzturel
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Gas Formztion Taeory

Another theory that had been advarnced by investigators is that
a gas, such as carbon dioxide, is forned by the fungus and results in
the formation of a gas voclzet in the trachae. Such a formation would
thereby hreek the transpiration stream and a flaccid, wilted conditicn
would resvlt., In 1626, Tocninai (54) discovered thet a large amount

of carbon dioxice was produced by a vascular wilt fungus, Fusarium lini,

In view of this theory a series of tests were then initiated to see

if the biot;pes of Verticillivm isolzted from rashberry would produce

a ges, (Figure 4). The Durhasn t;oe of fermentation tubes were used.
This apparatus corsists of pyrex test tubes in which are placed in en
inverted position small glass vials (two inches long and one-quarter
inch in dianeter). If a gas is formed by saccerolytic enzyme action
it will displace thne nutrient broth in the vizal. The amount of cas
formed may be roughly estimated but the kind of gas cannot be determined
by the use of the Durham fermentation tubes.

This type of anvaratus possesses sone advantages over the Smith
fermentation tube, if only the presence of gas production is to be
noted, as the tubes are eesily cleered, sterilized, and reguires no
speciel apparatus otner than a test tube rack.

To overcome the possibility of the vial resting on the bottom of
the test tube so firmly that it would exclude the furgus, the open end

of the vial was cut off at an ancle. The inoculeted tubes were periodi-

cally shaken.
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Tie media used for tLesc test consisted of nuirient droth (3.0 gn.
beef extract, 5.0 gm. veptone, 1,000 ml. distilled water) to which wes
added at a 1 per cent concentration the fermentzble susar.

The results of these gas production studies as recorded in Teble V
show that no gas was formed by any of the three blotypes of the causal
organismn, However, data was obtained on the production of microsclerotia
and the amount of mycelial growth. Thils is presented in Table V.

From these studies 1t was concluded trhat no pas was formed by

Verticilliun and that the ges production theory is untenable for the

wilting resulting from Verticillium infection.
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FIGIE 4

Sample of gas rroduction experiment also sihowing
veriations in growih of tue different biotywes.

Left to right in each series, biotyves S1, 52, and

53 respectively.
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Toxin Theory

The toxin theory is rather generally accented at the present time
(6, 14, 19, 31, and 57). It is based on the findings that toxins are
produced by vascular fungl when grown on synthetic nutrient media and
that these toxins are able to wilt excised shoots,

Gottlieb (1G), in recert fuserium wilt studies reported the
presence of toxins in the xylem elements of wilted plants and their
total absence in tire fluids obtained from noninocidlated turgid plants.

Wellman (57) reported differences in the toxicity of culture

filtrates of mild end viruvlent strains of Fuszriwn lycopersici, in-

creased toxin production being associeted with greater virulence.
Tihis finding has also strengthened tie toxin theory.

The following exveriments etteipted 1n pert to repeat the work
of other iavestigators and to test the validity of the toxin theory
using only the isolates of Verticillium obtained from raspterry.
Experiment Number 1

Dowson (14) reported that a toxin of Verticillium acts on the leaf

tissues in Michaelmas Dalsies. He observed that prior to actuerl wilting
tlie leaves took on an intense yellow coloration due to citloroplast
de;eneration.

In this experinent it was atteipted to corpare Dowson's (14) obser—

vations on daisy with the Verticilliwn disease of raspberry. The results

were similar. Hand sectioning of affected leaves showed that the actual

chloroplaests were completly absent from the mesophyll and palisade tissues
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and only a yellow disorganized mass of plastic material was present in
tne affected cells.

Leaves from both hezalthy black and red raspberries were carefully
scraped with a sharp scalpel. The scrapings were placed in o water
mount and many intact leaf cells with brilliant green chloroplasts were
present. A portion of a filtrzte from the liquid media in which the

Verticillium fun.us had been growing was pipetted and dropped onto the

water mount containing tke lezf tissue.

Constant checking under the microscope indicated that the chloro-
plasts were affected first. They collected at the cell walls, lost
their green color, and soon disintegrated to a yellow mass of unorgen—
1zed material., The cell walls did not aojpesr to be ruptured or other-
wise affected.

Experiment Fumber 2

fellmen (57) and Wolf (63) reported from their studies with
Fuserirm isolates thot a growth period, on synthetic media, of at
least one month is required before the filtrate attains its maximum
toxicity.

