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Verticillium wilt of cotton has become one of the most serious disease
problems of the irrigated asgricultural regions of the west and the south-
western part of the cotion belts Within this region of alkaline soils there
h&wmawmdmmquammmmmm
Jourse

fvidence that the pathogen can be itransmitied to new locations has
been obitzined in several places. One instance that may be cited occurred at
the United States Field Station at Sacaton, Arizona. during the swmer of
1948.1  Vorticilliua wilt had not been observed during 36 previous yeers of
cotton bLreeding and testing. Wilt firsi occurred in two isolated areas of
a.rccmmblwkoflmdmmmmmmuagcotmuﬂeﬁes.
Gottanmiforatlaasttimmpreﬂm-msm.mfmm%ﬂfmtad
fields of both Califormia and New Mexdico,

Preliminary lsolation and greenhouse studies by Le.A. Drinkerhoff have
established the presence of the pathogen in dry infested leaf tissue and the
ability of this tlsoue to transuit the pathogen.? Leaves msy be widely spread
by wind, irrigation and rain water, and probably on agricultural implements,
and might well constitute an importent factor in the rapid build-up of the dis-
ease in the westem cotton growing area.

The pwrpose of the following investigation was to substentiate Drinker—
hoff's experiments with dry leaves, obtain data on the effect of aging and
dessication of infested leaves, and histologically study infested leaf material.

1 1, A. Brinkerhoff. Unpublished data.
2 Thid,



LITERATURE REVIEW

istory and Distributione~~The Verticilliuwm wilt fungus, Verbicilliwm
albo-airws Reinke and Berth,, and i%s related forms are wide-spread vascular
parasites. Although the pathogen was first described and named in 1879 (108)
its pathogenicity on the cotton plant (Uossypium spp.) was wnknown within the
Undited States until Carpenter (3) in 191l discovered two diseased cotton
plants at Arlington, Virginia which yielded pure cultures of the fungus.

Verticillium wilt of cotton apparently was not again considered as a
disease of cotbon until 1927 when Shapalov and Rudolph (21) reported it in
a field near Wasco, Californies. They postulated the introduction of the
fungus by means of seed potatoes which had been planted and plowed under just

prior to the planting of the cotiton. From this first occurrence of the wilt
pathogen a rapid spread was noted, By 1930 Vertielllium infestations were
observed in four counties of the Sen Joaquin valley (9)« In a survey by
Harrisen and Brinkerhoff (8) in 1946, the disease was found tc be widely dis-
placed the amount of infection at 20 per cent and economdc losses caused by
the pathogen from 5 to 20 per cent.

In lew Mexdco, Verticillium wilt is now considered the most important
cotton disease in the state (5). As in other wostern states, a very rapid
increase in the amount of infection has been noted.

Verticillium wilt of cotton in Okilshoma was first reported in 1932 (10).
leLeughlin (15) isolated V. albo-atyum from diseased plants from Geary and
Hangum, Oklshoma, Other reports (12) have located the disease in Johnson and
#illman counties,



£y

a
&

it}

2005

T

6)y x

<

Q
o
o
A

a Moy

1N tiv]

IS reH

11025

A

¥

L

3

I's
5.

%
- Qn!.. g

i
ety
o
)

=
o

.CT

.

by

B ;"
1 ke
Ll L

=

s

4 =
[Ses
ex ey

281
o0

ks

o ]
EAR RSN

oy
(&53

{5

§
A

)

i3

ol

Sy

i

Nowth

10

LR

]

o~y
L Y

1=

28 ORI Sk

3

A

10

T
F L

T

CEAYREL
L N

el i

G

Yo ]
BOLD N

]

SUEE

iy

o
wde ’EJ’L

2
5

2Ty
S

¥

H

W

Isle)
Lo

e

L
o

iy

; 9t

F
=

w

8
L

N

3y

By
o

3175

D58

a iy

E

e

N
‘

7L

L

ESS

s d

e
Ev)

r""? =,

LR

¥
y

*
s
i

A%

3 e

AN

PR EEAS

)

&

Uy

£
f=4

;

LT

Var

Lz
Iy

]

(:3

Ta

W

O

B QU LN

fy e
N

113
P
& oa®

. o
R
PG A PRy

s

e
U

-
P S
e

i

TRCLL

.

