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INTRODUCTION

Verticillium wilt (Verticillium albo-atrum R, and B,) and soreshin
(Rhizoctonia solani Kuhn) are recognized as two important diseeses of cotton
in the United Stetes. Verticillium wilt is not a&s wide spresd in Cklashoma
es soreshin, but its spread is increasing every year, especizlly in the
irrigeted region of the State,

Due to the importance of these diseases, it is evident that more adeq-
uate control measures should be worked out. There ere some varieties of cotton
which are more tolerant to Verticillium wilt than others, but none are comp-
letely resistent. To develcp resistant varieties requires considerable time,
effort, and expense, and when obtained, the breeder masy be confronied with new
races of the causal orgenism. In view of these difficulties, 2 soil amendment
which would control the organism would be most welcome. Also of importance
would be & soil emendment which would control seedling diseases of cotton.

The purpose of the present investigation was to determine whether a
number of relatively new organic fungicides and certain herbicides might be
of value when used as soil amendments in eontrolling Vertieillium wilt or
soreshin., The chemicals were tested: (1) sgeinst soil borne inoculum, and
(2) against inoculum placed within the plent tissues. The second test was
employed to determine if certain chemicals, when absorbed by cotton plents,
would contrel the test orgenisms when placed in the above ground portions of
the plent. The bucterial blight pathogen, Xanthomonas malvacearum (E.F.S.)

Dowson, end the wilt fungus, V., slbo-atrum were used &s the two test orgenisms,



LITERATURE REVIEW

Intensive effort is now being mede to determine what kinds of chenicals
are effective, and what types of diseases are controllable through the chemot-
herapeutic approach. In particular, virus diseases, systemic bacterial
infections, and the vaescular wilt diseases have been found to yield to cer-
tain chemicels when the latter are applied to the soil, and the plant absorbs
them through its roots,

The definition of chemotherepy e@s it is used in this paper is the one
postulated by Horsfall and Dimond (18), which is as follows: "Chemotherapy is
treatment of the host with a compound so that the aetion of the compound
oceurs inside the host when the host is diseesed. It mey (a) kill the
pathogen as it enters the host, (b) rid the host of an established pathogen,
or (¢) mitigate disease.".

One of the early workers in the field of chemotherapy was Howard (20)
who in 1941 injected 350 meple trees naturally infected with Fhytophthora
cactorum (Leb. and Cohn) Sehroet. (bleeding canker fungus) with di-hydroch-
loride salt of di-emino-azo-benzene. The injected trees exhibited stoppage
of bleeding and merked improvement in vegetative growth. In 1942 Caroselli
and Howard (4) studied the response of maple trees diseased with bleeding
cenker to chemotherepy end fertilization. Their date showed highly signifi-
cant differences between treated and untreated trees., Researeh in 1942 by
Horsfell and Zentmeyer (19), indicated that toxins of the Duteh elm fungus
and Verticillium wilt fungus of eggplent and mople were weakened and pos-
sibly eliminated by internal chemotherepy with 8-hydroxyquinoline sulphate,
urea, dihydrochloride of diamino-benzene, and melachite green. Lvidence was
obtainéd in 1941 and 1942 by Zentmeyer end Horsfall (37) thet 8-hydroxy-

quincline sulfate, hydroquinone, ascocrbic scid, and 8-hydroxyquinoline



when introduced into the vascular system of eggplants &nd maples infected
with Vertieillium wilt, had an ameliorating effect on wilting and disease
advance, The same was true for Duteh elm disease,

The chemical 8~hydroxyquinoline has long been known to have bacter-
iostatic and fungistatic properties and is extensively used ss an antisep=-
tic., The mechanism of action of this chemical has been postulated (35, 36).
The faet that B8-hydroxyquinoline is & useful agent in quantitative analysis
for precipitating maeny minor elanantn'(cu. Mn, Fe, Zn), suggests the theory
that it acts fungistatically by precipitating one or several of these
elements so that the mierocorgenisms cennot use thean,

In 1944 and 1947, Stodderd (27, 29) working with seedl ing peach trees
inoculated with "X" disease by budding, injected chemicels through the cut
upper end of the main stem, In 124 trials p-aminobenzenesulphanilamide, at
various concentrations and under various conditions, r;duced infection to
21 per cent., This chemiceal used at & conecentration of 1-2000, and injected
after inoculation completely prevented infection of 45 trees while the
checks averaged 85 per cent infeection. Stoddard suggested that the inhi-
bitory effects of the chemical on the virus of X diseaese is due to artifi-
ciel immunization. Zentmeyer et al. (38) in 1946 reported that 8-hydroxy-
quinoline benzoate, 8~hydroxyquinoline sulfate, hydroquinone, p-nitro
phenol, benzoic acid, and disodium ethylene bisdithiocarbamate when injected
or watered in basins at the base of the tree were effective as chemothera-
peutents ageinst the Duteh elm fungus. When oxyquinolin benzoete was applied
to the soil as & drench &t concentretions of 0.1, 0.05, 0,026, and 0.0125
per cent for the control of Graphium ulmi Schwarz (28), there resulted a
considerable reduction of wilt symptoms at the higher rates. It is suggested

by Stoddard that the effect of the oxygquinolin benzoate was due to antidoting



the fungus toxin cesusing the wilting and was not due to fungicidal action.

Tekahashi (32) reported in 1948 the inhidbition of virus increase in
living cells by low concentrations of mslachite green. This inhibition
appears to be due to its sction as a block in enzyme reactions leasding to
virus formation. Dimond et al., (9) reported in 1949 that 8-quinoline applied
to the soil suppressed symptoms of Duteh elm disease for one year, In 1949
MeNew and Sundholm (23) reported the chemotherzpeutic value of substituted
pyrazoles and releated compounds against leaf blight of tomatc caused by
Alterneria soleni (Ell. end G. Martin) L. R. Jones and Grout. The two best
chemicals gave 31 and 44 per cent control, It was deduced by these workers
that some of the chemical was taken up by the immersed leaf and transported
to the other leaves, where it provided protection by chemotherapy.

In 1950 Feldmen et al. (15) evalusted chemicals in the laboratory and
greenhouse for their control of Dutch elm disease. "The chemicels thet were
effective against the fungus were tested under natural conditions, Results
were: (1) hydraulic soil impregnation with lime suppressed wilting for at
least one month when soil pH wes meintained at 7.0 or slightly above; (2)
low magnesium lime gave better disease control then high megnesium lime; end
(3) trunk injections of basic chemicals (NaHCOsz, KiCOgz, Ca(CH)p) gave good
control.

Chapmen et @l. (6) reported in 1950 that chemotherapy experiments
conducted in the greenhouse have consistently prevented infection of tamato
plants with Fusarium wilt., The test compound was applied to sand end appar-
ently was absorbed by the plent. Their experiments showed that effective
compounds prevented but did not cure Fusarium wilt of tomstoes.

In 1951 Ceroselli end Feldmean (3) reported thet Carolete and related

formuletions applied by hydrsulic soil impregnetion redused injury from Dutch



elm disease on more then 2,000 woodlot and estate elms, The disease was
arrested in spproximately 70 per cent of the trees for more them 2 years,
These workers suggest that the chenicals were acting fungistatically because
the fungus could be cultured from discolored tissue of trees trested 3 years
previously.