A similar study wes conducted with the virulent strazins of the

three Verticillium blotypes. All isolates of biotypes S1 and S3 were

found to be pathogenic to raspberry. This virulence wez8 determined by
actusl plant iroculation, wilt symptoms, and reisolation from the in-
fected plant. Finding a virulent strain of bilotype S2 proved to te

difficult for many isolates of this bilotyve falled to irnfect raspberry,
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One strain was finally isolated thet proved pathogenic. It was inter—
esting to note that this isolate had a high serial mycelial growth in
contrast to the relztively simall zerial mycelisl growth of the other

S2 isolates. Cultures with slight or low zerizl mycelial growtk proved
non-pathogenic to raspberry.

The virulent strzins of the three biotyres were cultured in 100 ml.
of Coon's syantretic media (42) contained in 250 ml. Erlenmeyer flasks
for varying veriods, namely, 5, 10, 15, 20, 30, U5, and 90 doys. At
the end of a svecified time the mycelizl accumulation was removed by
filtration usirg four layers of cneese cloth and one layer of filter
paper as the complete filter vad. Loop transfers from tre filtrate,
examined under the nicroscope, were conpletely free of conidia and
mycelium,

Ten—-inch shoots of similar age and cane dianeter, excised from
Cumberland black raspberry, were placed into the filtrates. The
followirg table indicates trhe time reguired for maximum toxin pro-

duction using the three biotjves of Verticillium.
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TAZLE VI

ihe tiue required for maximum toxin content is indicated by the
rating scale - the hlgker the rating nuaber the greater the toxin
activity present in the filtrzte,

Toxin Production (*) at Progressive Intervels

DAYS 5 10 15 20 30 ) 90
Biotyoes
S1 0 0 1 2 L 3.5 2
se 0 0 0 1 2 2.3 1
S3 0 1 1 2 3 3.5 2

*HReting Scale for 4& hourd observation:
0 - no wilting in L3 hours
1 - slight wilt in 36 hours
2 - 8light wilt in 12 hours
E ~ comvlete wilt in 4 hours
} = commlete wilt in 2 hours
The above table shows that approximately 30 days in culture are

required for a significently demonstrated toxin content in the

filtrate with some incresse up to U5 days ard a decrease after

©0 days.
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Experirent Number 3

Kelson (33) revorted that excised shoots of mint when placed in
toxic filtrates wilted foster in the lizsnt then vhen exposed to dark—
ness. Also, filtrates prepzred from cultures grown in darkness were
impotent to cause wilt in contrast to filtrates from cultures grown
in exposed lizit wihich cause severe wilt.

he foregoing report proupted an iavestisation to determirne tg
influence of light on the wilting phenornienon using trhe raspberry Verti-
cillivm isoletes.

A series of cultures from the tiree biot;nes, S1, 52, and S3 grown
in Coon's synthetic sclution, were exposed to contiruwous li ht. Another
series was cultured in amber flasxs in complete darimness. The mycelial
accurmulation wes removed at the end of a thirty day period (57 and 063)
and saved separzte from the filtrate.

All filtrates were diluted to twice their original bulk to offset
tre effects of exosmosis which mey interfere with the recvlts when the
filtrates are used at their originel concentrations. Checks, consist-
ing of sterile syrtietic nutrient solution with excised shoots placed
in them, were incluced in 21l of these experinents.

Ten=-inch excised raspbterry shcots were placed into the filtrates
that were cultured under contiruous light conditions. These flaslks
wvere tihen placed in bright sunlight and within a four hour period zll
shoots had wilted, indicaeting that a toxin wes present in all of the

tnree Yerticillium biotiwes, (Figure 5).






Progoressive wiltin; of rasvberry shoots following
ten, twenty, and thirty minute exposures to the

toxin of Verticillium glto-~atrum, biot;pe Sl.

Control sioot on left.






The filtrates cultured in darkness in amber flasks were tested
under similar conditions and no wilting was observed.
Different combirztions of light and dark exposures were then
tried using the two series of filtrates.

a. Light Exposed Culture Filtrates

Filtrates were placed in a dark roowm with excised raspberry
shoots immersed in them. After a thirty-six hour period not a
wilt symptom was evident on the shoots. The flasks containing
the filtrates were covered with black paver, exposed to sun—
1ligrt, and all shoots demonstrated positive wilt s;ymmtoms. Tris
snows that shoots subtjected to tne toxin will not wilt unless
under the influence of li:zht.

In addition to tkese tests on the lizht exposed filtrates
a cinilar series of filtrates were tested as follows. xcised
raspberry shoots completely swabved with vaseline, except for
the basal cut—-end were used. This vprocedure prevented trars-
piration of the shoot by mechanicel blocxing. lo wilting whatso-
ever was prcduced and indicates th=t under reduced trenspiration
the cells do not lose treir turgor.
b. TFiltrates from Cultures Grown in Darimess

The filtrates produced in abserce of lizht were placed in
a dark room with excised shoots immersed in them, Yo wilting
was observed durinz forty-eight kours of observation.

