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IN'IRODUC TION 

Vertioil lium wilt (Verticil lium ~ - atrum R. and B. ) and soreshin 

(Bb.izoctonia solani Kuhn ) are recognized as t wo important diaeeses of c otton 

in the United St a tes . Vertieillium wi l t is not as wide spread in Okl ahoma 

as soreshin , but its spread is inc reasing every year , especially in the 

i rrigated region of the St a te. 

Due to the i mportance of these diseases, i t i s eviden t t hat mor e adeq-

uate control measures should be worked out. There ar e some varieties of cotton 

which are mor e tolerant to Vertieillium wilt t han others, but none are comp-

l etely r esis t ant . To devel op resistant varieties requir es considerable time , 

effort , and expense, and when obta i ned , t he breeder may be confronted with new 

races of the c usal organism. In view of t hese difficulties , a soil amendment 

which would cont·rol the organism would be most welcome . Also of importance 

woul d be a soil amendment hich woul d control seedling diseases of cotton. 

'l.'he purpose of the present investigation was to determi ne whether a 

number of r el a t i vely new organic fungicides and certain herbicides mi ght be 

of value when used as soil amendments in control ling Verticil lium wilt or 

soreshin . The chemicals er e tested; (l ) against soil borne inoculum, and 

(2) against inoculum pl aced within the pl ant ti ssues . The second test was 

employed to determi ne if certa in chemicals, when absorbed by cotton pl ants , 

would control the test organisms when placed in the above ground portions of 

t he plant . The bt c teria l blight pathogen , Xanthomonaa mal.vacearum ( . F .S.) 

Dowson , and the wil t fungus , V. ~ --a_t_rum_ were used ·as the two test organisms . 
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LLERA'IU& REV i;\'l 

Intensive effort is no being made to determine what ki nds of chemicals 

are effective, and what types of diseases re controllable through the chemot

her apeutic approach. In particular , virus diseases, s ystemic bacterial 

infections, and t he scular wilt diseases have been found to yield t o cer

tain chemi cals wnen the lotter are appl i ed to the soil , and the plant absorbs 

t heru through its roots . 

1''he definition of chemotherapy as 1 t is used in this p per is the one 

postulated by Horsfall and Dimond (18), hich is as follows: ffChemotherapy is 

tre tment of the host i th a compound so that the action of the compound 

occurs inside the host when the host is diseased . It may (a) kill the 

pathogen as it enters t he host, (b) rid t he host of an established pathogen , 

or (c) mitigate disease . ". 

One of the early workers in the field of chemotherapy was Howard (20) 

who in 1941 injected 350 maple trees naturally infected with Phytophthora 

caetorum (Lab . and Cohn) Schroet. (bleeding canker fungus) with di-hydroch

loride salt of di- amino- azo-benzene . The injected trees exhibited stoppage 

of bleeding and marked improvement in vegetative growth . In 1942 Caroselli 

and Howard (4} studied the response of :maple trees diseased. with bleeding 

canker to chemotherapy and fertilization . Their data showed highly signiti

cant differences between treated and untreated trees . Research in 1942 by 

Horsfall and Zentmeyer (19), indica eel that toxins of the Dutch elm fungus 

and Verticillium wilt fungus of eggplant and maple 1ere weakened and pos

sibly eliminated by in t ernal chemotherapy 1th 8-hydroxyquinoline sulphate , 

urea, dihydrochloride of diamino-benzene, and malachite green . Evidence was 

obtained in 1941 and 1942 by Zent meyer and Horsfall (37) that 8-hydroxy

quinoline sulfate , hydroquinone , ascorbic acid, and 8-hydroxyquinoline 



when introduced into the vascul r system of eggplants and mapl es infected 

ith Verticillium wilt , had an ameliorating effect on wilting and disease 

advance. The same wa s true for Dutch elm disea se . 

3 

The chemical 8-hyd:roxyquinoline has lo been known to have bac t er

iostatic and fungistatic properties and is extensively used as an antisep

tic . The mechanism of action of this chemical bas been postulated (35, 36) . 

The f act t ha t 8- hydroxyquinoline is a useful agen t in quantitative analysis 

for precipitating many minor elements (C u , .Mn , Fe , Zn ), suggests t he theory 

that it acts fungistatically by precipitating one or several or t hese 

elements so that t he microorganisms cannot use t hem . 

In 1944 and 1947, Stoddard (27, 29) 1110rking with seedling peach trees 

inoculated wi th "X" disease by budding, i njected ch ic al s through t he cut 

upper end of the main stem. In 124 trials p- aminobenzenesul phanilamide, at 

various concentrat ions and under v rious conditions , reduced infection to 

21 per cent. This chE!llic al used at a coneentration of 1- 2000, and injected 

after i noculation compl etely prevented i nfection of 45 trees whi le the 

checks averaged 85 per cent i nfec t ion . Stodd rd suggested at the inhi

bitory eff ec ts of the chemical on the virus of X disease is due to artifi 

cial i mmunization . Zentmeyer ~!!.!_. (38) in 1946 report ed that 8-hydro:xy

quinol ine benzoate, 8- hydroxyquinoline sulfate, hydroquinone, p- nitro 

phenol , benzoic acid, and disodi um ethyl ene bisdithiocarbamate when i njected 

or watered i n basins at the bas of the t ree were effective as chemothera

peut ant s against the Dutch elm fungus . men oxyquinolin benzoete as applied 

to t he soil as a drench at concentrat i ons of 0.1, 0 . 05, 0 . 025, and 0 . 0125 

per cent for the control of Graphium ulmi hwar z {28) , there resulted a 

consider abl e reduction of wilt symptoms at the hi gher r a tes . It i s suggested 

by Stoddard that the effect of t he oxyquinolin benzoate was due to antidoting 
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t he fungus toxin causing the wil t ing and ias not due to fungicidal action. 

Takahashi (32) reported in 1948 the inhibition of virus increase in 

living cells by l o concentrations of ma lachite g=-een . ~'his inhibition 

appears to be due to its action as a block in enzyme reac t ions leading to 

virus formation . Dimond~ al . (9) reported in 1949 that 8-quinoline applied 

to the soil suppressed symptoms of Dutch elm disease for one year. In 1949 

McNew and Sundholm (23) reported the chemother peutic value of substituted 

pyrazoles and rel a ted compounds against leaf blight of toma to caused by 

lUternaria solani (El l . and G. Martin) L. R. Jones and Grout . The two best 

chemicals gave 31 and 44 per cent control . It was deduced by these workers 

t hat some of the c hemical was taken up by the immersed leaf and transported 

to the other leaves, where it provided protection by chemotherapy. 

In 1950 Feldrnan _!lg. (15) evaJ. t ed chemicals in the laboratory and 
I 

greenhous for their control of Dutch elm disease. The chemicals tha t were 

effective against the fungus were tested under natural conditions: Results 

were: (1) hydraulic soil impre©J,ation with lime suppressed wilting for at 

least one month when soil pH was maintained at 7. 0 or s l ightly above; (2) 

low magnesium lime gave better. disease control t han high magnesium lime; and 

{3} trunk inj ections of basic chemicals (NaHco3 , KRC03, Ca(OH)2 ) gave g ood 

control . 

Chapman _!l~. (6) reported in 1950 that eh~notherapy experiments 

conducted in the greenhouse have consi stently prevented infection of tomato 

plants with Fusarium wilt. The test compound was applied to sand and appar-

ently was absorbed by the pl nt. Their e:xper:i.nBnts showed that effective 

compounds prevented but did not cure Fusarium wilt of tomatoes . 

In 1951 Caroselli and Fel en (3) r eported that Carolate and related 

formul ations applied by hydraulic soil i mpregn tion reduoed in jury from Dutch 
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elm disease on more t han 2,000 woodlot and estate elms . The disease was 

arrested in approxime tely 70 per cent of the trees for more than 2 years. 

These workers suggest that t he ch icals were acting fungistatically because 

the fungus could be cultured from discolored tissue of trees tre t ed 3 years 

previously. 

Chapman (5 ) reported in 1951 studies on the relation of specific 

che otherapeutants applied prior to inoculation. He found that the chemical 

must be present in the area penetrated by the organism to be effective . 

Tests for zones of inhibition about filt er paper discs indicated t hat 

8-hydit>xyquinoline benzoate was not absorbed by cellulosic substances and 

moved through the plants to the top . In practi ce it was more effective 

against the elm twig invading Q_. Ll. t han against the tomato root invading 

Fusarium lycopersici Sacc . In contrast n-ootadecyltriniethylamnonium 

pentachlorophenate was tied up by filt er paper and was believed to be simil

arly held by cellulosic substances in pl ant roots. It controlled t he t omato 

Fusarium wilt fungus but not the Dutch elm fungus . Ark (1) in 1951 repor ted 

t hat the sodium salt of£. hydroxydiphenyl had possibilities as a chemotherap

eutant aga inst certain b cter i ol diseases of orchids . \~en diseased pl ants 

were completely i ersed in a 1: 2000 solution of the chemical for 60 minutes 

or longer, successful. control of the disease was obtained . 