Chapmen (5) reported in 1951 studies on the relation of specifiec
chemotherapeutants applied prior to inoculation. He found that the chemical
must be present in the ares penetrated by the orgenism to be effective.
Tests for zones of inhibition about filter paper dises indiecated that
8-hydroxyquinoline benzoate was not absorbed by cellulosic substances and
moved through the plants to the top. In practice it wes more effective
against the elm twig inveding C. ulmi then against the tomato root invading
Fussrium lycopersici Seecc. In eontrast n-ostadecyliriniethylemmonium
pentechlorophenate was tied up by filter paper and was believed to be simil-
arly held by cellulosic substances in plent roots. It controlled the tomato
Fusarium wilt fungus but not the Duteh elm fungus. Ark (1) in 1951 reported
thaet the sodium sealt of ¢ hydroxydiphenyl had possibilities as a chemotherap-
eutant sgainst certain bacterisl diseases of orchids. V'hen disessed plants
were completely immersed in & 1:2000 solution of the chemicsl for 60 minutes

or longer, successful control of the disease was obtained.

In 1951 Stoddard (30) reported good control with 2-pnorcemphene methanol,
4-chloro-3, S-dimethyl phenozyethencl, end 8-quinolincl sulfate against
Fusarium wilt of cemations. The treatments reduced wilt to £.8, 3.2, and
4.0 per cent respectively, while the checks showed 50.6 per cent. Also in
1951, Dimond &nd Chespmen (8) working with 4-chloro-3, S-dimethylphenoxyethanol,
and 2-norcamphene methanol for control of Fuserium dianthi (Prill. and Del.)

Sny. end Hen., reported results similer to those of Stodderd (30). The



chemicals were also effective against F. lycopersiei.

In 1951 Stoddard (31) reported using disodium ethylene bisdithiocarbamate
(Dithene D-14) for the control of strewberry red stele csused by Fhytophthora
frageriee Hiekman., Units of 10 strawberry plants growing in sand received five
successive applications of Dithene D-14, 1.5 and 0.75 per cent respectively.
The plants were then replanted in infested untreated soil without further
treatment. The higher concentration gave 100 per cent control, and the lower
60 per cent; only 10 per cent of the cheek plants grown in untreated soil
remained healthy.

Crowdy (7) in 1951 testing certain aryloxyaliphetic acids as chemo-
therapeutants against Botrytis fabae Serd. and Botrytis cineree Fers., infected
been plents, showed diminished rate of growth of the lesions on the tresated
plents. 2-4-8-irichlorophenoxyacetic acid, pentachlorophenoxyeecetic acid,
and pentachlorophenoxyisobutyrie seid produced average reductions in disease
of 30-40 per eent. Dimond et al. (10) in 1951 repor ted the effect of dyes in
reterding the development of crown galls. The dyes were used at & concentra-
tion of 0.05 per cent, and none of them prevented gall development, Lowever,
gall size was significantly reduced in tomatoes by hypodermically injected
dyes prior to inoculation.

The remeining portion of this literature review is concerned with soil
smendments applied for the control of soil-borne pathogens of plants, This
review only partially covers the subject.

Wilhelm (34) demonstrated that when blood meal, fish meal, cottonseed
meal, and ammonium sulfate were applied to infested scil in potis, the
inoculum potential of Vertiecillium elbo-etrum was substantially reduced.
Rudolph end Harrison (26) reported that when anhydrous ammonia, emhydrous

emmoniea plus ammonium polysulphide, eyanamid, and sulphur were used on



infested plots for three consecutive years, all feiled to control Verticil=-
lium wilt of cotton, They also reported that sulfate of ammonis &nd e¢arbon
bisulphide failed to conirol the disease,

KeKeen (22) using tetramethylthiuramdisulfide (Arassan) ass & soil treate
ment, found it effective against demping-off of cueumber, pepper, spinesch, and
tomato, although control was more complete when seed and soil trestment with
irasen were combined., Heuberger (17) epplied disodium ethylene bisdithiocar-
bamate (Dithane D-14) to the soil at the rate of 75 pounds per sere and
received better control of dsmping-coff of peas than when tetra c¢hloro-paraben-
zoquinone (Spergon) was used a5 & seed treatment: Disodium ethylene bis-
dithiocarbamate (Dithene D-14), applied as & soil treatment in the planting
row &t the time of seeding, produced marked reduction in the severity of
root rots of bean (21).

Heensler and Moyer (16) greatly reduced seed decay and damping-off with
soil applications of calcium ecyanamide at the rates of 1,000 to 2,000 1bs.
per acre., The same workers reported thet caleium eyanamide used at the rate
of & to 50 1lbs. per aere and applied in close proximity to the seed iumed-
iately before planting, also gave good control of damping-off and seed decay.
Walker and lLarson (33) in greenhouse tests using soil with a pH 8.4 and
épplying ecelcium cyenamide at the rate of 250 1bs. per aere, prevented club-
root infection of ecsbbage plants., The plants in the untreated soil were all
infected.

Nelson (24) using zinc ethylene bisdithiocerbemate (Dithane Z-78) and
tetramethyl thiuremdisulfide (Arasan), diluted 1 to 3 with tale, obtained
good eontrol of onion smut and damping-off. However, when tetramethyl
thiuremdisulfide and formaldehyde were applied to the seed row of soils

heavily infested with onion smut, formaldehyde geve better contrcol than did



irasen. Riker et &l, (25) have reported success in the control of demping-
off of pine seeclings by soil ireatment with calomel. Also soil treatment
with tetramethyl thiuramdisulfide was relatively effective not only against
damping-off but also against many weed seeds and winter injury.

In greemhouse tests in flats the clubroot of eabbage, onion smut, &nd
demping-of{ of vegetable seedlings were controlled by fungicides epplied to
the soil with commercial fertilizer used as a earrier (11). Doran and
Sproston (12) have reported that onion smut was controlled by ferric dimet-
hyldithiocarbamate (Fermate) at the rate of 58 pounds per acre applied to
soil immediastely before seeding., In soil itreated with ferrie dimethyldit-
hiocarbemete, there was only 1 per cent smut, while in the untreated scil
there was 88 per cent. Sodium nitrite applied to soil &t the rate of 4-8
0Z. per sq. yd. four weeks before seeding was effective in controlling

damping~off of lettuce ceused by Rhizoetonia (13).




MATERIALS AND METHODS

Tests of certain chemicals to determine their effectiveness egesinst soilw-

borne inoculum, A heavy elay soil having a pH of 8,0 from Blair, Oklahoma,
was used in the tests. The soil was obtained from a cotton field that had
been heavily infested with Vertieillium wilt the previous season.

The different chemicals used in the tests, their ective prineiples, and
number of applications are indicated in teble 1, The rates at which the
chemicals were used are presented in tables 3, 4, and 5.

TABLE l1.,~ Chenicels used asgainst soil-borne inoculum and ¢ hecked as
possible chemotherapeutants.

——
—

I

% Aetive

Trade Name Aetive Prineiple Frineiple Manufacturer
Aetidione® eycloheximide 100.0 Upjohn
Arasen tetrame thylthiuramdisulfide 50.0 DuFont
Bioguin 700% 8 quinolinol benzoate 100,0 Monsanto
Bioquin 850% 8 hydroxyquinoline sulfate 100.0 do
Dithane Z-78 zinc ethylene bisdithioecarbamate 65.0 Rohm & Haas
Dithane D-14% disodium ethylene bisdithiocarbemete 19.0 do
Dowe B sodium triechlorophenate 50.0 Dow
E. C..) l1e2® noreamphanemeth&anol 100.0 Carbide&Carbon
E. C.? 1207% ehlorodimethylphenoxy ethanol 100.0 do
Fermate ferrie dimethyl dithiccarbamate 76.0 DuFont
Meleic hydrazide® meleiec hydrazide - U, S. Rubber
Mersolite ¥ phenyl mercuric acetate 96.5 F.¥W, Berk
0.% benzoate® 8 hydroxyquinoline benzcate 100.0 Merek
C.% sulfate® 8 hydroxyquinoline sulfate 100.0 Mellinekrodt
Sodium ehlorate sodium chlorate 100.0 Atlas
Systox trialkyl thiophosphate 50.0 Geary
T.C.A. trichloro acetate 20.0 Dow
Zerlate zine dimethyldithioccarbamate 76.0 Dulont

8These chemicals were applied as drenches once a week for six weeks at the rate
of 1 gram per 10,000 grams of soil.

bz, ¢C. designates experimentsl c¢hemical,

C0xyquinoline.