The filtrates from darkness procduced cultures were trans-



4g,

ferred to clear glass flasks., These were then exposed to con-
tiruous light for seventy-two hours. fter a thirty hour veriod,
wilt symptoms were oresent in tke S1 filtrate but none in those
from the other two biotypes. Further light exposure did not
incresse the wilt symptous resulting from trnis Tbiotype filtrate,
Trus, the non-toxic filtrate from S1 biotyme beceme toxic
after exposure to light, showine that the influence of licht
acts directly on some chenical product in the filtrete and
synthesizes the toxin. Trerefore, the formation of toxins is
not necessarily the result of growing the funcus in licht, but
results fronm the exposure of the filtrate to light. As fer as
the writer is aware, this observetion has not been nentioned by
other woriers.
way the filtrete from the S1 Dbiotype was unique in this
phenomenon 1s not known but the S1 filtrate woas alwal’s more toxic
than the filtrates from the other biotypes in these studies. IHcw-

ever, it has been noted by both Bewley (6) and Nelson (39) that

sclerotia-forming biotymes are more toxic and in eccord with these

observations. The S1 biotype is 2 sclerotia former.

Experiment Number 4

| Wolf (63) reported that the mycellel net that accumulated on tae

synthetic solution induced wilting. Tie technique used by Wolf was to

simply grind the mycelial mat in quartz sand and extract it in distilled

water.
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This techniaue was then repeated with the light e:xposed and derk
series of mycelial mets accumulations. The results were identical as
as noted for the filtrates; na:nely, the light exposed miceliuwn pro-
duced wilting and tihe extract from non-1i:ht exposed nrcelium éid not.
Exreriment Xunbver 5

Bewley (%) using a toxin, produced by a Verticilliva isoleted

from tonato, greatly reduced its toxicity bty heatin; et 100 C for
five minutes. He concluded that the toxin was thermolabile.

Nelson (33) and Wolf (63) noted that heating of the toxins vro-
duced by tune vascular fungi increzsed their toxicity, contrery to
Bewley's findings. !

Usin~ the tecnnigue of Wolf, the filtrates of both the light
exposed and tiie dark series were evaporzted to dryness on the stean
table. The individéual residves were redissolved in distilled water
to bring them to a volumne equal to that of the originel Iiltrate.

The hezt trezted residues were tren tested with excised respberry
snoots. All light exposed heet treated residues still retzined their
toxic activity and the S1 biotype residue was even more potent after
this heat treatment. All residues of the dark series were non-toxic
to reaspblerry.

The results indicate that the lignt exposed dict;mes of Verti-
cillium are thermostable =nd that heatingz tends to increzse the toxin

activity of the microsclerotia form of biot;pe Sl.
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Experiment Number 6

It was guestioned wiether these toxins were permanent in their
action and could tie shoots acquire resistance or immunity to the
toxin. Excised shoots were removed from the toxic filtrztes at
verious periods of time after wilting had begun, and placed in dis-
tilled water. If no recovery of the shoot toonk place it indicated
e possible permanent disorganization of tiie tissues.

Tre data obtained froz tiis experiment showed that if fifteen to
twenty-five mirutes elapsed after the first visual symptom of wilt was
evident, the excised shoot would not recover its tursidity when placed
in distilled water. ZExcised shoots re:oved imnediately, or uw to apnroxi-
nately fifteen minutes after wilt sywmotoms occurred, did not acquire re-
sistznce or immunity to the toxin. This was demonstrated by plecing
tne shoots back into tie toxin and heving wilt occur.

Ezveriment Jumber 7

Hodgson et al (25) reported thot there was a direct reletionship
between molecular weights and wilt-inducing activity of the symthetic
volyzer glycols. Thne largest in molecuvlar weight being the most toxie
as denonstrated by wilt znd a greater accumulztion of the symthetic

compound in the region of wilt.

Telson (39) stated that the mint Ferticillium toxin is commorable

to lorge e mclecules. Fe noted that only one-kzlf ¢l & niint shoot
was aflected (colorztion) by e Fast Green dye, the other 1z1f anpeariag

nornel in color. This denonstrated that tlie dye couvld not move laterally
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and must be commosed of large molecules,

Following Felson's vrocedure (3S) but using raspverry shoots in-
stead‘of nint, an excised shoot was split verticelly at the base for
three inches and tiie cut-end of one-h=lf cf the stem pleced in dis-
tilled w=ter, the other end vlaced in a susvyexnsion of Fast Green d;e.
The phenomene exiiibited in mint éid not occur in raspmberry for tie entire
snoot w=s colored. The reason for this difference is not known at the
present time,

Sinilarly, the two ends of a split shoot were each immersed in a
toxin filtrate and distilled water, The erntire sioot wilted, showing
the same lateral peretration exiibited with the dye.