In 1951 Stoddard (30) reported good control with 2-norcamphene methanol , 

4-chlor o-3, 5- di .ethyl phenoxyethonol, and 8- quinolinol sulfate against 

Fusarium 1ilt of c a:rn.ations . The treatments reduced wilt to 2.8 , 3. 2 , and 

4.0 per cent respectively, while the checks sho ed 50 . 6 per cent . Al.so in 

1951, Dimond and Chapman (8) working with hloro-3, 5-dimet hyl phenoxyethanol , 

and 2- norc phene n~thanol for control of Fusarium dianthi ( ill. and Del.) 

Sny. and Han . , reported results si mil r to those of Stcxldard (30) . The 
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che ·oals were al so effective against_. lycopersici . 

In 1951 Stoddard (31) reported using disodi um ethylene bisdithiocar bamate 

(Di thane D-14 ) for t he control of strawber ry red stele caused by P'nytophthora 

fragariae Hickman. Uni ta of 10 strawberry l ants growing in sand re ce ived five 

succ essive applications of Dith ne D-14 , 1. 5 and 0 . 75 per cent respectively •. 

The plants were t hen replanted in infested untre ed soil without fur ther 

treat~ent . The higher concentration gave 100 per cent control , and the lower 

60 per cent ; only 10 per cent of the check plant s grown in untreated ooil 

remai ned healthy. 

Cr o dy (7) in 1951 testing certain aryloxyaliphatic acids a s chemo-

therapeutants aga i ns t Botrytis fabae Sard. and Botr ytis cinerea Pers . infected 

be n plants , showed dimi nished rte of growth of the lesions on t he trea ted 

plants . 2- 4- 6- t riehlorophenoxyacetic cid, pentachlorophenoxyaoetic acid , 

and pentachl orophenoxyisobutyr ic acid produced aver ge reductions in disease 

of 30- 40 p r cent. Dimond et al . (10) in 1951 reported the effect of dyes in --
retarding the developmen t of crown galls . The dyes were used at a concentra-

tion of 0 . 05 per cent , and none of t hem preven ted gall development . However, 

gall si ze was s i gnificantly reduced in tomatoes by hypodermically inj ected 

dyes prior to inoculation . 

The remaining portion of this liter ture review i s concer ned with soil 

amendments applied for the control of soil-borne pathogens of pla nts . This 

review only parti lly covers the subject . 

Wilhelm (34) demonstrated that when bl ood meal, fish al , cottonseed 

meal, nd ammonium sulfate were a ppli ed to i nfested soil in pots , the 

inoculum potent i al of Verticillium al.bo- atrum as substantially reduced . 

Rudolph and Harri son (26) repor ted that when anhydrous ammonia , anhydrous 

am.~oni a plus ammonium polysulphide , cy namid, and sulphur were used on 
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infested plo t s for three consecu ive years , all failed to c ontrol Verticil 

lium wilt of cotton. '.Ihey also repor ted that sulfa te of ammonia and c rbon 

bisul phi de failed t o c ontrol the disease . 

'oKeen (22) us i ng tetromethylthiuramdi sulfide (Aresan) as a soil treat

ment , f ound it ef~ective aga i ns t damping - off of cucumber , pepper , spinach, and 

tomato , although control was more complete when seed and so i l treaunent with 

as n wer e combined. Heuberger (17) applied disodi um ethylene bisdithiocar

b a te (Dithane D-14 ) to t h e soil at the r a t e of 75 pounds per acre and 

received better control of d ping- off of peas than hen t etra chloro- paraben

zoquinone (Spergon) was used s a seed treatment . Di sodium ethylene bis

dithiocarbamate (Dithane D- 14) , applied as a soil treatment in the planti ng 

r ow t t he t i:me ,' f seedi ng , reduced marked reduction in the severity of 

roo t rots of bean ( 21} . 

Haensler and ! oyer (16 ) greatl y reduced seed decay and dampi ng-off with 

soil applications of c alcium cyana i de at the rates of 1 , 000 to 2 , 000 lbs . 

per acre . 'I'he same :orkers repor t ed that cal.ci um cyanamide used at the rate 

of 5 to 50 lbs . per acre and applied in close proximity to the seed i mmed

i a t ely before plant ing , also gave good contro l of damping - off and seed decay .• 

1allrer and Lar son (33) in greenhous e tests using soil with a pH 6 . 4 and 

applying calcium cyanami de at t he r a te of 250 lbs . per acre , prevented club

root infec t ion of cabbage pl ts. The pl nts in the untrea ted soil were al l 

infected . 

1elson {24) using zinc ethyl na bisdithiocerbam te (Di thane - ?8) and 

t et r amethyl thiuramdisulfide (Arasan), diluted l to 3 with t alc , obtai ned 

good control of onions utan dampi ng- oft . However, when tetr ethyl 

thiuremdisulfide and fonnaldehyde ere applied to the s eed row of soils 

heavily i nfested with onion smut , f ormaldehyde gave better control t han did 



asan . Riker et al. (25) have r eported suc cess in t he cont rol of dampi ng

off of pine seeolings by soil treat.r ent with calomel. .Also oil treatment 

i t h tetramethyl thiuram i.sulfide was rel atively effective not only against 

damping-off ut also gainst many weed seeds and winter injury . 

In greenhouse tests in flats the elubroot of eabbago , onions ut , and 

dampi ng- off of vegetabl e seedl i ngs we o control led by fungici es applied to 

t he soi l wi t h commercial fe tili zer use as a carr ier (11 ) . Doran and 

Sproston (12) have reported that onion smut w s con t rolled by ferric dimet

hyldithiocarbamate (Fermate) a t the r ate of 58 pounds por acre applied t o 

soil immediately before seeding . In soil treated with ferric dimet hyldi t 

hiocarbam te, there was only 1 per cent sraut , wh ile in t he un trea tod oo il 

there as 88 per cent. Sodi ni t r ite applied to soil a t t he rate of 4- 8 

oz . per sq . yd . four weeks before seeding vas effec~ive in controlling 

dampi ng- off of l ettuce caused by Hhizoc tonia (13 ) . 

8 
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MA'.ImU LS AND METHODS 

Tests of certain c hanicals to determine their effectiveness against soil-

borne inoculum. A heavy clay soil haVing a pH of a.o from Blair. Oklahoma , 

was used in the tests . The soil was obtained from a cotton field that had 

been heavily infested with Vertieillium w11 t the previous season. 

The different chanicals used in the tests, their active principles, and 

number of applications are indic t ed in table 1. The rates at which the 

ch ieals were used ere presented in tables :3, 4, and 5. 

TABLE 1.- Chanieals used against soil-borne inoculum and c hecked as 
possible chemotherapeutants. 

Trade Name 

Actidione8 

Arasan 
Bioguin 7008 

Bioquin 8508 

Di thane Z-78 
Dithane D-148 

Dowcide-B 
E. C .b 11828 

E. c .b 12078 

Fennate 
~al eic hydrazide8 

Mer.soli te vP 
O. c benzoa te8 

o. 0 sulfate8 

Sodium chlorate 
Systox 
T.C . A. 
Zerlate 

Active Principle 
% Aeti ve 
Principle 

cycloheximide 
tetrans thyl thiuramdisultide 
8 quinolinol benzoate 
8 hydmxyquinoline sulfate 
zinc ethylene bisdithioearbamate 
disodium ethylene bisdithiocarbamate 
sodium trichlorophEll.ate 
norcamphanemethanol 
chlorodimethylpheno:xy ethanol 
ferric dimethyl dithiocarbamate 
maleic hydrazide 
phenyl mercuric acetate 
8 hydroxyquinoline benzca te 
8 hydroxyquinoline sulfate 
sodium chlorate 
trialkyl thiophosphate 
trichloro acetate 
zinc dimethyl di thiooarbamate 

100. 0 
50 . 0 

100 . 0 
100.0 
65 . 0 
19.0 
50. 0 

100.0 
100 . 0 

76.0 

96 . 5 
100 . 0 
100. 0 
100.0 

50 .. 0 
90 . 0 
76 . 0 

nufacturer 

Up john 
DuPont 
Monsanto 

do 
Bohm & Haas 

do 
Dow 
Oarbide&Carbon 

do 
DuPont 
u. s. Rubber 
F. r. Berk 
:Merck 
Mallinckrodt 
Atlas 
Geacy 
Dow 
DuPont 

8 These chemicals were applied as drenches once a week for six eeks at the rate 
of l gram per 10,000 gr s of soil. 

bE. C. designates e:xperimentaJ. ehanical. 
ecxyq uinoline. 

The methods for applying the ehemicals were determined by t heir physical 

state . The wate r insoluble powders were mixed thoroughly with all the soil 



in the pot to mich they were applied. Two of the chanicals us ed were in 

granular form and were water soluble . These we1•e applied in 200 ml . of 

water directly to the soil surface. The chemical s in liqu id fonn were also 

diluted with 200 ml . of water and applied as drenches to the soil surface. 

The rates in all instances were ·applied on a soil weight basis . 

Inoculum which was grown on artificial media was added to eac h pot to 

make sure th at all soil used had essentially the .s ame inoculum potential . 