The methods for applying the chemicals were determined by their physiecal

state. The water insoluble powders were mixed thoroughly with all the scil
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in the pot to which they were applied. Two of the chemicals used were in
grenuler form and were water soluble. These were applied in 200 ml. of
water directly to the soil surface., The chemicals in liquid form were alse
diluted with 200 ml. of water and applied as drenches to the soil surface.
The rates in sll instances were applied on a soil weight basis,

Inoculum which was grown on artifieiel media was added to each pot to
make sure that ell soil used had essentially the same inoeulum potential.
In all tests the inoculum was added to the pots before the addition of the
chemicels. The source of the inoculum was from a stock culture meinteined
in the lsboratory and isolated from a Verticillium wilt infected cotton stalk
from Cotton Research Station, Tipton, Oklahoms, July, 1949. The fungus was
grown on three different types of rmedia to inereaese it for inoculation pur-
poses, The inoculum for the first test was grom on test tube slants of
potato dextrose asger and used at the rate of one tube per one gallon glazed
erock of soil., The inoculum for the second test wes grown on 75 ml. of
potato broth in 250 ml. flasks which were shaken twice daily for 16 deys,
The broth was made by cooking 200 grams of peeled potatoes in a liter of
water for 15 minutes. One flask was used to incculate six one gallon glazed
erocks. The inceculum for the other four tests was grown on sorghum seeds
for 14 days. One hundred grams of sorghum seeds and 75 ml. of water, placed
in a 250 ml, flask, were autoclaved once & day on two successive days for
45 and 30 minutes respecetively. The inoculum for the resaining four tests
was used at the same rate &s was indiceted in test two. The inoculum for all
the tests wes inoubated at 20° C.

The Wering Blendor was used in 2ll1 the tests to prepare the inoeulum for
addition to the pots. The fungel mats of 28 test tubes were removed and

plaeced in the Blendor and macerated for 2 minutes for the firat test. The
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wmacerated materisl was then diluted with 2400 ml. of distilled water, giving
200 mt, of dilnted inceuwlum for each pot. For the second test the fungsl mats
were removed from the potato broth in the 6 flasks and macersted for 2 minutes
in the Blendor. The mecerzted contents were poured inte a five gallon esrbhoy
and diluted with B liters of distilled water. ZXach of the 36 one gsllon
glezed orocks of soil received 200 ml. of diluted inoculum. The preparation
of the inoculum for the remaining tests wes the same as described.for test
two.

The inocculum waes added to the scil in all tests by removing helf of the
801l in the pots and addipg 100 ml. of the inocewlum to the remaining soil.
The moil thet had been removed was then replsced, and the otber 100 ml. was
edded to the surface of the scil., The pols wers then thoroughly watered,
pleced in the greenbouse, and left for & hours. Following this periocd, six
gotton seeds of the variety Aceela 4-42 were planted in esch pot., All tesis
were selt up in the greenbouse ss randomized blocks with easch treaiment
replicated four times,

The plants were Tirst ébserved for extemsl symptome of infection such
as wilting, mottling and yellowing of the leaves, and abnermal leaf fall.

TIf no externel symploms were produced wien tests were ferminated, then the
stems were split and checked for vascular discclerations Tissue isclatiomns
were uede fo determine if the fungus was present when the plants chowed none
of the abowe mentiocned sywpioms.,

Tests to determine the effectiveness of chemiecals sgainst inoculum

pleeced in the plent tissues. The procedures followed in the pot tests pre-

viously described; except for methods of imoculaiion, were used in setting up
thess tests, The svil and chenicale used were the szwe as those indiecated in

the first pot tests. The methods for culturing the Vertieillium wilt organism,
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preparing the lnceulvm, and applying the chemicals were the same. The bac-

The method used to inoculate the plents with the Vertieillium wilt fungus

wag the needle puncture wethod described by Zwvans {(14)}. The teehnigue used

for incculeting cotton seeldlings with L ilvacearynm was & wounding teshnigue
deseribed by Brinksrhoff{ {(2).

The eriteris Por determining the effectiveness of these chenlecals as
chemotherapeutants sgainst V. glbo-atrum are the ssme &3 those outlined in
the previous test., To determsine their effectivencss as systemic bactericides,
the incculsted lower epidermis of the cotyledons were checked for typiesl

weter sosked lesions. These lesions appear in eheck plants from six to eight

days after inoeulation depending on temperature and humidity.

Field snd greenhouse tests for the control of cotton seedline diseases.
The cheniecals used in the field and greenhouse tests and their sctive prin-

giples are shown in table 2.

TARLE &.~ Chemicels used in seed row tests in the field and greenhouse.

% detive

Trade Nans Active Frineiple Principle Fanufacturer
Agrox phenyl mercury ures 5.7 Chipman
Arasan tetramethylthiurandisulfide 50.0 DuPent
2% Ceresan ethyl mercury chloride 2.0 do
Dithane Z-78 gine ethylene bixdithiocarbamate 65,0 Rohm & Haas
Dow @B zing trichlorophenate 50.0 fow
Doweide B sodivm trichlorophenate 50.0 do
¥F-1112 - - do
Ortho=-406 H-trichloromethylthis tetrahydroth-

thalinide 50,0 ©Galif, Spray
Fhygon Z2,3~diehloro~l, 4naphthoguinons 50.0 U. S. Huobber
Spergon tetrachloro-paraebengoguinone 88.0 do
Systox trialkyl thicphosphate 80,0 Geary
T,0 .4, trickloro acetate $0.0 Dow
42687 organic arsenic 7.7 Chemagro
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The rate &t which the chemicals were applied in the field at Farasdise,
Cklahoma was 1Y 1bs. per aere except for Spergon, which was &also used at
three higher retes {30, 60, and 180 lbs, ver ascre). The same amcunts of the
ehemicals were used at Chickasha, Oklahoms, but instead of using £5 £t. rows
as was used at Paradise, they were lengthened to 37 feet to help overcome
phytotoxicity. Thus all the rates were refuced by one third in the second
experiment.

Zach chenicel was well mixed with 1 pint of fine sand which was used as
& garrier, and placed in ome pound paper bags. 4 total of fourteen different
chemiecsls ineluding Spergon were used. This gave a total of eighteen
different treaiments, including an untrested check. These trsatments were
replicated fouwr times and sel up sz & randomizmed block experiment with single
row plots &85 ft. in lengih.

The planter boxes on a two row planter were rewoved and replaced with
large funnels, As the planter was drawn along et & slow pece, btwo men
dropped 100 coiton seeds and the sand-diluted chenicsl in the twenty five foot
row space, This left a relatively narrow band of treated sand in the bottom
of the drill row. Stand counts, post emergence damping off, and phytotoxielty
readings were teken to determine the effectiveness of the treatwents.