51}

AR

473 ZONA




i

3
IRAW

«ip.

.
A

LU

i

3

TES)

)

L=

~
b

eyl

@
e

Al

2

ML L

¥
X

K
o

H
s 2

"
BF)

2 W

oWkl
Y

g
bl

Gruels

S -
ok

L5

A e

.k W

gy
2587

ia-«

238,

%

e
53

S §1

o

e ryey ey ey
B OTLGAL

]

RN S
RES S RN



tions to eliminate any chance of seed-borme infection, Presley studied further
ocewrrence of the disease in the vallsy, and concluded that infection resulted
from the indigenous occuwrrence of the pathogen.

Hansford (7), from his observations on the spontaneous oceurrence of the
disease on first-cropped land, concluded also that V, alboeatrum must be indi~
genous to certain soils in Uganda. In 1938 he reported 90 per cent infection
of cotton arops when planted for the first time. :

Seed dissemination, both inte:mal and external, has been proven in
tomatoes and eggplants {11)s Transmission of the fungus by infested potato
tubers also occurs, hen crops such as these are used in crop rotations,
introduction of the fungus may occurs

Pathological IHistolopye—— Few histological studies have been made on
Verticillium wilt infosted plants, Reinke and Berthold (18) demonstrated the
fungus hyphae within the vaseular and parenciyma tissues of the potato plants
The presence of microsclerotisl forms of the fungus were shown as they oc=
curred in the vascular clements. Carpenter (3) demonstrated V. albo-airun
within the tissues of olkra plants. Both of these works showed hyphae of swole-
len and sbnormel forms, Neither of them showed the characteristic verticil-
mmhmm-&mmwamwmmaﬁumu

The pathological histology of Verticilliwm wilt of cotbon has nob boen
reported in the literatures



METTIODS AND MATERIALS

Greenhouse experimentg.~-It has been reported that optimum soil tempera-
mmﬂwﬂw&mhmmhﬁ%mmuhmmﬂtﬁ?JmTSmywsmMWMN,

and that above 86 degrees the disease is inhibited (13)s In order to deter-
mine if temperaiures were favorable for the experiments reported herein, a

d by a thermographes Table
1 lists the weekly maximumm and minimm means for the duration of the experie

continuous record of soil temperatwres was obila

ments. On several occasions the temperature execseded 86 degress, bui never
renained above that for more than four hours, As can be seen in Table 1,
temperatures were close to the opiimm for the most part.

Table 1l Creenhouse seil temperatures for winter 19h0-h9. teeldly means
recorded in degrees Fahrenheit.
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In order to determine whether leaves can disseminate Ve albo-atrum,
and to investigate conditions which affect the fungus in the leaf, a serdes of
greenhouse experiments was initlated in lovember of 1948, These experiments
are briefly ocutlined as follows: (1) addition of infested leaf material to
sterilized soil prior to planting; (2) injeetion of microscopic particles of






at room temperatures in paper sacks under dry conditions.

The first experiment was designed to determine whether dry infested
cotton leaves could transmit Verticilliwm wilt to wninfected plants. For
this planting £ifty 1/2 gallon glazed pots were cleansd and disinfested
with a mevcurle chloride solution, A heavy clay-loam so0il mixed with well
m%edmmthafﬂﬁaa&dm.abmsmmrwmhme,mw'
to the potss IHydrated lime was added to the sterilised soil-manure mixiture
to give an initial pH of 8.2,

Six leaf sources (mumbers 1, 2, 3, by 6, and 7 as iisted above), two
stem sources, one inoculated control, and one uninoculated conirol, consti--
tuted the planting, The 10 treatments were randomized and each replicated
five times. The leaf blades wore separated from the peticles, crushed, and
spread in an even layer at a depth of two inches below the surface of the
soil. qual amounts of leaf material were wedghed for each replication of
a gingle gource, Depending on the amount of leal materdal available,; the
amownt used varied. Table 2 lists the amount of leaf material used, The
first stem sowrce was cub into two inch sections and arranged radially in
the pots at a depth of two inches. The second siem source was ocut into fine
shavings and spread at the same depth. TFor the inoculated contrel, an agar
slant of & two weeks growth of the fungus was added to the s0il at the same
depth as the plant materisl, Immediately after the addition of these mater-
ials to the pois, four seeds per pot of a susceptible cotbton variety, Acala
Houndboll, were planted, These seed were grown in an area that was knomm to
be free of the Verticilliwa wilt fungus. CGermination was good and the nun-
ber of seedlings was reduced to one per pots



Table 2. Amount and source of Verticillium wilt infested cotton
plant material added to pots in experiment l.