If the toxin consists of large molecules there is a possibility
tret these molecules could Te removed by tra-filtration. It wvas
decided to test toxins passed throuch a Seitz bacteriologicel filter.
Prior to this wltra-filtration the toxins were tested and found to
cause a complete wilt of sioots within a two hour neriod. The s;mmtons
of tiiie t;ve of complete wilt is with the loweriost lesves and oro-
gresses upward as in field wilt symmtonss. The syimtoms include a droop-
ing and wilting of the leaves, curvature of tle stem tip, interveinal
necrosis, and in the case of red respverrics, a terminzl leaf dovawvard
curling.

Tollowing ultra~-filtration tre solutions czused no typical wilt
s;mptoms in raspberry siwots followinz twenty hours of exnosure as the

shoots were still wpri:ht and the leaves turgzid. However, the ncin
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vasculer elexents in the stems a2nd leaves were colored an unnatiral
browvm to black. :is coloration persisted for thirty-six hours when
the observations were ended.

The Seitz filter pad was placed in a flask and macerated in dis-
tilled water arnd tested with an excised shoot. Wilt s;mptoas occurred
in twelve hours altiouch not quite as severe as found in the original
filtrate,

T.ds test indicates that the toxin may be co:mlexes of several
compounds of different olecular size - the smzller sized commound
causing orly discoloration but no wilting and the otaer compound either
consisting of lar;er molecules or werihaos electrically or mecianically
absorbed by tire filter pad and caosing general wilt symptoms. o

definite couclusion could e made re-criin: the relative size of the

toxin nolecules.




CHAPTHER IX
CULITRAL STUDIZS

A deternination of the different environentel factors irnfluenc-
ing the causel organis: may orovide useful inforiation on the.develop:ent
of the wilt diserse in the field and on poscitle control reasures.

A, Effect of Temmerature
In reviewin. the dota of many investigators (2, 6, 10, 13, and
59), it was noted taet no uniformiiy existed in the results of treir
temperature studies. Tirese Ciscrenencies wmay possibly result fron
tlie use of different straiis or diotjves of the orgenisn. Tierelore,
it was desirable to know wietlier differences occurred in the teimeras-
ture constants of tre three biot;wes isolated fron raspherry. In tiis
study the series of seven electricz2lly coutrolled incubators used were
set at 10, 14, 1., 22, 24, 26, and 20 desrees centi;rade.
“he inoculun for tie S1 ard S3 bictpes was prenared as follows:
1.e two biotynes were cultured on mzslt extrect egar until the colonies
were anproximately tlree inches in diaeter. Usirn: a flame-sterilized
brass cork bore, 6 mm. disks of the given biotynes were cut from the

asar. A uniforn disk of inoculum was then obtained for the culture

plates. S1 and S3 biot;nes have a characteristic epvressed mycelicnl

or sclerotial t;pe of greowth and tle vee of acwvusl btits of

the media
provide the only assvrance feor getting uniform auounts of iroculun.
The S€ (fluffy 1ycelial) inoculum was prevared by a different

s was cultured on malt extract acar =nd when the

metnod, The fun u




colonies were approxinctely three inches in ¢ia-eter, 6 rm. filter
peper Cisks were pleced onto tlie colonies. Tiese disks were nrevi-
ously autoclcved in a 10 ver cent glucose solution. A few doys z{ter
the furgus had grown into tie disks thef were trznsplanted oanto the
culture yplates as uniform aaounts of inoculum.

Fach test had four renlications for eazcn biotype and teuvera=-
ture., Three complete tests were run. The results of 21l the tests

are averzged erd tre d2%a is presented in Teble VII.
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Table VII indicates tne optimum ranges for the three tiot;pes,
S1 (22 C to 24 ¢), s2 (24 ¢ t0 26 C), ard S3 (26 C to 2% C). How-
ever, the 53 tiot;pe may have a ti:her temperature rarge then indi-
ceted, tut ni;ler ranges were not inclvded.

Tre ontimun for thxe S1 bloiype agreed with the findings of Zewley

< O

(6), who clessified his isolate es Verticillium albo—ztrum and stzted

tnat it formed microsclerotia. Ch audhuri (10) and Czarnecki (13) us-

ing isolates of Verticilliuz z2lho—atrum reported aliost identicsl cpti-
mu ranges wiaich averzged 21.5 to 25 degcrees C. Their data overlaep the
S1 and S2 tiotype ooti um raiyes revorted here. Bernett (2) revorted
an optimum of 27 C to 32 degrees C wiicn is similer to the fiandings in
this study uwsing tie S3 biotype. The S3 is more pathozenic to rasp-
verry than the otiher two tiotyves erd may explein the cases of severe
wilt during high mezn daily temoceratures noted in lliciigan in these
studies and by Benzett.