Tests in the greenhouse whiech werse set up in flets of soil were pri-
marily concerned with the Hhizoctonia seedling disease of cotton. The flats
were Tilled three~fourtus full of sereened soil from the Perkins Fars, The
first test consisted of twenty flats set up as & randomized block experiment,
with four replications, All flats of soil were sterilized for six hours in a
stetm eabinet,. . The second test consisted ol fifty two flats, none of which
were sterilized. This test wes also set up as randomized blocks and each

treatment was replicated four tires,
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The source of inceulum was from a stock cultwre of R. golani isclated
from en infected cotton seedling, July 185, 1950, from the Cotton Research
Station, Chickesha, Uklahema, The fungus was eulbtured on sorghum seeds and
prepared for use as wes previously described im the pot tests for V. albo-atrum,
The contents of each 250 ml. flask was used for 3 1/3 flats in the first
test and for 7 flats in the second test. The inoculum was ineuwbated for
eight days at 20° Ge

Two different methods were used in applying the incculum to the two tests.
For test 1 the soil of esch flat was placed in & large garbage ¢sn, and 200
al, of inoculua was poured on the soil and then thoroughly mized., Nor the
second test 0 ml. of inoculum was placed in a iason jar with the 1id
punched full of small heles and then sprinkled uniformly on the soll at the
seed level,

the chemicals uwsed for the first greosnhouse test were &s follows: Arasen,
Spergon, FPhygon and Ortho-406, The same chemicals plus Ceresan-¥ were used
in the secondvtes%, Their active prineiples are shown in teble 2, The

“rates at which these chanicals were used are irdicated in table 14, Chemieals
for each trestment were weighed at the indieated rate and plseed in a glassine

P

bag., Zach cheniesl was then well mized with 50 ml. of extra fine sand before
it was added to the flats. The procedure in applying the ehenieals was as
follows: each flat was first divided into five evenly spaced furrows, & inch
éeep snd & inch wide; the sand-chemical mixture was then spread evenly the
lengih and width of esgh furrow., After chemicals were applied, 100 leala
4-42 gothon seeds, &L to each furrow, were plented in each flat. Hach flat
was then completely eovered with & ineh of soil and watered. The rocedure
cutlired in test 1 for applying chemicals was fellowed in setting up test 2.
The first test was ineubated in the Fiber laboratory of the Agronomy

Department at 70° F. for six days. Afterwards the fluts vwere removed to the



greenhouse. For the second test the flats were imcubsted in the grecnhouse
at an average day and night temperature of 77° F.

Stend counts were mede tw days after the first seedlings emerged. In
the first test two different counts were mede after the first stand couniy
the second in two days, and the last in feour deys. In the second test, the
plants were counted every day for eleven days &fter the Tirst stand ecounmt,
malking & total of twelve eounts, Only the surviving seedlings were counted
in 811 of these counts, and after the last count the per cent of post cmer~

gence Gamping of f was determined.
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RESULTS

Pot tests with soil bowme incculum. Tables 3, 4, and & show the resulis

of tests conducted in the greenhouse, The primary purpeose of the experiments
wag to test the fungieidal offsel of different chemicals on V. albo-airum in
the soil.

Due to the number of chemicals tested, only those showing indieations
of countrelling wilt will be diseussed in any detail., Only four of the
eighteen chemicels tested at the rates employed gave indicetions of possible
control of the wilt orgsnism.

Dithane D-14 applied as a drench to cotton plants which were grown in
Verticillium infested scil prevented external symptoms of wilt for the length
of the experiwment (Teble 3)}. ‘‘he only evidence of phytotoxicity with Dithane
D=14 was its affeet on the true lesves. The mateéerisl produced & mild ehlor-
csis whieh was confined %o an arsez between the major leaf veins., The ehloro-
tic areas were pot yellow but a dull white in color. Necrotie aress of
about 1/8 to 1/4 of an ineh werce alsc produced on the tip of the leaf lobes.
These symptors are shown in figure 1. The plants compared favorably in size,
number of leaves, squares, and bolls with the check plants in spite of the
ghlorosis produced by the Dithane D-14. None of the plants grown in the
Dithane D-14 treated soll showed sny signs of vascular discoloration at the

The fungus wes not

end of 143 days growth when the test was terminuted,

recovered in culture from fow tissue isolations made from each =iean.
Mersolite W., which wes also used as a dreanch, gove good indications of

eontralling Verticillium wilt (Table 3). /ﬁowever at the rate used, the cheme

~deal was bighly tozie to cotton seedlings in the cotyledon stage. The plants

that emerged died thres days leter. These pots were left unplunted for one
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TABLE 3.~ The effect of 8 chamicals epplied &8s drenches cneg & we
six weeks to Vertieilliuwm wilt infested soil for the control of the organism
on ecetion.

Humber of days before wild
gyicpboms apuesred

Treatment Rate Replicates Treatrent
1 2 3 4 Hean

setidione 1 p.p.m. 28 41 36 38 35.7
B. 700 1 gr./10,000 gr. soil 28 £ 81 20 72.8
B, 850 do 86 35 3¢ g0 73.7
Dithane D-142 do 143 143 143 143 143,0

benzoate do 85 98 101 86 G3.5
0.7 sulfste do 63 28 80 48 49.7
5, © hydrazide do 58 38 40 45 43,7
Lersollte w do 143 143 143 143 143.0
Check (inceculated) - 31 43 38 68 46,0

Analyais of variance of table 3
Source of Degrees of Sum of Iean ’ i
variction freefon saueres square value
Total 35 60,672,31
Blocks 3 592.581 197,508 . 790
Treatrents 8 b4, 085,51 8,760,688 27,068%*
Bemainder 24 5,004,229 248,768
LD -~ at the 1% level 31.2

Tpian ts aboved no sxternal sympltoms in lﬂé days ot whieh time the experiment



¥ig. 1.

Cotton leaf showing chlorosis produced by
Dithane D-14.
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waek after the seedlings died, and then replanted without edding edditicnal
¢hemicel, #fber the plants emeorged, the chemical was sdded when plsnts formed
the first two true leaves. After fommation of the true leasves, the plenis
tolerated the weekly applicstions of the cehemieal, The only visible evidence
of toxieity was smell, irregular, chlorobtie spots which developed on meny of
the leaves after about four weesks, Thess spots were white in eolor and
elosely resembled thrip damage (Figure £), Ixcept for the toxicity in ihe
seedling stege snd the lesfl chlefosis, the plents developed nomally alfter
overcoming the effeats of the eheniecal, 211 plants compared favorably in
size, number of leaves, squares, and bolls with the checks. TPFlants itreated
with Ebrsoliﬁe W. fziled to show any external symptoms of Vertieillium wilt
up to 143 days, et vhieh time the plants were remcved and examined for
vasenler disecloration. Fong of theo stems shoved vaseunlar disecleration, snd
the fungus waS'not recoveref in culture from tissue iseoletions.

Chemieal E. U, 1182 used zs & drench gave indications of being'effective
ageinet the Verticillium wilt orgenism {Teble 4). This chemicel mas also
phytotoxic to eotton seedlings at the rate used. The Tirst visible evidenece
of this toxieity wes & brownish diseoloration of the sten appesring two days
after seedling emergence. The following day the discelored ares begen to
shrivel apd the cotyledons were wilted., 4 dey later the stens turaed blsek
ard plants died. A.ph@togra@h of this phytotozie rezction in coltton seedlings
iz shown in figure 3. To overcome this toxleity, the seme provedure used for
Fersolite-W was fcllowed. The plants treated with E, @, 1182 slso tolersted
the weekly sppllestion after development of irue lsaves., After formstion of
the true leaves, the only visible evidsence of toxicity wes a slight stunting
as compared to the check.

The first external symptoms of Verticilliws wil?t in plants trested with



Fig. 2.