In all tests th e inoculurn was added to the pots before the addition of the 

chemicals . The source of the inoculum was fro m a stock culture maintained 

10 

in the labora t ory and isolated frcm a Verticillium wilt infected cotton stalk 

from Cotton Research Station , Tipton , Oklaho!ll:i , July, 1949 . The fungus was 

grown on three different 1?{pes of r;;edia to increase it for inoculation pur

poses . The inoculum for the first t est was grown on test tube slants of 

potato dextrose agar and used at the rate of one tube per one gallon glazed 

crock of soil. The inoculum fo r the second test was grown on 75 ml. of 

potato broth in 250 ml . nasks which were shaken twice daily for 16 days. 

'lhe broth was made by cooking 200 grams of peeled potatoes in a liter of 

water for 15 mi nutes.. One f'laSk was used to inoculate six one gallon glazed 

crooks . The inoculum for the other tour tests was grown on sorghum seeds 

for 14 days . One hundred grema of sorghum seeds and ?5 ml . of water, placed 

in a 250 ml . flask , were autoclaved once a day on two suecessi ve days for 

45 and 30 minutes respectively. The inoculum for the r e.a.s ining four tests 

was used at the same rate as was indic ted in test two . The inoeulum for all 

t he tests was incubated at 20° o. 

The Waring Blender was used in all the tests to prepare the inoculum for 

addition to the pots. The fungal IW ts of 28 test t ubes were removed and 

placed in the Blender and ma cerated tor 2 minutes for t h e first test . The 
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macerated material was then diluted with 2.400 ml. of distilled wate:t", gi.ving 

200 ml. of diluted inoeultun for eaoh pot. For the second test the fungal mats 

were removed from the potato broth in the o fl~i.sks and JJJace1•,i\ted for 2 .minutes 

in the Blendor. 'Ille macerated contents were poured ini:D a five gallon carboy 

and 4i1ttted ¥dth a liters of distilled wert:er. Each of the 56 o:ne iSllon 

glezed oroeks ot $oil r(!Jeei ved 200 ml. of diluted. inoculum. 'l'he preparation 

oi' the inoculura for the remaining tests was the sarucS as described for test 

two. 

'me inoculum was added to t.he soil in all tests by removing halt of the 

soil in tb.e pots and adding 100 ml. of the inoculum to the :.remaining soil. 

'I'he soil that hed been remove4 wtis then replaced, and the other 100 ml. we.$ 

added to the surfaee ot t.'le soil. The pots were then tho:r:oughly watered, 

ple.ced. in the greenhouse, and le:f't :f'o? 24 hours. Following this :p':}riod • six 

cotton seeds of" the variety .Aeala 4-42 were planted in each :pot. All tests 

were e.et up in the greenhouse as ra:ndo:mized blocks with ea.ell treatm&nt 

:re:plica.t ed four times. 

Th.e plants were fi:est obse:rved for extemici.l sy.mptc:mill of i.nf eeti:on suoh 

as wilting., mottling and yellowing o:f' the leaves, and obnormal leaf tall. 

f If no external .symptorns we:i:.·e produced. when tests were te:rmi:na.ted, then the 

stems were split and eheck.ed for vascular disoalo:ratio:gJ Tissue isolations 

were i:::iade to deter.mine if the :fungus was prese:nt when the plants .showed none 

of the above mentioned sym.pto:ms. 

tests to detemi:ne the etfecti veriess of ehanieals against inoeul'UID. 

placed in the plant tissues. The procedures followed in the pot tests pre

vieusly deeeribed, exeept for methods of inoculation., wer'e used in setting up 

these tests. 'l'b.e soil and cha:r1icals used were the same as those indicated in 

the first pot te~rts. 'I'he methods for culturing the Vertic:Ulium wilt organism. 
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preparing the inoculum, and applying the ohe-.mieals were the same.. The bae-

terial blight pothce;en {.X. malvaeearu.m) was oul.tured on potato dextrose agar. 

The method used to inoculate the plants with the Vertioillium wilt fungus 

was the ne-edle puncture method described by Evans (14). Th(:) technique used 

for inocul.ating cotton seedlings with !.• m.blvaeearum was a wounding technique 

described by Brinkerhoff (2). 

The criteria for d.etermintng the effectiveness of these ehelliieals as 

ohem.othere.peutante against !• elbo-a_·._t_r_um_ a.re the same ss those outlined in 

the previmlS te.$t.. To deterwine their effectiveness as systemic bactericides, 

tlHt inoculated lower epidermis of the ootyledo:ns were checked for typical 

water soaked lesions-... 'I'hese lesions appear in eheek plants f'rom six to eight 

&ays after inoculation depending on temperature and hum.idi ty. 

Field and ereenhouse tests tor the contl'Ol of ootton seedling diseases. 

'Ihe eh«nicals used :t.n the field end greenhouse tests and their active prin-

oiples are shown in table 2. 

TABLE 2 .... Chemicals used in seed row tests in the field and greenhouse. 

Agrox 
J;;.rasan 
2% Ceresan 
Dithane Z-'la 
Dow 9B 
Dowoide :B 
l!'-lll2 
Ortho-406 

Phygon 
3:pergon 
Systox 
'I\C .A .• 
4258T 

Acti~e l~inciple 

phenyl mercury urea 
tetrame thyl thiurar.1dieulfi¢io 
ethyl mercury chloride 
zinc ethylene bixdithiocarbamate 
zinc trichlorophenate 
sodiut1 trichlorophenate 

% J\cti ve 
Principle 

6 .. 7 
50.0 
2.0 

65.0 
50.0 
50.0 

N-triehloromethylthis tetrabydroph-
tllalimide 

2,3-diehloro-1, 4naphthoqu.inone 
tetrachloro-paraben2oquinone 
trialkyl thiophosphate 
triehloro acetate 
organic arsenie 

50.0 
50.0 
95.0 
50.0 
90.0 

7.7 

Manufacturer 

Chipman 
DuJ?ent 

do 
Rohm. & Baas 
Dow 

do 
do 

Calif .• Spray 
U. s. Rubber 

do 
Geary 
Dow 
Ghemagro 
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The rate at whieb. the oheii1.icals were applied in the field at Para-dise, 

Oklahoma wae 15 lbs .. per acre except tor Spergon, which was al.so used at 

three high.er rates (30, ao. and 120 lbs. per acre). The same amounts of th• 

chemicals were us-ed at Ohickasha, Oklahoma, but instead of using 25 ft. :rows 

as was tmed st Paradise. they were lengthened to 37 f'eet to help overcome 

phytoto:xieity. T.b.uo 0.11 the rates were reduced by one third in the seeond 

experiment. 

Ee.eh eh.emieal was well mixed with l pint of' fine sand which was used as 

a carrier, and plaoed in one pound pa.per bogs. A total o'f fourteen d1fferent 

chemicals including Spergon were used. This gave a total of eighteen 

different treatments,. including en nnt.reated ehe~k.. These treatments were 

replicated four tiL.1es and set up es a randomized block experir.1ent t,ith single 

row plots 25 tt. in length. 

The planter boxes on a two .row plantar were removed and replaced with 

large funnels... As the planter was drawn along et a slow pc,ce, two men. 

dropped 100 eotton seeds a:nd the sand-diluted ohfluioaJ. in the twenty five foot 

row space. This left a. .rel.atively marrow hand or treated sand in the bottom 

of the drill row. Stand counts, :post e.mergenee damping off, and phytotoxioity 

readings were taken to determine the effectiveness of the treatments._ 

Tests in the greenhouse which were set up in flats of soil were pri• 

marily concerned with the Rh.izoetonia seedling disease of ootto:n. 'Ihe flats 

were f.illed tb.ree ... fou:r.fos .full of -screened soil from the .Perkins Farm. The 

first test e:on.sisted of twenty f'lats set up as a randomized block experiment, 

with f.our replications. All flats of soil were sterilized for six hours in a 

steam eabin,et •. The -second test eons isted of fifty two flats, none or which 

were steril.ized. This teat was also set, up as randomized blocks and each 

treatment was replicated four tirr..es. 



14 

the source of inceul:wn was from a atGek oultwe of!• solani isolated 

from a inteeted cott.on lileedli:ng, J'uly lli, 1950, frem the: Oottou Research 

Station, Chicka~ha,, Oklahoma. The fungus was eult:ured on sorgb.Utll seeds ant 

:pre:pa~ed tor use as was previously described in the pot tests f'ol' !• albo-atl'ma. 

1Ihe eontenta of eaeh 250 ml. flask was used for 3 l/3 flats in the first 

test and for 7 fl.s.ta in. the second test. The inoonlum was incubated f'or 

eight days at ao0 c. 

'.two different methods were used in applying the inoculum to the two tests • 

.For· test l the .soil of ea.ch fl.at was placed 1n a large garbage can, and 200 

mi. ot inoouium was poured on· the soil an.d then thoroughly i111xead. For the 

second teat mo ml. of inc.x,ulum was placed in a .Mason jar w1 tll the li4 

punched 1':all of .$1l1all hc,le s and: th En sprinkled unU"o rruly 011 the soil at the 

seed level. 