Ieafl Sources Stem Sources
1 2 3 k 6 7 8 9
Amount in

Zrans - AUEEE GRRcs W S R et Sl WA -

The second greenhouse infection experiment was set wp in order Lo de-
termine the effect of longevity and dessication upom pathogen within the leafs
Since there are varicus ways in which dry leaves can be shatitered and broken
into small fraguents in the field, it was folt that a mowledge of the effect
of severe grinding of the infested tissue was desirable.

Forty G-inch clay pots wers cleaned, disinfested and filled with seil
in the same maymer as in experiment l. Disease-free sseds were planted on
ovenber 20, 1948. The plants made nomal growth and seedlings were reduced
to one per pote Uix leaf sources were used, mubers 1, 2, 3, Ly 5, @l 6 ax
listed above. Under aseptic conditions a quantity of leaf tissue from each
source was thoroughly pulverized with a mortar and pestle. GHach source was
stored in a separate test tube at room temperatures uniil the date of in-
Jeetion.

Just prior to the injection of the ground tigsue into the plants, the
dry material was sifted through fowr thicknesses of cheesecloth. A suspension
in sterile water was prepared using 0.5 gram of leaf tissue to 10 ml. water,
Injection into the plant was made with & Berton, Dickinson Veberinary syringe
equipped with a 20 gauge Yale-Type needle. The needle was inserted into the
stem at about a l5-degree angle at the soil line., To reduce the possibility



of contaminatiog the sterile water controls were injected irst. DBetween
eaehaeﬂesatiujwﬁmtbmimmdmaﬂowmﬂmmmm
water and sterilized with 95 per cent etiyl aleohol. A series of check plants
was injected with a water suspension of a pure cultwre of V. albo-atium,
prepared by mixing one agar slant with 200 ml. of water, in a Waring Blender,
and straining through eight thicknesses of cheesecloth. Approximately ome
mi11iliter of both the cultwre inoculuws and leaf material wes injected into
each of the plants, Figure 1 is a photamicrograph of the suspension of leaf
material.

The pithy interior of the plant stem had become woody and toughened =o
that injection was very difficult. Also the needle used for injection con-
vinually became clogged, so that there was a question as to whether leaf par-
ticles wore actually introduced into all of the plantss 4 different techmnique
wWas attempted some ten weeks later in the hope that more consistent results
could be obtaineds The grownd leaf material, which had besn stored in plugged
test tubas at reom temperaiures was used. A V-ghaped cut was made at the
base of the stem of plants showing no sympioms from the previous injectiong
this allowed a flap to be pried away from the stem, #ith a fine-pointed pair
of forceps 2 s=all pinch of the ground leaf inoculum was placed in the exposed
woody cylinder. The flap was replaced and bound tightly with several layers
of friction tape.

The third greenhouse experiment was undertaken to determine 1f infested
leaf materdial carried on the fuzz of cotton seed is able to transmit Verticil-
lium wilte Five leaf sources (mumbers 1, 3, ki, 5, and 6 as listed above) and
one uninoculabted control were used. Again the leaf sources were randowized
and each replicated five times. Thirty clean, disinfested pots were fiNed with



goil as in experiment 1 except that ground limestone (one per cent by weight)
was used in place of hydrated lime. Very small pieces of the leoaf tissus were
atbtached to the lint of the cotion seed just prior to planting, In replica=-
tions 1, 2, and 3, small pieces from the petiole~blade junction were attached,
and in replications l; and 5, pieces of the blade proper were used, By moisten-
ing the seed, the particles adhered to the fuzs., This planting was made on

Sarly in Jamavy, 1949, this experiment was repecteds The new pots of
soil were sterilized by awtoclaving at 15 pounds pressure for two howrs. In-
stead of using the old leaf sources, infected leaves from experimeni 1 were
used as a source of inoculum. The mothod of abbachment of the leaf particles
was sivdlar o the first planting. The scil, a fertile sandy type, was not
packed tightly in the potse Live was not added since the original soil reac-
potss On o occdsions fredly sutoclaved soll was added to the pots to maine
tain the soil at the top of the potse

Isolatdon studies.~=Prior to using the leaf sources listed previously
for the greemhouse infection tests, laboratory iselation studies were made
in an attempt to determine whether the fungus was viable, and in what part
of the plant it ocowrred most frequently.