In addition to the rate of growtn the followin; observations on
the effect of temverature on tihe morpilological cheracteristics were noted.
The microsclerotial fornation in the S1 biotype wes predominant et a temp-
erature range of 18 to 22 degrees C and the mycelial growth in this bdic-
type increzsed with the higlier temperatures. This concurs with Wilhelm's
findings (59) on cultures producirg microsclerotia. The other two bio-

tynes apneared consistent in their morpholojgical cheracteristics throuch-

out the terperature range of this study.



Effect of Cultural Kedia :

To determine if certzin biotypes, naaely S1, S2, and S3, are
stable it is only necessary to plate them out on a series of various
s;nthetic ard natural infusion medies. If the biotymes retein their
characteristics under tliiese treztments, their stzbility is indiccted.

The following ere the gross general choracteristics of the three
biot;pes, noted throughout the series of cultursl zedia tests.

S1 - Swollen, closely septzte darkened mycelium wiich at first contains
meny o0il guttules but tnese tend to disarpear as the individual

CHL—
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cells enlarzge. The cells becoume alrost sphefical in ghave, th
walled 2und tend to hecp into secvarate comact black masses called
sclerotia. The mycelium is ¢reyish in color.

S2 - The distinguishing chorecteristic of this biotype is tue snowy
wailte fluffy mycelisl ¢rowth.

S3 - The mycelium is anpressed to the nedia and forws anastonosing
ribtbons with scattered zerial s rrenata throuwgh the colony. The
colony is waxy in =p-ezrance znd becoumes wrizkled or buckled and
¢ives off a yeast-like odor. The wriritling radistes from the
center or source of inoculum to tre outer edie of the colony,

The cultural media consisted of melt extr=ct, corn mezl, lima bean,

ozt, potato-dextrose, vrune, Cgmberlpni black raspberry, and Latran

red raspberry leaf infusion. All rnedia were solidified in 2 ner cent
asar. Tre Vertiecillium bilot;res were incubated at their aporoximate

optinum ter.peretures, nemely, S1 - 22 C, S2 - 24 C, axd S3 - 26 C.
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Each culturel media had four replications for esch biotime.

The Verticillium biotypes were czpable of growing on all the
nedia tested =nd did not lose thelr incividual idertity over thi
renge of eizint cultursl medias. However, differences in the zrount
of growth were observed es shown in Firmre €. These differerces are

recorded in Table VIII.

]

g
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VIII

Growtn of tiae Verticillium 3Biot:mes on Different Culturzl lledia

CULIURAL 1 2onT/ PoCl 1IN BONCORI A OGN
Corn llezl 51, s2 s3

Lima Bean S1 S2 S3

relt Extract S1, 52, S3
Oat 51, €2 S3

Potato-Cextrese S3 Si, S2
Prune S1, S2, S3

Cumberlend Inf. 51, S S3

Latiem Inf. S1 S2 S3

Tne cdata rresented in the above table are of value for the

=

selection of redia desirable for growing large gquantities of a given
vlotype. Suen quantities are useiul for ress inoculation studies of
plents znd Petri-dish seecing.

Zimm (60) revorted thet oat z;er gave the best production of

nicrosclerotia wirtich is contrary to the findings of this stucdy. This

cifrererce provably results from tie use of different biot pes.



FICTRE 6

Variations in ¢rowth of tne three biot;pes SI1,

S2, end S3 &8s irfluenced by different culture media.
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Effect of Acllity

Heenceler (20) reported that keening the soil pH as low as
vossible reduced develorment of the Verticillium wilt or:seniem in
the s0il, He trected disezsed soil plots for four ;errs, one series
with sulfur and the otier with lime. The results irdiceted tha
artificiel acidification will reduce severity of wilt, but can not
ve offered as a practical reans of control on soils. Thae limed plots
grectly increcsed tlie wilt infection over tre four year test period.
In the laborztory cultures, Hzenseler noted little growth 2t or below
pH 4.0, end best growth irom pH £.0 4o »¥E 8.0

An gcidity study on tre Vertieilliwn orgenism wes mzde in tre
laboratory. The technique civen by Rawlins (L2) for sclid media
2cidity study wes followed. It consists simmly of sdjusting the melt

extract media before and after sterilization using a2 1 normzl solution

of nhydrochloric a2cid for low pi =2nd a 1 normal solution of sodium hydroxiie

"

for & hizh pE. The »H vzlue was constantly checled withl the aid of the
Secitmen pH reter. Thue pi rernce used wes 4.0, 5.5, 6.5, 7.0, 8.0, and
9.0C.