'!he ehamieals used for the first greenhoWJe test were as. follows: Arasan., 

Sp.ergon 1 Phygon and Ortho-406. 'l'he same ehemicale plus Ceresan-M were used 

1:n the seoo,nd test. '!heir active principles are shQwn in table 2.. The 

· rates at whieh these ehet'lrioals were used are indieated in table 14. Chemicals 

tor each treatment were weighed at the indicated rate aud placed in a glassine 

bag. Each eha.ii.ical was then well mixed wi'th 50 ml. of extra fine sand \>ef'ore 

it was added to the na ts.. The proeed.ui•e in applying the o hem. ie.a1s was. as 

tellowa: eaoh flat was. f;tr,t divided into five evenly spaced furrowe, i ineh 

deep and t 1.:neh wide; the sand-ehsuieel mixture was then spread evillnl,y' the 

length an.d width .of each furrow,. After ehemical.s were applied, 100 Acal.a 

4-42 co.tt,on. seed.a, m to each furrow• wel:'e pla:nted in eaeh. flat. Each r1s.t 

was then.. completely covered. with it ineh -of' eoil and watered,. T.l.w procedure 

outlined in test l for a,ppJ.ying chemioalS was followed in setting up test 2. 

"fh,e tu.st test was incubated in the FibeJ.4 Laboratory of the Agronomy 

Department at 70° F • .tor six days. Afterwards the :flttts we.re removed to the 



greenhouse. Fo:r.' the second test. the flats were ineubi~ ted in the greenhouse 

~t an average day and nigb:t; tem.perature cf 7?° F. 

Stand counts were made two days after the first seedlings emerged. In 

the first test two difi'erent counts were made after the :first stand count; 

the seeoncl in two d!Iys, and the last in fo.ur days.. 111 tru'l second test, tbe 

plants were counted, every- dr1y for eleven days eft.e:r tt1e fi:rst stand ecurrt, 

.making a total ot twelve eou.rits. Only the surviving seedlings were counted 

in all of these counts, and after the la.st count the per eent of post r.~ier

gence dam.ping off w~ls determined. 

15 
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RESULTS 

Pot tests with soil bome in_go~lUI~· Tables 3, 4, and. 5 show1 the re.su.lta 

of teats eondue ted in the greenhouse. 'l'ho primary pu:rpcs e of the e.x:_oerimants 

was to test the fungieidal off.set of differ.ent che:nicals on V. albo-atrum in 

the soil. 

Due to the number of' chemicals tested, only those showing indications 

of eontrolling wilt will be discussed in any detail. Only four of' the 

eighteen c.hm,ieals tested at the rates employed gave indications of' })ossible 

eon trol of the wiH organism. 

Di thane n ... 14 applied as a drench to cotton plants which were grown in 

Verticillium infested soil preven tcd external symptoms ot nil t for the length 

of the experiment ('rable 3). The only evidence of pl1ytotoxicity wi'th Dithane 

D-14 was its affect on the true le.s,ves. 'l'he xmterial produced a mild chlor-

osis which was confined to an area between the 1rajor lee.f' veins. '.the chloro-

tic areas wer~ not yellmil but a dull white in oolor. Necro tie areas o:t' 

about 1/9 to 1/4 of an inch were t,lso produced on the tip of the leaf lobes. 

These sy:mptorr_s are shown in i'igure 1. "J:'he plants compared favorably in size, 

number of' leetves, squares, and bolls with the cheek plants in spite of the 

chlorosis produced by the Di thane D-14. None of the plants grown in the 

Di thane D-14, treated soil showed any signs of Vti.scular discoloration at the 

encl of' 143 days growth when the test was terminated. iJ'he fungus was not 

recovered in culture from four tissue isolations rnade from each stem. 

]1lersoli te w., which wo.s also used as a drench, gnve good indications of 
,/· 

controlling Verticillitmi wilt (Table 3). However at the rate used, the chem-

-iea1- was highly toxic to e otton seedlings in the cotyledon stage.; 'Ihe plants 

that emerged died three dars later. 'I'.hose pots we:ce left unplrmted f'o:r one 
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'lt..BLE 5,.- The effect of a chEll::deals appli;'.'ld a.s drenches once a week for 
six weeks to Vertioillium vril t inf eated soil for the oontrol of the organism. 
on cotton. 

Number of' days before nil t 
SJ!:!£;)2toms a12£eared 

'l'reatrn.ent Rate Replicates 
l 2 5 

.Aetidione l p.p.1'11. 28 41 36 
B •. '700 1 gr./10.000 gr. soil 28 80 91 
:s. S50 do 86 85 34 
Dithane D-146 do 14Z 143 143 o.: benzoate do 85 92 101 
O. sulfate do 63 28 GO 
M .. 0 hydraziie do 52 38 40 
11,fersoli te W do 143 143 143 
Cheek (inoculated) 31 48 39 

'soiii-o·a ot · 
variation 
Total 
Blocks 
Tref, trr:~nt.s 
Remainder 

l'F"lanta showed no 
was te:rrilina ted. 

boxyqu.inoline 
eM!aleic 

llil:i.alysia of variance of table Z 

Degrees ot 
freedom: 

35 

s 
24 

Sum of 

50,672.31 
692.51 

54,085.51 
5,994,.29 

square 

197 .. ~03 
6,760,.668 

249.'782 
LSD at the lzb level 31. 2 

external syrur,toms in 143 days a. t Vihieh time 

4: 
38 
90 
90 

143 
96 
48 
45 

143 
66 

Treatment 
Mean 

35.7 
72.2 
73.7 

143.0 
93.5 
49.7 
43.7 

143.0 
46.0 

]' 

value 

.790 
27.068** 

the e:x:i;:eriment 



Fig. 1. Cotton leaf sho ing chloro s i s produced by 
Di thane D-14. 
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week after the seedlb1gs died, end then :replanted wi thot1.t adding additional 

ehe,.m.icel. ..,'\fter the plants emerged, the chemical •;c;as &dded when plants formed 

the first two true leu;res. .Aftei· fo:rn1at ion of the true leaves, the plants 

tolerated the weekly- applications of the ehemic3l., The only visible evidence 

of toxiei ty was em.all, irregular, c:hlo:r.otia spots which developed on rnany of 

the leaves after about four weoks., 'l'hese spots wert1 whitGi in color t:1m1 

closely resembled thrip damage (Figure 2). Exoep't for tl1a toxicity in the 

seedling s.tage and the leaf cblorosis, the plants d.eveloped nonnally after 

overcoming the e:ffe(!ts of the ehe:cdcal. .t\11 plants comp:,red fa.vorably in 

size, nttmber of leaves, sq_uares, and bolls with the cheeks. Plants treated 

with !Lersoli te W. fail.ed to sho1n any e:xternal syr1rptorns of Vertie:Uliu.m wilt 

up to 143 de.ys, et whieh time the plants were removed and examined for 

vascu.ler diseoloration. Mone of the stems showsd wseu.lar d:isccloration., and 

the fungus was not r0eovered in oulture from tissue isol.eti ons. 

Chemical E. C. 1182 'used as a dre11eh gave indications of be.in&; ef'fect;ive 

agt\linst the Verticillium wilt organism {T~ble 4).. ':Chis ehr:!fnic al was also 

phytoto:de to cotton seedlings at the rate used.. The first visible eVidenee 

of this toxicity we.s a brownish discoloration of the stau appearing two d&ys 

after seedling eme:rgen.ce.. The following day ·the discolored area began to 

shrivel and the cotylod.o:ns were wilted. Jk day le tor the sta.ns turned black 

and plants died. :A photograph of th:i.s ph3rtotoxi.c reacti0n in cotton seedlings 

Ls shown in figure $. 'l'o overcome this to:rdcity ,- the semo procedure used for 

lf:ersolite ... w was followed. The plants treated 1u:lth E .. C. 1182 t,lso tolerated 

the weel:ly applica:tion after development or t:rt1e leaves.. Jtfte:i: f'ormation of 

the true 1.eaves,. the only visible evidenee of toxicity was a slight stunting 

as compared to the check. 

The first external SJi'!nptoms of' Vertictlliu..rn wilt in plants tree.tod with 
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Fig . 2. Cotton leaf showing chlorosis produced by 
f.,ersoli te- W. 

20 
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TABLE 4.- T'.ne atfeot of 2 experimental chemicals applied. as drenches 
once a week for six weeks to Vertic.tll1mn wilt in.teated soil for the control 
ot the fungus on cotton. 

Mumber of days before wilt 
symptoms ap:peared 

Ohemtcal Rate 

E .. O. 1182 l/64.000 
E. C • 1207 1/4, 000 
Oheok {inocula tetJJ .. 

1 
93 

1558 

56. 

Replieates 
.2 5 

1556 155 
155 

5'7 
. 155 

55 

Analysis of warie.nee ot table 4 

Source of Degrees of' Sum o:t' 
variation freedom sguares 
Total ll 29,508.,.92 

t:eon 
s9uare 

Blocks 3 1,578.~2 526.506 
Treatment$ 2 26,353.17 1!"5,178.585 
Remainder 6 1,576.83 262.80 

4 
155 
155 

47 

'l"'rea t.men t 
lriean 
139.5 
155.0 
48.7 

value 

2.002 
50.139** 

the experiment 
was termina ted. 