Cotton leaf showing chlorosis produced by
Mersolite-¥.

20
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TLABLE 4.~ The effect of £ experimental chemicals applied as drenches
pnee & weelk for six weeks to Vertiecilliwm wilt infested so0il for the control
of the Tungus on csotlton.

Humber of days before wilt
synptons appeared

Chemical Bate Replicates ireatment
1 g 3 4 Hean

%, C. 1188 1/64,000 a3 155¢ 155 155 1%6.5

E, ¢. 1207 1/4,000 1562 155 155 155 155.0

Check ({inoculated) = . 36 57 55 47 48,7

Analysis of variance of table 4

Scuree of " Doegrees of TSum of T feen oy

varigtion rregdom sguares sguare value

Total 1 2¢,508.98

Bloecks , 3 1,578,982 526,306 2.008

Treatments 2 26,353.17 13,176,585 50,1385

Remainder & 1,576,83 282,80

18D - at the 1% lovel 485
8Tiants showed no external symptoms in 185 days at which time the experiment
was terming fed,




ﬁ‘ig. 3.

Three-day-old cotion seedling showing
stem shriveling produced by Experimental
Chemical 1182,

22



L. 0. 1182 developed in one replicete after 93 deys. The other three rep-
licates remained free for 1505 deys, 21 which time this fest was termineted.
The plants were removed and stems sxamined for vascular discoloration. Very
feint, =mall, intermittent specks confined to the lower half of ithe stem were
the only evidence of discoloration., Tissue iscletions were mede from the
discelored portions of sach stem, and the fungers was recovered in culture.

E. €, 1207 used zs a drench gave better control of Verticillium wilt

"

t wos just as phyvitotoxzis to

WS

then B. G. 1182, Ilowever at the rate used

seedlings in the eotyledon stage ag Z., O, 1182, snd stunting wes more evidant

then with E. C. 118Z, To overcome the toxzieity of B, &, 1207, ithe provedurs

deseribed for Mersolite-W wes followed. wWhen the experiment was terains ted

(after 155 days) none of the replicetes with £. C., 1207 showed any extsrnsl

svmptome of Verticilliuwm wilt {Teble 4). The plenis were removed, and all

oF

stems exawinsd for vaseular diseclorstion., The sitans appeared o bhe free of
discoloration, and the fungus wes not recovered in cullure from tissue
isolations.

Teble D shows the results of thirteen chemicals applied ouly once o
Vertieillium wilt inoculsted soil. Analysis of these resulis however shows
no gtatisticel differences, bult in seversl repliceties the chemiceals appearsd
te be fungistetie. “hen test was terminated in 28 days mest of the plants
showing no externsal svmptcoms had slight vasculsr discoleration when sterns wers

examined. The wilt fungus was recovered in culiwe from gll of the slig)

&3]
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diseolored stams,
Figure 4 shows the phytotoxie affect of Systox, UCA, ifrasan, Femate,
Zerlate and Dithene Z-78 on two-week-old cotion seedlings when applied st the

oy .

rate of 1 gram per 1,000 grems of soil, ¥Figure £ is 2 phobograph of 3B-unnsek

A

0ld cotton plants comparing 104 and Dithene D14
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TABLE 5.~ The effsct of ¢ chemicsls applied to Verticilliumm wilt
infested soil prior to planting for contrel of the Tungus on cotton.

Number of days before wilt
symptoms sppeared

Treatment Rate Heplicates Irestment
1 i 3 4 Mean
Lrasan 1/10,000 80 92° 60 64 P4
Bioguin 850 do &g gl 92 62 83.7
Dithane Z-78 do 79 45 67 75 67.5
Dowicide~B do 86 71 78 58 68.8
Fermate do 44 72 95® 88 74,0
Sodium ehlorate do 81 &0 gsd 58 2l.2
Systox do 86 87 92® 88 83.2
T.Cule do 79 80 ag® 92 85,7
7erlate do &7 54 67 928 70.0
Check {inoculated) - 44 78 53 028 66,7

Inalysis of varianee of table 5

Source of Degrecs of - Sum of Hean ' ¥
variation fresdom gouares SQUEre ] _ valuse
TFotal 39 9,155.90

Blocks K 777.90 259,300 1.083
Treatments g 1,976.40 219.600 +929
Reanainder &7 6,401 .60 237,096

15D - at the 1% level 30.2 7
TFiants showed no external symptoms in 92 days at which time %the experiment
was terminated.




Fig. 4.

Two-week-0ld cotton seedlings showing phytotoxicity
produced by the following chemiesls: 1, Systox,

2, TCA, 3, Arasen, 4. Zerlate, 5. Femate, and

6. Dithane Z-78, (Note necrosis with Systox, leaf
erinkling with TCA, severe stunting with Arasan,
Zerlete, and Fermate, and chlorosis produced by
Dithene %-78.)
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Fig. S.

Three-week-old cotton seedlings grown in soil treated
with TCA and Dithane D-14. From left to right, first

and second pots TCA, third Dithane D-14, and fourth
check.
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1 gram per £,000 grams of scill) with untreated check.

Tests to determine the effectiveness of chewicals against inceulunm

placed direetly in the plent tissuss, The results of the chenicals tested as

systemic fungicides against ¥V, albo-atrum and L. malvagesram, are shown in
tebles 6, 7, 8, ©, 1B, and 11, UNonsz of lhe eighteen chewmicals ndded to the
501l prevented infeciion when the two organisms were pleced direetly in the
plant tissuss, However soms chemicals retarded symptom exprossion longer
than others.

Plants treated with Rioquin 700 showed wilt symptoms in 12 days, Rep-
licates with Bioguin B850 showed nilt symptoms renging from 11 to 13 days.
The Dithans D-14 replicates showed wilt symptoms at 15 to 16 days., Flsnts
treated with Hersolitve- produced wilt sympieoms in 138 to 14 days. Plants
treated with E., €. 1182 showed ityplesl wilt sympicns at 12 to 1% days.
Plants trested with £, ¢, 1207 showed wilt symptoms ot the end of 12 deys.
The check plants for the above treatments showed sympboms in B8 fto 9 days.
411 the other treatuwents compared closely with the cheecks in number of deys
before wilt sympioms were expressed.

The same chepmicsls itested against baecteriszl blight 4id not differ too
much from the eheck plents in nuwmber of days bhelore first sympltoms appeared.
Flante trested with Dithene D14 end &, C. 1207 showed symptoms after 10
11 days. The reost of the chemicals compared with the check planis which
showed bypical blight symptoms in 7 i 8 days (Tablss 8, 10, and 1l1).

Field and greenhouse tests for the control of cotton seedling diseases.s

tne field test was conducted at Faradise and another at Chickashe, Cklahoma.
They were et up to test the effectiveness of the chemicals listed in table 2
against cotton seedling diseases, Of the chenicals applied to the seed row

&£

at 15 1lbs. per sere in the fleld, Spergen, Phygon, Urtho 406, Dithene Z-78,
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TABLE 6.~ Deta obtained with
veutic gontrol of the
cotton seedlings

tyera-

£ P a3
thae stans of

8 fungicides tested for their eh
Verticilliuva wilt fungus when placed in

Nusber of days before wilt

symptons appeared
Chemical Rate heplicates freatment

i 2 3 4 peen
Aetidions 1 Dalaifie g 8 & 8 .8
B. 700 1/10,000 12 12 12 12 12.0
B, 850 do i 13 1 12 11,7
ﬁlaaaue D14 do 16 13 14 138 14,0
0.8 benzoste do 3 9 S 3 3.5
0.2 sulfate do Y 9 8 8 8.8
Lie” hydranide do 8 8 a8 a 3.0
Irersolite W do 13 14 13 13 13.2
Cheek {inoculated) = 3 2 g 2] B8

Analysie of variance of table 4.