Orly tlhe Verticillium tiotyope S2 was used beczuse of 1ts easily
recognized growth, uniform inoculum, and in tri=l experimzents it was
'noted that this biotype had the greates effect on a2lteration of p¥ in
the media.

The results obtained are illustrated in Figure 7 and concur par-

tizlly with tihose found by Haenseler. There wos no appreciable growth






Growth of Vexrticillium glbo-ztrun, biot;me 52 as

~

aifected by thre zcidity of the media,
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2t a pH k.0 end the optimum wes 2t 2 o 8.0. Eowever, two ovtimums
vere noted, meinly at tH 5.5 and at o2 C.0. The resson for this
phenomencn 1s uniznown but tlhe lower moy be an edeptation to the pH

of cell szp wiich in most olant species is zbout H.5.
Another leborztory study wes node on the alterzstion of the H-ion

concentrztion by tre Verticillium biotypmes in the presence of different

fermentable sugars. This study waes a continuation of the gas vroduction

experiment described vreoviously on Page 40. Tie results of tuis stuvdy

are recorded in Table IX.

TAZLE IX
The cuenze 1In H-ion concentration resulting from tre growth of Verticilliunm

biotywes on nutrient broth with the addition of verious sugars,

SUCAR ADDED S1 52 S3 Control
pH jois ekt ho:!
Dextrose T.52 £.10 7.65 6.5
Gelactose 8.12 2,22 8.35 6.5
Lzctose 8.18 8.15 £.20 £.55
“altose .10 7.51 7.91 6.55
Saccharose 7.76 7.5 T.53 6.55
Suerose 7.61 7.71 7.70 6.55
Tone .31 8.33 5,148 6.55

Trom the above table it con be concluded tlat all three biotypes
have the-ability of decreasing tlie H-ion conce:ntration of the broth.

In tliese studies it was noted tizt the fungus had ain opiimwa growti

et a2 pd of 8.0 and the fungus hes the ability to change the media to
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sult its optimum reguiresents. Tiie S2 biotype seeus to Lave ill.e nmost

effect on altering the I of the mella.
Enzyne Activity

Crabil and Recd (12) developed a method to show the presence
and action of products of cellular activity upon substances incorpo-
rated in thin layers of agar in Petirl plates., They used a standard
stock solution consisting of magnesium sulfate 0.5 gm., potassium
acid phosphate 1.0 gm., potassium chloride 0.5 gm,, ferrous sulfate
0.01 gm., &gar 20.0 gn., and 1,000 ml, of distilled water. This
stock solution conteained no carbolhyydrate nutrients and consequently
supported little fungal growth. By adding substances requiring spe-
cific enzyues for hydrolysis, the various enzymes produced could be
determined.

Bewley (6) by using methods corresponding to those of Crabil and
Reed showed that Verticillium glbo-gtrum, isoclated from tomato, was
capable of producing the following enzymes., They are amidase, amy-
lase, emulsin, erepsin, inulase, lipase, and protease.

The report of a similar study follows. BHowever, tcsts were in-
cluded only for amylase, inulase, and protease. The three biotypes
S1,5 2, and S 3 used in this stuly are shown in figure 8.

1. Anylese Test

To 500 ml. of stock solution, 10 gm. of corn starch, dissolved
in a 1littls cold water, was added. This gives a clear white substra-
tum in which the starch is suspended, This media was autoclaved and

pourcd directly into sterilized Petri plates, The plates were sceded
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Variations in ;rowih of viotypes S1, S2, and

S3 on different rnediz su_(esting enzyme production

suitable fer different carbohjdrates.
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irdivideelly with each of the three Tiotimes of Verticillium. The
vletes were ithen incudated at the optimm termerature Ior the biot;me
contsined

If a readily diffusivle extracelluler amylese 1s nroduced, the
starch is hydrolyzed and tiie spece surroundin- the fun us coloxny is

cle~r, givinz a halo-=like effect.

Tre Verticillium biot;mes S1, 52, =zxrd S3 vere canzble of grow-
ing on this nedia. Thie S2 blotyve produced the clearest and largest
nalo thus indicating a greater production of anylese.