Fig. 3 . hree- day-old cotton seedling showi ng 
stem shriveling produced by Experimental 
Chemical 1182. 
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1:. c. 11B2 developed. in one replicate efter g3 days. rrhe other three rep

lica. tes :temained free for 155 days, Ht which tin2.e this test was te.r:mina ted. 

The plants were removed e.nd stems examined fo:r vascular discolore tio:n. Ve1·y 

faint, small, intermittant specks confined to the lower half of the stem we1·e 

the only evidence of discoloration. Tissue isolations we1·e il'ctJde from the 

discolored portions of each stem, a:nd the fungus was recovered in culture. 

}1. C. 1207 used as a drench gave better control of Verticillh,m wilt 

than 1;. C. 1182. However at the rate used it we;s just as 1,hytotoxic to 

seedlings in the eot"yled.on stage as E. C. 1182, nn.d stunting was ::nore evident 

than with E. C. 1182.. 'Io overcome the tox ieity of E. G. 120?, tt1e p:i.·pced:ur·e 

descri.bed. for :M.e,:tsolito-W wf;s followecl. ,vhen ths~ expe:rimen:t was te:r.'il1irns. ted. 

(ofter 155 days) none of the replicates with Ii:. c. 1207 showed any e:z:tern2l 

symptoms of Verticillitt'n wilt {'.t'able 4). The ple,nts were removed, and a11 

stems exarnirrnd i'or vi,scular discoloration. The stems appE:,ared to be freo of 

discoloration, e.nd the fungus wises not rocovorecl in culture from tissue 

isolationB .. 

'l'able 5 shows thH results of thirteen chemicals applied orily once to 

Verticilliu.m wilt inoeuleted. soil. Analysis of the;;::e results howev·er shokL 

no s·tati0t.Lcel differences, but ln sevorul replicates the ch0lriic&ls appeared 

to be :fungiste,ti.c. :':hon test was term.inatod in 92 days most ot the plants 

shcnwing no external sy:mptonis had slight vascular d5.scolor£ltion when ster:cs we:ee 

examined. 'Ihe wilt :t'1mgus i'18s rocovE,recl in cul trx·e: from 1;:;11 of the slightl;t 

discolored st2ms. 

Figuro 4 shows the ;phytotoxic affect of Systox, TOA, L:rasan> Fermate, 

Zerlete and Dithane Z-'78 on two-week-old cotton seedlings ·whe:n e.pplied at the 

rate of 1 gram per 1,000 6:rans of soil. .l'.i'iguee t, is a photog:raph oi 3-::o<1c0;1':-

old cotton plants comparing 'JJJA and Di thane D-1 11 applied at the rate cl' 
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TABLE 6 .. - The effeet of 9 chemicals applied to Vertioillium wilt 
infested soil prior to plan.ting .for control o.f fue fungus on cot·ton. 

Numbe1· of days before wilt 
Sl!f!l:WIDS a1weared 

Treatment Rate Replicates 
l ~ 3 4 

J.rasan l/10,000 80 928 60 64 
89 926 92 62 Bioquin 850 do 

Ditha11e Z-7S do 79 45 67 79 
Dowicide-B do 66 1'/1 78 68 
Fennate do 44 7:2 928 88 
Sodium. chlorate do 81 60 928 92 
Systo:x do 
T.C.A. do 

66 8'7 928 88 
79 $0 92a g2 

Zerlate do 67 54 67 92a 
Ohec,k (inoculat,ed} .. 44 78 55 92a 

ko.a:lysis ot variance of ·cable 5 

Source of Degrees of Sum of :Mean 
sgy..are variation 

Total 
Block:s 
T:rea tm,ent.s 
Remaittd$r 

freed.om . squares 
39 9.165 .. 90 
3 777.90 
9 l,976 .. 40 

27 6,401.60 

259 .• 300 
219.600 
237.096 ., 

L'3D - at the l~~ level 30.2 
«:l?lants showed no external· symptoms in 92 days at rm.ieh: time 

was termina ted. 

'l'rea tmen t 
Mean 

74.0 
83.7 
G7.5 
ece.2 
74.0 
81.2 
133.2 
85.7 
70.0 
ee.? 

F 
Wltt$ 

l.095 
.929 
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Fig. 4. Two- week-ol d cotton seedlings showing phytotoxicity 
produced by t he fol lowing cha:n icals: 1 . Sys tox , 
2 . TCA, 3 • .Arasan , 4 . Zerlate, 5. Fennate, and 
6. Dithane Z- 76. (Note necrosis wi th Systox , leaf 
crinkling with '.IDA, severe stun t i ng with Araaan, 
Zerlate, and Fermate , and chlorosis produced by 
Dithane Z-78 . ) 
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Fig. 5 . Three- week-old cotton seedlings grown in soil treated 
with 'IOA and Dithnne D-14. From l eft to right, first 
end second pots TCA, third Dithsne D-14, and fourth 
check. 
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l gram per 5 1 000 grams of soil with untreuted cheok. 

t~sts to determine the effectiveness. of chemicals against inoculum 

pla.eed direetl:y in the :plant tissues. 'l"he results of the chemicals tested as 

systemic t'ungioides against!• ~-a.trum and f. m.alvacearum, are shown in 

tables 6, 7, 8; 9, 10, and 11 .. None of the eighteen chemicals added to the 

soil prevented inf€Gtion when the two organi.sms were pleoed d.ireetly in the 

plant tissues. However some chemicals retarded symptoni expression longer 

than others. 

Plants treated w1 th Bioquin 700 showed wilt symptoms in 12 days. Rep

licates with Bioguin 850 showed ,,ilt symptoms rariging from ll to 13 days., 

'!he Di thane D-14 replicates showed wilt eympto:ms at 13 to 16 days. Plants 

trea. ted with Mers.oli te ... w produce.,d wilt symptoms in 13 to 14 day.s... :Plants 

treated with E .. c .. l:l82 shewed typioe.l wilt symptoms at 12 to 13 days. 

Plants treated with E .• O. 120'7 showed wilt symptoms at the end of 12 days. 

The alleok plants for the above treatment a showed symptoms in 8 to 9 days. 

All the otl1.er treatments compar-ed elosely w.i. th the ob.eeks in number of days 

before wilt symptoms were expressed. 

Tho same chemicals tested against bacterial blight did not differ too 

mueh froui the eheck :plsnts in number of days before first symptoms eppeered .. 

Plant$ t1~ea ted. wi. th Di thane D-14 and E. 0 ~ 1207 showed sy:mptmm after 10 t.o 

ll days. The rest of the 0110r,1ioals compared with the check plants which 

showed typical blight sympt-o:ms in 7 to 8 d.ays ('Pa.bles 9, 10, and 11) • 

.Field and greenhouse tests for t~1e eontrol of cotton seedling, 6:,1~.-

0ne field test was ecnducted at Paradise a-nd another at Chickasha, Oklahoma. 

They were set up to test the effecti ve:ness of tlle chemicals listed in table 2 

against cotton s-eedling diseases. Of the cher.1icals applied to the seed row 

at 15 lbs. ;per acre in the field, Spergcn, Phygon, Ortho 406, Di thane Z-78, 



28 

TM3LE 6.- Data obtained with 8 fungieides tested tor their ehe:mothera
:peut:i.e control of the Verticillium w.il t fungus when pl1:,ced in the stems of 
oo tton .seedlings. 

Number of days befo:r-e v1Ut 
-~s;v:m.:p toms a:v12ear.,e!, 

Che.:11ical Rate heplicates Tl0.ea twent 
1 2 3 4 nrean. 

.&ltidione 1 p.p.m. g a a 8 8.2 
B. 700 l/10,000 l.2 12 12 12 12.0 
B. 860 do ll 13 11 12 11.7 
Di thane D-14 do 16 13 14 lS 14.0 
o. a benzocte do 8 9 9 8 8 •. 5 
o.s sulfate do 9 9 8 8 8.5 
f' b hydrazide do 8 8 8 8 8.0 "'"'·'• 
Eersolite Vl d.o 13 14 13 13 13.2 
Cheek \ipocu.luted) ... 8 8 9 8 a.2 

VJ• 

,, __ 
. 

Analysis of varhmce oi' table 6. 
Sm.n· (Hl of Degrees of Sum of Hean F 
variation .freedom S,9U@.r.ef!_____ _ s9...uere volue 
Total. 35 203. 23 
Blceks 3 1.23 .410 .836 
Treatments. 8 190.23 23.778 48 .. 526** 
.... R .... em ..... a_i_:n..,.d .... er"--------24~-·--· _____ ll .... · _ ....... 7,,...7_ .. 490 • '702 

--·---·---·· __ LSD - at _t}1~..J1L1.e.Y..!l.i!:4 .. --···---------
00xyquinoline 
b:Maleic 

T.1-'IBLE ? .- Data obtained with 2 experimental chemioaJ.s tested f'or their 
chemotherapeutic eontrol of' the Vert1oillium wilt fungus whe.n placed in the 
stems -0f cotton seedlings .. 