Source of Degrees of Sum of ~ Hean ¥
variation freedom sguares square vaiue
Total B35 203,23
Biceks 3 1.23 210 B56
Treatwents 8 180,23 23,778 4B, BReF*
Remainder £4 11.7% S4G0 <708
- 1SD =~ at the 1% level 1.4
S¢xyguinoline
braleie

TABLE 7o

Data obtained with 2 experimentsl chemnlcsls tested for their

chemotherapsutic eontrol of the Vertieilliwm wilt fungus when placed in the

stems of cotton seediings.

a2 o ey

T T "~ Iharber of days before wild o
syrnsoms appesred
Chemical Rate Replicates Troztment
1 2 [ 4 [naan
T. ¢, 1182 1/64,000 12 12 12 13 12.2
. ¢, 1207 1/4,000 12 12 12 1z 12,0
Check (inoculated) - a o o 8 8.5
Analveis of variamee of table 7
Souree of Degrees of Sum of Hean F
variation freado scusres SOUATE NG
Total 11 36,92
Biocks 3 ~E50 085 B3B8
Treatments 2 35,167 17.583 70.052‘*
Reriainder 5 1.50. 2D
13D - at the 1% level .348
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TARLE 8.~ Data obiained with 8 fungicides tested for their chamcthera-
peutic control of the Vertieillium wilt fungus when placed in the stems of
eotton seedlings.

Number of days before wilt
svinptoms appeared

Chemieal Rate Heplieates Treatment
1 o s 4 mean
Arasen 1/10,000 8 8 8 8 8.0
Dithane %78 do 8 8 8 9 8.2
Dovwicide~B do 8 8 8 8 8.8
Permate do - 8 8 g 3 8,2
Sodium ehlorate do 8 8 9 g 8.5
Systox do 3 a8 2] ] 8.5
sderlate do 8 &8 g ¢ 2.5
A do 8 8 8 9 8.2
Uheek (inoceulsted} - g 8 9 8 8.2
inalysis of varismce of table 8
Source of Degrees of Sum of iean SR
yarietion freedom Bouaras sguare value
Total 35 7.639
Blocks 3 - 2,308 L 768 4,129*
Treatments 8 » 880 110 591
Remainder 24 4,454 186

TOD - At the 19 level .9




TABLE 9.~ Data obtained with 8 chemicals tested as chemotherspeutants
asgainst eofyledopary inoculation of L. malvacearum,

fumber of days bhefore water
socaking appeered

Chemical Rate Replieates a Treatment
1 2 5 4 mean
Aetidione 1 D.DaBe 7 B 7 8 7.5
B, 700 1/10,000 3 8 8 9 8.2
B, 85¢ do 7 8 7 7 7.2
Dithane D-14 do 10 11 10 10 10.2
0.2 benzocte do 8 8 8 a8 8.0
0.2 sulrate do 7 8 7 8 7.5
1.0 hydrazide do 8 8 8 7 7.7
Wersolite W do 8 8 8 8 8.0
Cheek {inocculsted) = 7 7o . B 3 7.5
_ dnalysis of varisnce of table 9
Source of Degrees of Sum of lesn F
variation freedom sQuares aquare KER T
Total 35 32.00
Blogks 3 1.39 L4833 2.424
Treatuont 8 z6,00 S.250 17.018%%
Remainder 24 4,61 191 )

LSD - at the 1% level .9

9oxyquinoline
Haleie



TABLYE 10.=
herapeutants sgeinst cotyledon

Data obtained with £ experimental chenicals tested

3l

as gchenot-

nary inoculsticn of £. malvacearum.

s
i

T Humber of dsys befors water
goaking upp0<~md
Chemical Hate 1 = & 4  Treaimend
Renlicates mean

B, C. 1182 1/64,000 8 2 9 8 8.2
E. C. 1207 1/4,000 10 ¢ 1 10 10.0
Check {inoculeted) = 7 g 3] g 7.7

. dnelysis of varionce of toble 10 . o
Source of Jegrees of Sum of Loen 7
variation fresdon sOnsres Sguare valuoe
Total 11 14,667
Blocks 3 £,00 L5668 <286
Treatoent 2 11.187 5,583 22, 332%%
Remalnder & 1.300 . 250

150 - at the 1% level L2384

TEBLE 11~
against cotyledonary inoculation of L. melvacearun.

Dats obtained with 8 chemicals tesied as chemotherapeutants

- izmber of days before water
ooking appeared
Chemical Rate Hepliecates Treatment
i 2 3 4 mean

Aresan - 1/16,000 7 9 7 8 7.7
Dithane %78 Go 3 8 53 7 Yo
Dowicide-B do 3 7 g 8 8.0
Femate 4o 7 9 8 4 7ol
Sodlum ehleorsie do 7 7 7 8 7.l
Systox do 3 8 3 8 8.0
Zerlate do 7 7 7 8 7ol
TCa ' do & 7 7 7 768
Gheek {inoculated) = 7 2 i 7 78

dnalveis of voriance of table 11 o
Souree of Degrees of Sum of Hean B
varistion fraedom gguares square velue
Total 35 ” 12.98 '
Blocks 3 .09 O3 0078
Treatment 8 3.73 456 1.283
Remainder 26 S.16 . 381

~

¢,

LSD - &t the 1y level 1.2
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Arasan, and Systox produced the best stands., The resulis of the tests at ihs
two locations are shown in tables 12 and 13,

In the test conducted at Psradise, Cklahoma, Dithane Z=78 gave the
highest per cent of surviving seedlings with an average of 49,0 per cent for
the four replicaﬁions. Systox, a sysitemic insecticide, had an average of
45,5 per gent. Orthe 406 had 41.5 per cent surviving seedlings, OSpergon was
next with 38,7 per cent, vhile FPhygon hed 37.0 and the check 356.7 per e¢ent.
Dowicide-B, F-1112, TCA, Ceresan-i, Dow-9B, and Agrox produeced considerable
toxicity in cotton seedlings when used &% the rate of 15 1lbs, per serse,

The seme chemicals tested at Chickasha, Oklehoms, dut used at a lower
rate, gave somewhat different results, In this test Systox produced the
bighest per eent of surviving seedlings with 81.0, an average of four rep-
licates. The only visible evidence eof phytotoxicity waes suall, necrotie
lesions produeed on the Tirst four or five true leavaé‘ Heplicates treateﬁ
with Ortho~406 had sn average of 79.2 per cent seedling survival when stand
county were made. Replicates itreated with Phygon, Arasan, Dithane Z-78, and
Spergon had 75.0, 72.5, 65.7, and 62,0 per cent respectively for seedling
survival. The check replicates had & relatively high per eent of seedling
survivel, 72.0. I0A wag the only chaunical ip this fest to preduce any amount
of visible phytotozieity other than the ngcrosis rroduced by Systox, Rep-
licates tremted with TCA had poor stands, and seedlings were seversly stunted,
The poorer germination with the mejority of the chemicals in both tests in~
dicated that toxicity might be an importent fzetor. Therefore, lower rates
were used in subseguent tests.

The experiments in the greenhouse wore gondueted %o obtain further
informétion on some of the chemicals that were used in the field tests.