Pure cultures were obtained more easily and consistently from fresh roob
and stems rather than from leaves or dry plant material., Isolations {rom young
gbems were made by peeling the bark from a one~half inch length of tissue with
sterile forceps and sealpel, dipping into a 1:10 solution of sodium hypo=
cllorife (Uhlorox) for five to ten seconds and planting on potato-dextrose
agar slants. With large stem seetions, a smell block of the discolored



Zylem was cub away with a sterile scalpel, surface steriliged and planted on
the azar.

Izclation of the fungus from leaf meterial was more difficulte Two gen-
eral aveas of the leaf were used for the lsolations, Une, the junction of the
leaf blade with the petiocle, whore there is & maximum of vascular iissue; and
two, yellowad and necrotic areas of the leaf blade propers

First isolations were attespted on the dry leaf sources listed previously
which were firom one to thirteen months old, Surface sterilization of the tis~
sue was acconprlished by imsersing in 95 per cent ethyl alcochol followed by
dipping in a 1:10 solution of (hlorox. The alcohol immersion seemed to facili-
tate a thorough wettbing of the margins of the tissue, and gave a better
liquids varied with the general size and condition of the tissue, but usually
S te 10 seconds in the alechol followed by 30 o L5 seconds in the Chlorox
solution proved satisfactory.

For isolation from the ground tissue used in the second gresnhouse axe—
periment, a sterilized naturel medium as described by fansen and Smyder (6)
was uoed, Trestment of the straw for 24 hours with propylene oxide at the rate
of 1 ml, per liter capacity of the container sterilized the tissue., Approx-
inmataly 15 nls wabter agar and 0.2 pae of zrownd straw were used for each
petrl dish, This method eliminated the necessity for surface sterilization,
of isolation is designed to reduce contamination, many different fungi were
evident, maldng it difficult to obtain ¥, albo-atrum in pure culture.

In 211 cages of infection in the greenhouse experiments, positive iden-
tification of the causal organism was made by isolation of the fungus from the
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diseased plunts. These isolations were all from stem seetions as described

thologieal £ material from ome infected plant of ex=
periment 1 which had shown severe wilt sympious was sslscted for sectioninge
The leaf, wihich had been killed by the disease, was stored in a paper sack and

The tissue was fixed in FFA solution for 48 hourss It was then passod
- The material was subjected to a vacuum for a short time to remove air from
the tissues before adding the pareffin. A Semperature of 55 degrees Cs was
maintained for imbedding in the paraffin blockses A rotary microtome was
used {or the sectioning,

After fixing the ribbons, the paraffin was dissolved from the sections
m-w&@tmﬁm.mﬁmmtﬂmhﬂmfmdhohm&a—
factory steins, Safranin digsolved in 50 per cent aleohol, and light green
dissolved in clove oil gave better results however. The slides remained in
safranin 12 houwrs and were then passed into xylol after whiich light green was
applieds The light green destained the safranin, and was in twmn destained by
pure clove oil. I% was then put into Xylol and mounted in nevillite.

Leaves from healthy plmmis as well as leaves from infected plants grown
in sterile soil and inoculated by a pure culture injection were sectioned by
the free-hand methods The sections were stained with acid fuchsin,
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fection of new loaves was coxmon. CGeneral stunting of the affected plants oe-
curred. Figuwe 2 shows a typical infected plant as compared with an wninocu=
lated control. In all replications the uninoeuwlated controls remeined healthys

Table 3., Iwaber of plants of five single plant replicates infected
by ¥, albo-atrum at monthly intervals in experiment l.