Rate 

Ur.,m1ber of days bat.ore wH t 
sy!nptow$ 6ppeared 

Replicates ':i:'r~atment 
l 2 3 4 m.aan 

E. O"' 1182 1764,000 12 12 12 . 13 12.2 
E. 0. 1207 1/4,000 12 12 12 12 12.0 
g~eck.Jino~ulate~--~~--- a 9. o s a.5 ·------"-"---

Source or 
varia. tion 
Total 
Blocks 
:fl:'$8. tments 
Berm ind er 

lmalvsis of variance ot table 7 -·~-~ ··--
Degrees of Sum of Jvlean 

freedom sguo:res square 
11 36.92 

3 .250 
2 35.167 
6 1.50. 

.OB3 
17.583 

.26 
-------------IS-0 D-- at thelit level, .M9 

.332 
90.532** 
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TABI.E 8.- Data obtained with 8 fimgicides testea. i'or their chemothera
peu. tio control of' the Verticilliurn ·wilt f'Unga"il w11en placed in the stems of 
cotton seed1ings .. 

liJumber of days before wilt 
•• §Jc:L11£torus appe1:1red 

Rate Heplica tes T:rea tment 
1 2 3 4 mean ~--~~~----.,.....----~~~~~~--~--~~~--~----~--~--~~~~ ....... ~~ .A1·asan 1/10,000 8 8 8 6 8.0 

Dithane z ... 79 do 8 8 8 g 8.2 
Dowiaide-B do 8 9 8 8 8.2 
Fer.mate do 8 8 9 8 8.2 
Sodium el:11.orw.te do 8 8 9 9 8.5 
Systox 
7)erlat~ 

4o 8 B 9 9 B.5 
do 8 8 g 9 B.5 

'1'01\. do 8 S 8 9 8.2 
Che.ck (inoculated_- ) - 8 8 9 8 8. 2 _..._,_ -----------------· ·---·------·--------·,<......_-,,._..,,... 

Ana)d[sis of variance of table 8 
Source of Degree~ of Sum of J:ilean 
variation freedom soua:r:es sgua:re 
Total 3.5 '7.639 
Bl(.ieks 3 2.505 .'768 
'I'reat1nents S .. 880 .110 
_n ... e~ .... m ... a. .... 1n ... d ..... : e ... r _________ 2 .... 4____ 4 .• 454 .. 186 

LSD .. at .the 1% level .9 

]' 

value 

4.129* 
.591 
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TAJ.U:,E 9.- Data obtained with 8 chemicals teated as chemotherapeutants 
· against eotyledonary inoculation ot !• ma!. vacea.rum. 

.Aetidio11e l p.:p.m .. 
B. 700 1/10,000 
B. 850 do 
:Oithane D-14 do 
o .. a benzoat.e do 
o.a suJ.fate do 
\IA b h ..i- ·•J:i .,;; m• .jl'u..ir8;Zlue u.O 

Mersolite W do 
Oneok (inoculated)"': 

Number of days bet ore water · 
soaldy apJ;H:lar~til 

Replicates. 
l 2 3 4 
7 8 7 8 
a a a , 

' 8 ' ' 10 ll 10 10 
a a e a 
7 a 7 a 
8 S 8 7 
s. 8 8 8 
v 7 = a a 

lm.alysis of variance or table 9 

•:rrea tmen t 
mean 

7.5 
8.2 
7.2 

10 .. 2 
a.o 
7.5 
7 .. 7 
8,.0 

. 7.5 

Souree of Degrees of Sum of Mean F 
variation freedom sq,uar.!? . . .a-oo_· ._r_e.... _____ ._ve .... ,J"-.1._ie_· _ 

~~ ~· ~00 
Bloak.1 3 l.-39 .463 
Treatment 8 26.00 S.250 

2.424 
17 .. 015** 

Remainder 24 4.tu .191. 
_,. .................... ~------------~--~~~~~~---~~~--~.;;..;...;;;..~~~----·----LSD - at the 1%; level .9 



31 

TABLE 10.• Data obtained with 2 experimental chemicals tested as oheru.ot
herapeutan.ts against cotyledona.ry inoculation of !• malvaoeerum .. 

Chemioal Rate 

Number of days before 1!',-a·ter 
sooking a;p;Eeored 
l 2 Z 4 Treatment 

mean 
E. 0,.. 1182 1764,000 8 

10 
7 

Replice,tes 
e 9 8 

10 
8 

E. C. 1207 1/4,000 g ll 
Check {inoculated} - 8 8 

" 

.Analysis of variance of table 10 
Source o.f 
variation 
Total 
Blooks 
'l:reatment 
Rana.ind er 

Degrees of 
freedom 
ll 

3 
2 
e 

Sum of 
aqusres 

14.667 
.2.00 

11.167 
1.500 

h'.een 
sqµe.re 

.666 
5.583 

.250 

1? 
value 

.266 
22.332** 

LSD ... at ·the 15b level .~4.·_ ----------

TP..BLZ ll.- Data obtained with. 8 chemicals tested as chemotherapeutants 
against cotyledon~:ry inoculation of!_. !qt-lvac~~t!!!.· 

Number of day.s before water 
sonki~ a1wear~d 

Gh6lllieal Rate RepUeatee :Treatment 
l 2 3 4 mean 

.Arasan . 1710' 000 -- 7 9 7 8 7.,? 
Di thane Z-'78 
Dowioid.e-B 
Jfenn~ta 
Sodium chlorate 
S-1stox 
Zerlate 
TOA 
Cheek (inoculated} 

Sou;ree of 
variation 
Total 
Bloeks 
Treatment 
Remainder 

.. : 

do 8 8 8 
do 8 7 9 
do 7 7 8 
do 7 7 7 
do 8 a 8 
d-0 7 7 'l 
do 8 7 7 

7 B 7 

Anal~ai.s of variance of table 1~7 

Degrees of 5'u."ll of lli:iean 
freedom sguares square. 

35 12.98 
3 
8 

24 

.D9 
3.?3 
9.16 

LSD - at the, l,o level 1.2 

.. 03 

.466 

.:381 

7 7.7 
a a .. o 
7 7.2 
8 7.2 
a a.o 
8 7.2 
'1 7.2 
7 7.2 

: == F 
value 

.0078 
l.223 



11.rasan, and Systox produeetl the best stands. The l"\',SUlts of the tests at the 

two J.oca"liions &re shown in tables 12 and 13. 

In the teat conducted at Paradise, Oklahoma, Di thane Z-'78 £sti!.Ve the 

highest per cent of surviving seedlings with an average of 49.0 per cent for 

the four replications. Systox, a systemic insecticide, had an average of 

45.5 per eent. Ortho 406 had 41 •. 5 pe.r cent au.rviving seedlings. Spergon was 

next with 38 .• 7 per eent, while JJhygon had ~7.0 and. the check 36., 'l per eent. 

Dowieide-.B,. F-1112, TC.At Ceresa.n-r\/!, Dow-9B, ancl Agrox produ.eced considerable 

toxicity in cotton seedlings when used st the rate of 15 lbs .. per acre. 

ri'.'h.e same ehernicals testod t\\t Ohiokasl:u:., Oklahoma, but used at a lower 

rate. gave solilewhat diffel.'ent re1:n.1lts. In tilis test Systox produced the 

highes·t; per eent o:f surviving seedlings with 81.0, an average of four rep

licates. The only visible evidence of phytotoxieity was small, neerotie 

las.ions produced on the first four or five true leaves.. Hepliea tes treated 

with O:t•tho ... 406 had fill average o.f 79.2 per cent seedling survival when sttmd 

.counts were made., Replieates treated with Phygon, .i1rasan, Dithane Z-'78, and 

S:pergon had '75.0, 72.5, 65.7, and 62.0 per cent respectively for seedling 

survival. 'lne check .replieat es had a relatively high per cent of' seedling 

survival, '72.0. 'IO.A was the only chanioal i.n th.is test to produce any amount 

of visible phytoto:x:iei ty other than the necrosis produced by Bystox. Rep

licates tree.ted vii th 'ICA had poor stands,, and seedlings vmre .severely stuntett .• 

Th.e poorer germination with the majori fy of the chemicals in both tests in

('Ucated that toxicity might be an iruporta:nt 1:acto1'. 'I'herefore, lower rates 

were used in subsequent tests. 

The e:x:perim.errts in the greenhouse were oondueted to obtt,in further 

information on some o:f:' th.e chemicals that were used in the field tests. 

Some interesting data were obtained froi:11 the !i:rst greenhouse test of 



TABLE 12 .. - The effect of 1!3 chemicals applied to the seed row at 
Paredise, Oklahoma. for the oontrol of cotton seedling diseases,. 