Some interesting daia were obtained from the first greenhouss test of
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The effect of 13 chanieals applied o the seed row &t

Farsdise, Uklahoma, for the conirol of cotton sesdliing dissaszss,

Total surviving sesdlings

Treatment Rats Replicutes Sreatment
‘ e 1 3 3 4 mean
Spergon. 1x= 31 45 48 31 38,7
do 2% 51 28 8 18 16.2
do 4% 18 6 10 21 13.2
do 8x 4 7 8 g 7.0
FPhygon 1X 39 39 44 30 37.0
Ortho 406 do 57 56 33 35 4145
Dithene Z-78 do [a%] 88 47 35 46,0
derox do 14 23 18 8 15.7
Arssan do 24 34 iy 34 27.7
Check {untreated) - 30 35 81 42 36,7
43687 1X 18 i2 25 18 17.2
Dow 9B do 4 10 0 1 3.7
Jeresen do 9 30 12 14 16.2
TCA do 17 10 8 3 9.5
Systox & Sperzon do a2 23 3% 30 308
Systox do 40 49 46 47 45,8
F~1112 do 5 4 ¢ 11 5.6
Dowicide B do 1 0 0 O L0285
] __Mnelyais of varisnce of table 12
Sourece of Degrees of Sum of Mean F
yariation freedon BQUATes aguare value
Total 7L 18,878.00 ' '
Blocks 3 168,77 56,25 1.203
Treatment 17 18,508,850 971.00 22,504%*
Remainder 51 2,800.73 43,15

15D = &%t the 1% level 12,

"

13 grams per 25 £%., row space or 15 1bs. per acre with 40°

row spsceings.



TABLE 13.=

Chickasha, Oklshowms, I

T the control of cotton sesdling disesses.

LY
LN

faot of 15 cheamicals epplied to the seed row at

B Total surviving seedlings
Treatment Rate Beplicates Treatment
1 £ 3 4 mean
Spergon 1ix -39 76 66 67 62.0
do 28X Y0 897 28 73 59.5
do 4% 47 49 53 65 53.5
do 34 44 11 &4 a7 51.5
Fhygon 1X 85 73 72 7E 75.0
Urtho 408 de 8l 7o 7S 78 798
Dithane 2«78 do 78 74 81 30 85,7
Agrox do 850 59 48 3% 51.0
Arasen do 78 71 61 78 72,9
Cheek {(untreated) - 88 56 7% 71 78,0
42687 X 58 &3 63 40 56.0
Dow 9B do 55 26 56 55 48,0
Ceresan do 71 69 63 65 67.0
TCA do 17 8 15 12 13,0
Systox & Spewvgon da 64 44 9 50 £4.,0
Systox do 83 75 80 86 81.0
F-1112 do &% 5¢ 13 15 38.5
Dowicide B do 15 81 88 17 35.2
fnalysis of variance of table 19
Source of Degrees of Sum of  lean 7
veriation fresion sousres sQUATe value
Total 71 35,629,998
Bloeks 3 702,37 834.12 L9289
Treatment 17 £22,080,.71 1,29B.86 5.156%%
Remainder 51 12,846,21 251,80

150 - &t the 10 level 20

LS grams per 37 £1. row spage or 11.3 lbe. per acre with 40" row sypacings,



fungicides applied to the furrow for the control of the Fhlzoetonia disesse
of cotton seedlings. The resulis of these date are indicated in table 14.

The Tollowing chemicals were used in the first test: Arassnm, Orthe 406,
Phygon, and Spergonm. HFlais treated with Spergon had the highest per ecent of
seedling survival with 56.7, an average of the four replieateé. There vas
no visible evidence of phytotoxieity in any of the flats itreated with Spergon.
The four replieates treated with Arassn had an average'ef £4,5 éer cent
seedling survivel when last stand count wes mede, 8 days afier the first stand
gount, There was also no visible gvidence of toxicity produced by Arassn in
any of the flats, Flats trested with Oriho 406 were 1 daoy earlier in seédling
anergence then {the other treatments., The four replicates treaeted with
Orthe 406 had an average of 52.0 per cent peedling survivel, Fhygon used at
the indicated rate seemed to be toxic fto germinating seedlings. In eseh
flat treated with Phygon, there sesmed to be a considerable number of geeds
that failed to germinate, and meny of those thet did germinate had difficulty
in shedding their seed c¢oats. The check flalts hed cnly 12 surviving seedlings
when the finel stand eount was made. This gave an everage of 3.0 per cent for
the Tour repligations.

The scecond test of Fungicides applied to the seed row consisted of
Ceresan-il, Arvasan, Spergon, Ihygen, and Ortho-406. Seed treatment with
Cergsan~-i was ineluded to compare it with the fungicides applied to the seed
row. Ceresan-i applied to the seed row was guite toxic., Gemination in
flate treated wiih Ceresen~-i was iwo davs later then the other four freat-
ments. As the germinating seeds came in contsct with the Ceresan, & bulbous
condition was produeced in the hypocotyl region. However the seedling devel-
oped normally after the radiczl penetraited the treated zone. Ceresan had the

highest per cent of surviving seedlings upon termination of the test.
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TABLE 14,~ The effectivensss of fungicides applied to seed row for the
control of the Bhizoetonis seedling disease of cotton under greenhouse
eonditions,

o Total surviving seedlings

Treatment Rate Replicates Treatment
1 2 3 4 nean

irasan .25 grams/tt.o 51 68 36 67  BA.5

Crtho 406 do 84 28 25 73 82.0

Phygon do 25 30 15 30 25,0

Spergen do 58 35 66 8 88,7

Cheek {inoculeated) - 0 0 3 9 3,0

_ . Analygis of variapnce of table 14

Seurce of Degreas of Sum of Mean F

variation froedom sguares sguare value

Total 19 13,066.55 ’

Blocks 3 1,418.85 478,983 2,073

Treatment 4 8,909.80 2,287,450 97.8B0%F

Rensinder 1z 2,737.80 268,150

LSD - at the 1% level 32.6
Bhquivalent to 7.5 1bsS./acre with 40" Tow SpACiNgS.
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Flats treated with Arasan gave the highest toltal of emerged seedlings,
and there was no evidence of phytotoxieity in the four replicates. When the
test was teminated sfter 12 days, Arssan was sescond to Ceresen-il in total
surviving seedlings. Flate trested with Spergon or Ortho 406 had the same
nunber of emerged seedlings, and there was no evidence of phytotozicity with
either chemical 8% the rates employed. Spergen contrelled post-~emergencs
damping~cff better than did Urtho 406. Ortho 406 treatments had the highest
per cent of post-energence demping-off of all the chenmicals applied to the
seed row. Phygon, at the high rate, showed evidence of being phytotoxie,
Seedlings in flats troated with Fhygon had difficuliy in shedding their
seed coats and were vetarded in growth as a result, Seed treatment with
Ceresan-i gave the lowest totsl of emerged secdlings of a&ll the chemical
treatmen s, There was an sversge of 48 energed seedlings for the four rep-
licates, and 7% per cent of these damped-off. When the first stand counts
were made, the four check flats had a total of 8 emerged seedlings, and after
the seventh day all of $hese had damped-off {Table 15). A photograp
comparing Ceresan-~i, Arasan, Spergon, and Ortho-406 with check apd ssed

treatment is shown in figure 6,



TABLE 15.-
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Data obbained with fungicides applied to seed row Tor the

eontrol of the Hhizochonia seedling diseuse of cotton under gresunhouse
conditions.
Hean of four repllesies
Treatment Rate Total emerged fotel swrviving Post-emergencs
sagdlings seedlings after &ai@;ﬁg-Oif
12 days
Fer gent Per cent Per gent
High rate” '
Fhygon L85 grams/Tt. 67 40 40
Arasan do 30 D3 34
Spergon do 78 48 38
Cerssan~il do 75 66 10
Oritho-406 do 76 34 55
Low rateb