Ze Protease Test

The media for this test consisted of 1.0 ;m. of ground wieat
seed added to a liter of stoci solution meking & .1 ver cent wheat
grain media contzinirg nrotein. ITollowins z similar laboratory
teclinique as used avove, this study w=s carried on. If trhe funzus
grows on this media and dissolves the wikezt varticle 1t is szid to
produce protease, All thrce hiciynes tested grew well on this media
=s illustrated in Figure &,

However, wvnezt orzins contain carbolydraties and other foods in
a2ddition to proteins., Trerefore, funsus growth does not identify »nro-
tcase urless protein n7drolysis is ascerteired. Viswel exznmination

rdicated trat the wheat porticles were 2lmost entirely utilized
stron: 1y irndicating protrecse.

5. Invlase Test

To a liter of stock solution, onre-half granm ¢f pure inulin was



added, Inulin is eolurble in hot weter sxé cousequently <issolves
diriny steriliretion. The thiree Tioiynes were seeded 2nd tested as
previously cescrided.

The iruvlin incorporated in the mefia is hydrolyzed to reducing
susars, and a2s such ney be uwtilized by the fungus. The evidence of
the ebility of the orzanism to cdissolve invlin is discerned only by
tre amount of growth occcurring.

Tie 52 224 53 bilot;wes crew well on ithis netia. Iowever, tlhe
S1 tiotyme proiuced only a few wrcelisl strands, indicating a wesk

production of irulzse.
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CCITOL LEASURE

After a complete review of the literature on the Verticillium wilt
problem in raspverries, it avnears taat tle control consists mainly in pre-
vention of irfection in the future planting ratrer than effecting a cure
in #n established vlcntation.

Lhe fungus is believed to thirive in tiae soil as a saprophyte on
tie remains of plent parts., T:is fact was substantisted by the following
test. Snzll nieces of lezves arnd cores of seven varieties of blaclz and
red raspuerries were sterilized in oronyliene oxide vapors (22), then mized
with 2 per cent sierilized zgar and ploted. The three bloyrwes S1, 52,
and 53 were sceded, with four replicstions, to each variety of tre resp-
terry incorporated in the media.

At the end of twenty-five cays e relative amount of funsel devel-
coment was used as a criterion of the suitability of each substrate es a
crowti medium. Yo sigmificant differences were noted eitlhier btetween bio-
t:ves or substrate of medium, his indicctes that the cousal or pnisn
can live saprOphytically on tze debris of these comuon vorieties of rasp-
berry.

MeKayr (35) and Zeller (of) reported tihe crop rotetion stuiies of

Verticillium glho—itrum. Their trizls ircicated that a tiree or four year

rotation with two to tiwree non-susceptible interveining crops, mostly
crains, wes effective in greatly elimincting the fungus from the scil.

}Mileg and Persons (37) renorted thot tre heavier sodincuinry cud

211luvizl soils were more favorzble to tlie disease than tle sculy solls.



Bewley (5 aund 0), Leyendecizer (32), and SherbaksTf (L) supsort ile save
view that ti.e heavier soils are favorable to the spread znd propsgation
of the fimzus. A possible reason for the grezter prevzlence of Verti-
cillium in lLeavier soils is they are betier supnlied with plant nutrients
and Liuzus to nourish sapropiptic fungl, and azre neuiral to a2lizline in
nzture wiich is a reauireuent for best Verticilliwi .rowtl.

Avart from utilization of fenetic resistarce most of tiie recent
investi ztions on Verticillium control have been directed at tre scil,
Ke;worth (2¢) has recoxsended removzl of the soil from an infected area
to 2 denth of three feet. Wilhelm (£1) found that on the wiole ile zero
to twelve inch devnths of tlhie soill contained three to four times nore in-
festation then the lower depths. Inferietion on the denth of funyus
pernetration is essential before efficient vse can te mzde of soil fumisn~nts.

Richerdson (4L) tested many fungicldes aainst Verticilliwm elbo-—

L mercuric chloride as o soil
drench. This did retzrd t:e disezse development but <id rnot completely
srevent it and was not comiercizlly feasidle. Carrett (18) and Keyworth
(2¢) workire with dovs, reported the use of 2 ver cent formalin es a
erradicant for siall outbreclis of the disemse in a plantation. Young (64)
noted thet soil fumigation with'chloronicrin or cerbon bisulfide delayed
the develonment of the disezse and reducel itlhie incidence of wilted nlants,
Snitin (50) sreatly reduced cotton wilt usizn: ethylene dibvromide. Fowever,

he &lso reduced the nemztode povulation with this chemiczl wiick may be a

contribputing factor to the incidence of the wilt dise=se.
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Another nrezns of corntrol mey vossitly be that of liost rutrition.

rellecly (174 usins s=nd-d drin culiture tecimioue rerortel ithot an incres
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talanced solutioans only the low altro-en decre~ced tlie irnciisnce of dice-ce
Nelson (3¢) noted that inecrensin< nitrec en ircroved tle srowth of mint witl
no increase in wilt.