. ...!'otal survivin~ se~dllngs 
Trea tm.en t Rate Replicate, Trea :tmen t 

Spergon 
do 

--·~···· l,.11..-

do 
do 

:Fhygon 
OI•tho 406 
I>ithane Z-78 
.. b.grox 
Arasan 
Cheek htntrea. t:ed l 
4268T 

2x 
4X 
ax 
lX 
do 
do 
40 
do 

u 
Dow 9B do 
Oereaan do 
TOA do 
Systox & 8:pergo.n do 
Systox do 
F-1112 do 

_____ _l_ 
2 

31 45 
Sl 22 
16 6 

4 7 
39 35 
37 56 
55 5S 
l4 23 
24 34 
39 35 
lJ,$ 12 

4 10 
9 50 

17 10 
52 23 
40 49 

5 4 

'5 4 mean 
- 31 -38.'7-

_ ... 

48 
8 16 19 .. 2 

10 21 13.2 
8 9 7.o 

44 30 57 .•. o 
3S 36 41.,.5 
47 38 49.0 
lS 8 15 .• 7 
19 54 27.? 
il 42 36.7 
25 16 17 .. 2 

0 l. 3.7 
12 14 16.2 

8 5 9.6 
$7 30 30.6 
46 47 45.5 

0 11 5.0 
Dowieide B do l 0 0 0 .025 -·--·-· -·-------·-------------

. .Ana,lzsis. of variance o:f table 12 
Souree of Degrees of Sum .of Mean F 
Vll>riation. freedom. sgu.ares sg11are. value 
Total · 7l 18,878.00 
BloakS 3 168.'77 56.25 1.303 
Treatment 17 161 508.50 971.00 22.504** 
Remainder . 51 2 1290 .. 73 . . 43!..15 

LSD - at the l~~ level 12,. 
lliu, grams per 25 rt. row space or 15 lbs. J,>er acre with 40" row spacings .. 



TitBIJE 1,3... ttne ef'fect of 13 c::t1ernica1s epp.lie.d to the -seed rov; at 
Ohickash.a, Oklahoilla, 1:o:r the control of cotton seedling diseases • 

...-...-.__..., ' ,,·.--:-,,-__,_,. .. _____ _... __ ", _ ..... .,,...... - ----=·--. ~--===== 
_"___ - - _j;otal~sm:"vivin~.13e~ 
Treatment Rat.e Replicates Treatment 

, .•• --- ·--~_, _____ _?____ ·-"·.2---·-_!_-~-~ m~JL __ .,_ 
1~---, 39 '76 66 6'7 62.0 Spergon 

do 
do 
do 

Ph.ygon 
Ortho 406 
Di thiuHu Z-'78 
_i\grox 
.Arasa:n 
Check {untreated) 
4288T 

2X '70 67 28 
4:X: 
8X 
lX 
do 
do 
do 
do 

47 49 55 
44 11 44 
8:3 73 ?2 
81 
'78 

?{) 79 
?4 81 

50 69 48 
76 71 51 
82 55 79 

lX 58 63 63 
Dow 9B do 55 26 56 
Ceresan do '71 69 63 
'l'CA do 17 8 15 
Systo:x: & Spergon do 64 44 59 
Systox do 83 75 80 
F-1118 do 67 59 13 

'73 59 .• 5-
65 53.5 
27 31.5 
72 75.,0 
78 '79.2 
30 65.'7 
37 51.0 
73 72.5 
'71 '72 .. 0 
40 56.0 
55 48.0 
65 67.0 
1.2 1!3 .• 0 
50 54.0 
86 81.0 
15 38.5 

_D_ow_·_i....,c_id_·· e_B_: _____ d_o ____ , _____ ._ .15_·. _____ 2 __ 1 ____ 8_8_ .. ---...---.....,.;,--17 35 .• 2 

. __ =-~~~1l~s::2.:C:~~±e .lb::..::.~,------
So-u.1:ce of Degrees of Sum of Meal'l F 
veri:.;ition .• ---1£.e~e_§..om _ .. __ . __ sq\~ q9.u&re value 
'fo tal '7.1 35, 629. 99 
Bloeks S 702.57 
'l'I'tHatment 17 22 ,080 .• 71 
Remai.nde.r . ""'·-·, 51 •. 12 1846.91 

234.12 
11298.86 

251.90 
LSD ... at the ,.120 level 20 

""a_l_3_g_:C_w_·11-.s-. -r,-,e-r_3_7_·_:_ft--·.-.-.-ro-,"'-s-spaee or 11.3 lbs. per acre with 40" row spacings. 



fungicides appliad to the furrow for the control of the Rh.izoetonia disease 

ot eotton seedlings. The resu:l ts of these date are indieeted in table 14, 

The following ehemieals were used in the first test i .Arasan, Or tho 406 1 

l?hygon, and Spergon.. Flats trea tad with Spe:rgon had the highest per cent of 

seedling survival vii th 56., 7, an average .of the four :replicates.. '!'here we$ 

ll:0 V1$1ble evidence of phytotoxieity in any of the tlats treated with Spergon .. 

'Ille four replicates treated with .Arasan had an average of 54.,.5 pe:r cent 

seedling survival when last stand eount was made, 6 days after the fir.S·t stand 

eowit.. 'l'hei•e wa:$ also no visible evidence of toxicity produo.ed by Arasan 1n 

any or the f'l.ats. Flats treated with Ortho 406 were 1 day earlier in seedling 

etuargenee ~an the other treatments.· 'l'he four replicates treated with 

Ortho 400 had an av.erage o:f 52.0 per aent s,ee'iili:ng survival. Phygo:n used at 

the indicated rate seemed to be toxic to germinating seed.lings. In eaeh 

tlat treated itl th Phygon, there seemed to be a considerable n'Qmber of seeds 

that failed to germinate, and a'lany of those that did germinate had difficulty 

1n shedding their seed coats. The check flats had only 12 su:rvinng seed:lings 

when the final stand ooUlilt was made. This gave an average of 3.0 per cent fof.' 

'!be seeond test .of f,mgio1des applied to the seed row consisted of 

Ceresan-M w1ua included to compare it with the fungicides applied to the seed 

row. Ceresmn-M applied to the seed row was quite toxic. Ge:rruination in 

flats treated w1 th Ceresen,-M was two days la te:r than the other four treat• 

men ts.. As the germina. ting seeds ewne in eontaet with the Ceresan, a bulbous 

eondi tlon was produced in the hypoeotyl region. However the seedling devel ... 

oped normall.y after the radical penetrated the treated zone. Cereaan had the 

highest per cent o,f surviving seedlin1s upon termination of the te,t. 



TABLE 14.- The effeot.1 ve:ness o·f fungicides applied to seed r0v1 tor the 
control of the illlizoeto:nia seedling disease of cotton under greenhouse 
eomli ti ons. 

'freatment 

~a.san 
ortho 406 
Phygon. 
Spergon 

Rate 

.23 grams/ft.3 

do 
do 
do 

Total surviving seedlings 
Replicates · 

.1 a s 4 
01 02 sa o7 
84 28 25 73 
25 30 15 50 
M 55 so es 

Oheek (iuoeulated) - 0 0 3 ~ 

Souree of 
variation 
Total 
Blooka 
Treatment 
Remainder 

.Analysis of va~ianee of table 14 
Degrees ot Sum ot Mean 

freedom squares square 
1s 1s.oe&.05 

3 l,418 .• 95 
4 8,909.SO 

12 !,737.BO 

472.983 
2,2.27.450 

228.150 

1reat.ment 
mean 
54.5 
52.0 
25 .. 0 
56.7 
s.o 

F 
value 

2.07$ 
97.650** 

LSD - ·~.t the 11~ level •. _5_2 ..... 5 ___________ _ 
7 .•. 5 lbs.fa.ere with 40" row spacings. 



Flats treated with .Arasan gave the higb.es t total of emerged seedlings, 

,and there was no evidence of pnytotoxicity in the four replicates. When th1' . 

test was teminated after 12 days, Ara.sen ,ra:s aeoond to Ceresan-i'A in total 

surviving seedlings. Flats treiated with Spergon or 0:rtho 40& had the same 

numb.er of emerged seedlings, and there was no evidenee of phytoto:de:ity with 

either eh.en1ic&l at the rates employed., 

damping-ot:f better than did Ortho 406. 

.Spergon controlled pos t ... eroorgenoe 

Ortho 405 treatments had the highest 

per eent of post-emsrgenoe demping ... off of' all the el:i.emicals applied to the 

seed row. Phy_gon, at the high rate, showed evidenoe of being phytotexic. 

Seed11ngs in f'la:ts tree tad with P.nyson had dif:t'icul ty in shedding their 

aeed ooa ts and. were retarded in growth. a.a a reaul t. Seed treatment with. 

Oe.resa1} ... M gave the lowe~t total o:r tuil.ergeii seedlings of all· the ehemieal 

treatm.en ts.. r.Ihere was an average of 48 EI!l:e:rged seedlings for the four rep

li@ates • and 75 :pe:t.' eent of these damped: ... off.. When the first stand counts 

we.re made, the fonr check flats he d a tote.l of 8 emerged seedlings• and aft@~ 

the seven th day all of these had damped-o:ff (Table 15}. A photograph 

comparing Ceresan-M, Arasan, Spergon, and Ortho-40'5 with cheek and seed 

treat.men t is eh.own in figure e .. 
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TABLE us.- Data obtained \d th f'u.:ngicides applied to seed row for the 
oontrol of the Hhizootcm!a seedling diseiu3e of cott.¢1:n under greenhouse 
conditions .. 