Phyzon 18 grems/Ti. 76 41 47
Arasan do a2 53 35
Spergon do 71 41 41
Ceresan-if de 76 81 19
Ortho-406 do 78 32 58
Send treated
with Cersesan-ii & gr/kilc.gr.ssed 48 12 75
Check (inoculated = 5 0 100

Mnelvsis of wveriance of table 15 o
Source of Degrees of Sum of “Neen TF
variation freedom gquares souare Talue
High rats
Total - 19 5,554 .58
Blocks 3 2,595,355 798,450 11.799%%
Troatmwent 4 2,327,280 581,800 8.508%*
Remainder iz 81%,00 67,0668
Low rate
Total 19 6,93868.95
Bloeks 3 4,038.95 1,402,850 22.805%%
Treatment 4 1,983.95 495,938 7.008%%
Remainder 12 TG 5D 62,004

' High rate LSD - &t the 1% level 17

= Low rate LED -~ at the 1% level 17

Jouinalent o 7.5 1bs/agrw with 40" row spacings.

bﬁ‘hiVﬁLBHt to 3.7 lbs/aere with 40" row spacings.



Fig. 6.

A comperison of seed row applications of fungicides with
seed treatment and an inoculated c¢heck. Top row left

to right, Ortho 406, Spergon, and seed treatment.

Bottom row, check, Ceresan-l, and Arasan,

39



40
DISCUSSION

Several amendments, when applied as drenches to pois of soilninoeulate&
with V. slbo~atrum, were effective in bringing about & substantiel reduetion
of wilt in cotton plonts., Dithane B-l4, Mersolite~¥, and E, C. 1207 comp-
lefely eliminated wilt symptoms in all replicates, and it would appear that
the amendments aected fungleidally. It was not determined whether the amend-
ments eliminated the orgenism in»the‘seil or merely inaetivated the fungus
so that it was unable to penetrate the host. If the fungus penetrated the
host, it was prevented from developing beesuse the organism-was net isoléted
from plant tissues. It is conceiveble that these amenﬁménts may have
effected control of the disease by improving the nutritien of the suscept,
thus auwgmenting its resistance.

Chepman (B) reported that when certain chemicals were applied to the soil
they woﬁla be transloceted to the top of the plant if not zbsorbed by cellue
losic substancss, and if sbaorbed dy cellulesie subsbtances, would bs held by
the roots. In view of this, it is possible the above thres cheﬂieals were
ebsorbed and held by the rocts, thereby preventing penetration. fThen the
question arises,'why is the chenical only effeetive against the orgenism
while in the roots end not effeotive in the scil? One possible answer could
be that when the chemical is being sbsorbed by the roots end held, it is in
a greater concenbration then when mixed thoroughly with the soil. On the
other hand, if the ¢heniecals were absorbed and translocated to the plant
extremeties, they would be of little value in contrelling reot invading fungi
unless they were fungitoxic when applied to the scil. A chemical of this
type would be more effective agéinst folisge atitecking éfganisms. If the
same pots had been replanted upon terminetion of the experiments, it would

be possible to determine if the orgenism had been eliminated by the soil



emendnents.

Oxyquinoline benzodte, E. C. 1182, Bioguin 850, Systox {z systemie
inseecticide), and 'TCA showsd evidence of being fungistaéic against V.
aibo-atrum at the rates employed. In several replicates treated with the

ghovae smendments, only slight external and internal symptoms of wilt were

c

profueed as compared to the checks, It is conceivable that the anendments
were being zbsorbed and translogated, thereby suppressing fungel develop-
wonb. Also the possibility exists that the amendmente were periislly
insetivating the toxins produced by the wilt fungus.y

Then the same zo0ll snendments were tested ageinst tissue incculations
of V. glbo~atrum end X. malvaceerum, only o few showed inhibiting effects on
gymptom expression, It appears from the results obtained that scme chemicals
were being absorbed and transleeated, while others were not. Al mny rate,
severel of the amendments suppressed symptom expression from one to several
deys longer than the checks. Vhen Dithene D-14, ¥ersclite-W, and ¥, G, 1207
wers used aé drenches againet scil<borne incenlum, they gave excellent control,
but used ss systemics, thev were only pertislly effective. It is probable
from this evidence that the emendments, when belng sbsorbed, wsre rendered
partially ineffective by the plant tissues and juices. It is also probable
that the absorbed chemical is not present in the erez of inceulation in
large enough guentities to be funzitoxic. When the inoculum was pleged in
the sbove ground portions of the plant, the wownding of the tissue could
have interfered with itranslocation in that ares long enough for the organism
to bescome established,

There is evidence that B, C. 1807 is absorbed by the plant when applied

Yo the soil. The chemieal has & cherecteristie ofor, and the leaves of



o
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treated cotton plants teke on this odor shorily after application.

A note of interest is that only those chericals spplied &8s drenches were
effective in the above investigations at the retes employed.

Seed row epplications of ghemicals for the control of cotton seedling
dissases should be investigated furiher because seed treatment has>not given
asdeguate econtrol in meny cases. v When conditions are optimum for growih of
the demping-cff Tungi, seed treatment is usvally not too effective, One
possible resscn why it is not toe effective is that when conditions are
pptimun for growth of the denping-off fungi, soll moisture is such that the
chemiesl is readily leached away from the seed ccst. To overcome this site
uetion, & chemical will have to have good residual emd Tungitoxic gqualities
for £ to 4 weeks after planting., In order to get more zdequate coatrol, a
Ierger amcunt of chemical sbould be present inm the ares of the germinating
seed. 4n idesl situetion would be one where the chemical protecitsd the
seedling from the sced bed to the soil surface. Also, further experimen-

tation on retes and methods of applieetion should be mﬁd%.
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Of 18 chemicals tested only Dithane D14, Kersoclite~¥, and E, C. 1207,
applied ot six weekly intervals as drenches to incculated scil, were effective
in eonirelling Verticillium wilt of cotton. He symptoms, external or
internsl, wore observed In plants grown in soil treated with Dithsne D-14 or

lersolite-¥ vhen the %est wes borminated after 143 days. Flantits treated with
B. C. 1207 produced no exteraal or internsl symptoms of wilt in 155 days et
vhich time the tgst was terminated;

In inoeulated soil with B, C. 1182 used as & drench as above, there were
externagl wilt symptoms 1ln one plent 93 deys following plenting. The remeining
3 plents in this test showed no external sympitoms in 188 days vhen the test
wap teminated. However, slight vascular disgolorstion was observed in these
plants, and the wilt fungus wes recovered in eculture.

Bicguin 70C, Bioguin 850, Dithane D-14, H, C. 1182, E. €, 1207, and
Mersolite-V mized with =soil suppressed wilt symptoms in cotton plants 3 to
8 days longer than no treatment. The cotion plants hed heen manually

incculated above ground with Vertieillium albo-atrum,

Cotton seedlings grown in soil troated with Dithene D-14 or ﬁerseliﬁgf%{
retarded the development of bacterisl blight lesions 3 days longer then the \
untreated plants. The cotton seedlings had been inoculated with Xenthomonsg
malvacearum in the cotyledenery siage.

fregan, Ceregan-il, Crtho 406, FPhygon, end Spergon applied to the seed
row in flates of inoculated soil for the conirel of the soreshin disesse of
sotton, produeed highly significant resulis. Flets treated with the above
chanicals had considerably higher seedling survival when the tests wers

termineted then 4id seed treatment with Ueresan-il or check flais.
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