Varietel resistzrice studies were used to cdeteruire

the comion varieties were vossidly ianune to atizclz by the Verticillimn

orenisn, e varieties tested were Lazthem, Indiza Swiwer, Chief, St.

5]
2}

and Cutnvert red rasnherries s:.2 tle Cunberland and Morrison blaciz rasp-—
berries. All tilese verietics vere suscentible to the 1solates of Verti-

cilliwm albo-atrum, owever, iviie izcrbstion veriod Jor tle sgrmmtnmus wos

v lonest with the Letinza red resprerry variety,.
inal econo.ic crop beceuse yields are ot
conuensurate witl. orices received and tie costs iacurred witlh crowing the
crop.

Low yieldas are frecuently troced to disense end insects, cid certainly

o

the Verticiliiua if present contridutes additiornally to low yi=2lds - in Izet,

it con be the contriluiting facltor to vroctically & cocmlete crop loss. As

costs a2re alreald;” -

econonically feasitle s0il treatments are neeled.
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strains of Verticillium attacizing Solarscedus crons are also vathcoenie
to rasmberry. Therefore, tlie one vrecaution tint is definitely incicsted

is to avoid precedin; raspberries with Sol

is not well unferstood by growers a2:d apnears to be t

e crincipal source

of infecticn in Berrien County.

e sytmtous of the disease are obscure zund confused with soil
deficiencies. To wiat extent the ciseesse is surezd ;7 mursery stociz is
rot clear. However, 3enrett (2) ircicated thet nursery stock was fesponsi-
zle in wmany cases for he traced irfections to new nlentingss not vnreceded
by tomatoes or potatoes. This neels additioral study but is certzinly
worth every preczution b ¢rowers to avoid vropzsation from vossibly in-
fected materizl.

Biolegica2l control ty antagconistic cover crops have not been
indicated for Verticilliun on rassbverry, but rotations usins crasses
hzve cleared the soll of the or.enism to llow further orofitable notato

production, Tais wethod is zlso incdiceted for rasplberry as the saune

or;enisn is involved.



CHAPTER XI

to black and red raspberries,

Three constant blotiypes of tie Verticillium fuw us were ilsolated.
They are S 1 (uicrosclersila doulnant), S 2 (fluffy cyeelium), znd S 3
(appreceed igeelium), All tihree tiotypes were pathogenic to raspoerry
with the § 1 «ud S 3 bioi;res being the more potent.

The syuptoms of the cdisecse on 'black and red raspberries are
fully described. The genercl symptoms of yellowing and droopirg of
the lezves progressing from the base upwards is characteristic of both
species investigated.

Root studies on dlsezsed red raspberry showed that some of the
sucker plants mey be entirely free of infection and the amount of sucker—
irg is reduced as a result ci the disease,

Hethods of suricce sterilization prelininary to isolation of the
fungus zre couparede. Chlorazene or sodium hypochlorite avpecred satis—
factory and a series of water rinses were used with success in root
studies., Single-conidiel isolation was accorplisked from dilution plates
of thinly cprezd agar.

Plant inoculations were accomplished in the roots with and without
wounding but in the canes only through wounds.

Experiments on the mechanism of wilting indicoted that the tox

theory is the most plausille.



Li bt was necesgsary for toxin production and it is believed that
this study is the first to show th=t light activates the toxin in the
substratum ratoer than within the tissues of the fungus.

Ultra~filtreation ol toxins indicated that they may be composed
of ccmplexes of severazl compourds of different molecular size as the
filtrate was less toxic than the originel solution. From tuhis it was
postulated that there was a partlal absorption of to:dn perticles by
the filter pad.

The effect of terpersture, cultursl media, acidity, end possible
enzyme activity were studied using the three biotypes isolated. OptiJ
muﬁ temperatures ranged from 22 to 28 degrees centigrade, with the
higher teuperatures accorded to the S 3 bilotype. Malt extract and
potato~dextrose agar afforded the most growth when compared with corn
mesl, lima bean, oat, prure, Cumberland leaf infusion, and Latham leaf
infusion.

Two optimum acidity requirements were indicated at pH 5.5 and 8,
The blotypes had the property of changing an ecid media to a more alka—
line state, which more nearly suited thelr optimum requirementse

It was indicated that all threé of the enzymes, amylase, inulase
and protease were produced. Althoush the S1 bi&type appeared to pro-
duce less inulase,

Crop rotations of raspberry following Solanaccous plants were
conducive to the disease and should be avoided. No other practicel

control measures were indicated as far as studled,

70.
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