1 1 0 3 o L

2 0 0 3 0 3

g 0 0 0 3 3

2 2 0 1 5

G 0 0 p 2 3

7 0 g 0 0 5

ga 2 1 1 0 4

92 1 0 1 ¢} 2

10P 1 0 2 0 3

11°¢ 0 0 0 0 )
planis ine

fected 1L 16 22 12 6l

The results of experiment 2 determining the wisbility of the fungus in
the crushed leal material are ghown in Table L. The experiment was termin-
ated on May 27, 1949. ALl of the plants wer: cut at the base of the stem and
inspected for typical discoloration. #dthin the area of injection on most
plants a very black discoloration wis commm, extending up and dowm froa the
injection point a distance of 2 10 5 centimeters, These plants were not con-
sidered to be infected with Vertieillimm wilt,

Pollowing the sécond inoculations a btendency for the womds to dry fally
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Fhotomicrograph of crushed dry,
cotton leaf material in water. x210.
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A cotton plant (right) showing typical
Verticillium wilt sympions, Isft, a
healthy control plant,
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Fige 3¢ licrosclerotia of V. albo-atrum grown
on potato-dextrose agare X2LT0e
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Ay attamt oo ascowd for tha dlssennation or ooowrionoe of the Voride
eildun W1 pathogen §s difflonlt dw to ite wide host range, and the aillty
of the funms to Tesaln vidble in tho s0il for grest lengthe of timne

Pt ddbets 19 constdared as one of the Soot Somnn msans of dfoperine
atlon. Although % 1o balleved by sowe workors thab the fungus dlen fxirly
ropidly aftor frosy in tho above ground parts of the Hlant, Lt has tomn dewme
vishle for ovar & your, ot lsast in the loaf tissua, Oraghing the leal pare
tieles into mml) frogeonts does sol myear Bo inactdvate the Dmgus, although
fron the tests comrdoved in this dnvostloasion tio infoctive wdidty of ouh
mabaria) sosss to bo denmends Cultdwating cotton aftar disoased plavts
rave ahor! lsavss wniid soan %o be o methed of rmddly inoreasing infoctic: in
am

Although intamel ad exbernal infestation of cotton secd hag Loon Toe
Mﬁtmmm-m«rmhmwuﬂh
In an emminetion of rezinoed cotton seed during thde dnvestizdion, o lasge
sbor of loal and brect particlos were fomnd, By artificially infesting the
fonsod seod in Meosso-frec oofl and later cbewwing dissased vlmnise

Frobably s00d vnemisedon of Je alteatrun 1n o 0l i3 of wsuawn
otowTenpe, il 1t ootwrne [bwevar, tils fuvestigation hos demonstrated that
hmwmmmmwa:m”dmwmm
that thope pasticdes v oapable of transdtting tho fgus whon planted



27

with seed in sterile soil, The introduction of the fungus to a new area by
even one sead could possibly be responsible for serious outbreaks in follow-
ing years.

Dalinting cotton seed as a means of eliminating Vertieillium infested
plant debris wmight be wortlhy of investigation, espscially where seed is being
shipped from heavily infosted areas to non-infested areas., Also the possibil-
ity of control by disinfectant dusts might be considered.
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SURHARY AND CONCLUSIONS

Sxperiments dealing with the occurrence of Verticilliwm albo-sirws
%, and B, in infested cotion leaves have been completed, By laboratory iso-
lation and hMistological siudies, the presence, location and morphology
of the fungus within the leaf have been determined. ith dry leaves the fungus
was most readily isclated from the vascular area at the Jjunction of the petiole
with the leaf blade, but it was also possible to isolate it from the midrib
and lateral veins of the leafi, As far as could be determined the fungus was

confined to the vessels of the vascular systen in the petioles and leaves,
In dry leaf tissuo the fungus hyphae had many swollem and lmotted areas, re-
seubling the sclerotial forms of ¥y albo=gtrum which occur in cultures on syn-
thetic medig.

In greenhouse experiments, infested cobton leaves mixed with the soil
produced the dissase in cotton in 6l per cent of the plants, 5ix leaf sowrces,
varying in age from ons month tc 13 months were used, infections being obtained
from all the sources. OUrushing *he leaves into extromely small particles re-
duced the infective abilibty of the fungus but did not entirely inactivate ity

One plant of 50 became infected with Verticillium wilt following at-
tachment of infested leal particles %o the fuzm of the sesd prior o planting.
In sxamination of commeveial reginned seed wnder a low power microscope, 16
per cent of the seed was found to carry plant particles which were éntangled
with the fuag. These particles, most of which were identified as leafl or bract
m&,mm-w-bQMBafharhoﬂngﬂwm,mdmpmmta
possible means of tranamitting the disease with the planting seed.
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