:Mean of 
Rate 'Ibtai emerged 

seedlings 
'1'otel surviving Post-e.mergenc>e 
seedlings ai'ter demping-orr 

12 days 
Per oent Per 11ent 

High rate 
Phygon .,23 grWI1s/:t't • 67 40 
J.,rasan do 80 63 
Spergon de 78 48 
OereS'a..."l-ti do 73 66 
Ortho ... 400 do 76 34 

Low rateb 
Phy.gon ~-15 gren1S/ft .. 96 41 
Araaan do 82 53 
Spergon. d.o 7l 4l 
Cereaan-M do 16 61 
Ortho-406 do 78 32 
Seed treat&d 
with Ceresan-M 2 gr/kilo .• gr.seed, 48 12 
Che-0k (inoeulated 8 0 

Source of 
variatiQn 
Bi@ rate 
'!Qtal · 
Blocks 
Treatment 
Bemaindff 
tow rate 

Degrees~ S'um of Mean 
freedom ~9.uare.s $@are 

19 
3 
4 

12 

5,554 .. 55 
2,595.35 
2,32'.l'.$;10 

812 .. 00 

798.450 
581.SOO 
e?.Gee 

'll'ota.l 19 6-,936 .. 95 
JUooks 3 4,038.95 l,402,.B60 
Treatment 4 1,985.75 495,.938 

40 
34 
38 
10 
55 

47 
55 
41 
19 
58 

75 
l.00 

F 
valu,e ··-

ll.799** 
B.598** 

22.6:06** 
7 .• 992** 

_Rem __ a_i_n_d_e_r __ ~------~---1-2~~-~ .J...4_4_;._6_9---~~~----0~2~._0_54_._. -.....-~~~--~-
filgh :ra ta LW .. at the 1% level l 7 

, _ . L?,W rate :t.~.ID - at ~a_ ii; level l 'l 
8Equ.!valent to 7,..5 lbs/acre with 40u row spaotngs. 
bEquivalent to 5.7 lbs/aere with 40tt row s:paetngs. 



Fig. 6. A eompa~ison of seed row applications of fungicides with 
seed treat ant and an inocul ted check . Top row left 
to right, Ortho 406 , Spergon, and seed treatment . 
Bottom row, check, Ceresan-M, and Arasan . 
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D!OOUSS!ON 

Sevel"a.l em.endments, when applied as drer1chee to pots (}f soil in:oeula ted 

with.!•- albo-aU111m, were effective in bringing about a substantial J>eduction 

of viilt tn cottOl\ plants. Dithan,e D-14,. Mersolite.-W, and E. C. 1207 eomp-

men ts eliminated the 01·ganism in the 11/lO 11 or me.rely inaeti vated the .fungus 

eo that it was unable to penetrate the host. lf the fungus penetrated the 

from plant tissues. It is conceivable that these a.menwnents may have 

eiff'eet-ed eontl"Ol of the dieease by improving the :rm.tri tion of the suseept, 

O,hapman (5) :reported that when certain chemicals were applied to the soil 

they would be transloca ted to the top of the plant if' n.ot absorbed by eellu-

losie substances., and if absorb®d by oall'Ul.o$ie substances, would be held by 

the roots. 1n. view of this, it is possible the al.love three chenioals were 

absorbed and held by the roots, thereby preventing penetration.. 11.hen the 

question arises, why 1s the chenical on.J.y et:t'ecti ve against the organism 

while in the roots and not effective ill th~ soil? One possible ane\ver could 

be that when thtii ehel:ll:l.cal is being absorbed by the .roots end held,. it is in 

a greaiter cono.en.1,ration than when rdxed thoroughly vd:th the soil. On the 

other hand> if the eht111ieals were absorbed and translocated to the plant 

extremeties, they would be of little value in eo.ntroll1ng root invading fwigi 

unless they were fungi toxic when applied to the soil. A ehernical Gt this 

-type would be more e:f'tec.ti ve a.gain.st foliiage atta.,,td.ng organism:;,. If the 

seme pots had been repla:nted upon termination of the experiments, it would 

be possible to detennine if the organism had been eliminated. by the· soil 



amendments. 

O:ltyquinol.ine b-en.zoate,. E. c. ue2 •.. Bioqu.in 850, Systox (a systemic 

inseetleide) •· and 10A showe-d evidence of being f.U.ngiatatio against!• 

albo-atruro. at the rates employed. In several .replicates treated with the ·----
above em.endllleu ts, only slight e:tt:e,rnal and internal sy11aptoir,.s ot wilt were 

produeed as. eC>mpared to the checks. (It is ooneeivable that the amendments 

were being 3D$orbed and trmnsloea.te(l, thereby suppressil'.lg fungal develop ... 

ment. .Also the possibility exists that the amendments were pa :rtially 

inactivating tile toxins produced 'by the wilt tu:ng:us-!1 

When the sam.e soil srnenilments. were tested against tiasue .inoculations 
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symptom expression. lt appears from the res'Ul.ts obtained that same· chemicals 

were being absorbed and. tra:nsloeated, while othera were not. At any rate, 

severe! of the &il.enoments suppressed symptom expression :from one to several 

days longer than the eheeks.. Vv''h.en ~ithane D-14,.. :t/Iersolite-W, and :e:. c. 1207 

were used es drenches againe.t soil-borne i.noeulum, they gave ax-eel.lent control, 

but used as systemios. they were only partially effective.. It is probable 

from this evidence tht;it the tmendrtents, When being absorbed, were rendered 

partially inet'fec ttv-e by the plant tissues and ju.foes. It is also probable 

tllat th:::, absorbetl ch('.:rnfo.al is not present in the e.rea of inoeule.tion in 

large enough quanti.ties to be tungitoxio.. When the ,~noculum. was pkoed in 

the above ground :portions of the plc1nt-, the Wolllldtng of the tissue could 

have interfered with translooetion in that area long enough for the organ1$Ill 

to beeome established. 

There is evidenee that E .. O. 1207 is absorbed by the plant when applied 

to the ·soil,.. The chemical bas a c.hereeteristie odor,. and the leaves of' . 
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treated co·tton plants tnli:e on this odor shortly after application .• 

A note of interest is that only those chadeals applied as drenches were 

effecttve ill the above investigations at the rf,tes employed. 

Seed. t'ow applications of ohern.ieals for the control of' co·tto:n seedling 

di.seases shouJ.cl. be i1weatiga ted. :further because seed t;reatmen t has not gi van 

adequate control in m(my cases. rr When con.di tions a:re optimum for growth of 

the damping-oft fungi, seed t1~ea·tment is usually not too effective.. One 

possible reason why it is 1-1ot too effeotive is that wl..1en conditions are 

optimum i'o:r growth of the demping-of't' fungi" soil moistu.re is such th.at the 

chem.ie$l is :readily leached away from the :aeed. ere t. To overcome thi.s sit

uatio:n. a chemical will have to have good !'eiaidual and fungi toxic qualities 

tor 2 to 4 weeks a:fte:c planting. In O:t'der to get more adequr,te control, a 

largtllr a,nount of chemical should be present :i.:n the area of the germinating 

e.eed.~ Jm ideal situation would be one where the chemical prot0eted the 

seedling from the aeeo. bed to the soil surfaee,. l\lso • further e:i..1;erimen

tation on rates and :methods of applicatie:n should be 1ua~j· 



in contro.lling Vertieillium wilt of cotton.. No symptoms, external or 

internal. were o'.'beerVl.id 1n plan.te grown in so:tl treated wi t1l Di thane D-l.4 or 

Mer11H>li·te .. w when the test was terminated a:ttex 143 days. Pl.a»ts treated with 

ln inoeulated soil w1~ E .. C .. 1182 used a:s @ drench as above,, there were 

ext$.:rnsil wilt symp1;oms in one plant 93 days foll:owt.ng planting. The r·emaining 

3 plants .in this teat show-ed no external s~mptoms in 165 day$ when the test 

Mersoli te-W mixed vd th eoU suppressed wilt aymptol'ls in. cotton plants 3 to 

8 days long-er than. no treatment,. '?he cotton plants had been manually 

inoculated above ground w1 th Vertiejllimn albo...a t:rum .... 

Cotton seedlings 3mwn in soil treated. With Dithtm.e D-14 or Meraolit~!, 
'\ 

reta,r4.ed the- development cf baeterial blight lesions .3 days longer then the 

untreated plente-. 'I'he cotton seedlings had been inoculated with Xanthom.onea 

me.l vae:ea:rum in the eotyledonery stage •. 

Jrasan.. Ceresan,-M, Orthe 406, Phygon, end Spergon e.ppl:ied to the seed 

.row i» fl.at$. of inocuJ.ated soil f.or the control Gt' the so.reah:ln disease of 

eotton., produced hiShlY sig,:11:fioant results. Flats treated. with the above 

chemicals bad considerably htgb-er seedling survival w.b.en the tests were 
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