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I TRODUCTI N 

Cotton is the , st iuiport nt orop in the Sout rn t tes. 

Throughout the area where cotton is grown the plants are atta.c ed 

by various organisms eauaing plant disease and crop losses. ny 

of these organimna are knmm to live in the soil from year to year 

while others are seed~borne and are reintroduced into the soil each 

year with the cotton seed• These organisms are frequently ao de

structive in the germinating and seedling atagea or the cotton 

plant that it is not unoomnion for the cotton grower to use a seed

in rate 10 or more times in excess of the expected stand.7 

Seedlill@, diseases re import9:?1t to the cotton grower because 

ofi (a) poor .etand.s. (b) nece sity of'. replantinb• (c) decrease in 

production because of frequent skips in rows. (d) excess amount 

of cotton seed required. (e) the ny seedling diseases which later 

develop into lint- and boll-destroying iseases. (r) the lessened 

value nd amount of lint cotton pro uced per unit area~ (g) weak• 

en1ng of the plants ,. making it much easier for secondary r ganisms 

to infect the cotton• 

Damping off and other seed.ling diseasee of the cotton plant 

may be caused and accelerated by a number of organisms. Arndt2 

in a study of the etiology of damping orr of' cotton seedlings. in 

South Ce.rolina in 1935 isolated the follO'W'ing organisms f~om 

diseased s.eedline;s: Glomerella goaaypii,. Fusarium 8P•• Pythium ~

timum, Rhizoetonia ![•, bacteria of various types. and several 

a eoies of nematodes. In 1937 Arndt3 found that the presence of' 

. 1 

the nematodes increased stuntin0 of t he plants by Fusariuni m.oniliformeJ 



that typical damping off s produced by Glomerella ossypii; and 

that the presence of Fusarium !f• reduced germination and pro

duced lesions on the hypocotyl but did not cause typical damping 

oft~ Lebmia.n.10 tested 35 s-eed lots of the 1936 cotton crop f'rom 19 

counties in North Carolina.. He found that 81 per cent of the seed 

bermina.ted ; 40 pr oent 01' the ~eed i n ::»l of the lots ere inf'-ected 

· ith Glomerella 6ossypii and 31 . 4 per cent of the seed of a.11 lots 

were infected with variou pecies of Fusarium among hich F. monili

forme was frequently r ecognized. S awl5 also reporting on cotton 

rlj seases from the 1936 North Carolina crop. o,md -r- . sinf'eetum 

present in the soils of an extremely l arge number of farms. aw 

stated that for the season of 1936. damping off caused a reduction 

in yield of approximately 133. 650,000 peunds of seed cotton valued 

at $'7. 066.720. Ce.mp et. a.1 . 6 report from a survey in Florida. the 

diseas&s most conmion during the first 2 monthe of the season to be 

sore shin caused by several organisms particularly Rhizoctonia 

aola.niJ angular leaf spot (Bacterium malvaoeanun); and nlt(Fuaar ium. 

vaainf'ectum). They also found a large proportion of Fuaarium mcnili-

fonne to be present. 

iller12 collected and r oeived sain les (25 to 50 soedli~s 

per sample} of the 1938 cotton planti 11vs from Vir1:;,inie.,. Uorth Caro-

lina1 South Carolina. Geor gia, AlabaTila. issi ssippi, Louisiana , 

exas and Tenn ssee. These S$ mp es were cultured and t he funti 

a sooi ated wi th the di seased seedlings entif. by Ul lstl"Up of 

the South Carolina Experiment Station. L:_r the 344 cult res examined. 

Glomerella goasypii was found 283 timesJ Fusarium moniliforme. 239 

t-imee ; Rhizoctonia solani, 44 timesJ F'uaarium ;2• 161 times; ~hium 

2 



sp. 15 times ;' Diplodia gossypina., 11 times; Rhizoctonia (Sclerotium) 

ba taticola.JI. 15 times; Fusa:rium ~nf ectwn., 4 times J Sclerotium 

rolfsii •. 3 times and Aspergillus .!£.•• once. Glomerella gossypii 

was found to be the predominant organism in 240 cul turings f Fusarium 

moniliformeJI 14 culturings; Rhizootonia solani ,. 11 oulturings and 

the others (organisms as listed above) 79 culturings. Glomerella 

gossypii was found to be the predominant organism in culturings from 

every state except Texas. These survey data are important because 

the,> show the predo inance of G. bos ypii throughout the Cotton Belt 

east of t}e Mississippi River reachine, an apparent west ard limit in 

Texas . 

iller and ·eindling13 collected and received S8.I'l.ples of the 

1939 cotton ple. tings f rom Alaba.l"lB., Arvansas, f',eorgia , Kentucky. 

Louisiana. .Ussissippi . ~issouri . Jorth Carol· na. ,. () la .orna. JI out . 

Carolina. , Tennessee. Texas rid Virginia. A total of 462 samples 

were cultured of which 41:3 (89.4 ·pe:r cent) yielded Glomerella ~

sypii; 407 (88.l per cent) Fus&.rium moniliforme; 61 (13.2 per cent) 

Rhizo~tonia solani; 191 (41.3 per c~nt) Fusarium sp. ( of which!• 

w.sinf'ectum made up 70 to. 80 par cent); 21 ( 4 . 5 per cent) Rhizoctonie. 

(Sclerotium) bataticola; 10 (~.2 per cent) Diplodia gossypina; and 

256 (55. 4 per cent) other funr,i incl uding Alternaria .!!:•J P~micillima 

:!f•• Asper ·illus ..!E• and other unidentified species. Here again G. 

bossypii is the predonunant orbanism east of the ~.!ississi ppi River 

and absent in Texas and Oklahoma . 

The fore ·oinb references bive ample proof of the presence, 

variety, and destru~~iveness of seed-borne organisms of cotton. 
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cotton it is desirable that information be •vailable on the spe

cific pa.thobenicity ~f t hese organisms in their relationsrip to 

the seedline, cotton plants. The purpose of this paper is to pre

sent t he results obtained by the triter in s oil inoculat ion ex

periments Yiit I many of tl ese organisms. 

r TE'R IALS AND '"!'ffl()DS 

~ r The cotton seed used in this experiment consisted of three 

varieties namely I Oklahoma Acala aeed from the 1958 orop grown in 

Oklahoma J exas Paymaster seed from the 1939 crop grown in Texas; 

and D. P. L. 11.A seed grown near Hattiesburg. Missi&sipp1 1n 

1938. The Oklahoma Acala and Texas Paymaster seed were portions 

of the seed used in the uniform seed treatment tests 0£ the Cotton 

Disease Council (Test A) in 1938. 

Experiments were conr,.uoted to test the pe.thogenici ty of the 

various ort:,anisms by; (.e. ) inoculation of t he or~auisms into ster

ile soil and subsequent plantinb of sterile cotton seed , and (b) 

inoculatin0 cotton seedlings rown in test tubes on water agar. 

It was planned to gro 'I the plants in the soil under a ny varying --

conditions of soil acidity, tem ere.ti re. moisture , and light as 

feasible. 

The cotton seed were delinted. with concentrated sulphuric 

aoid and graded to remove internally infected seed, then surface 

sterilized by immersint5 in 10 per cent calcium hypoehlorite for 

a period of' 5 minutes . immediately before planting in the soil. 

The seed wer,e planted in soil which consisted of 2 parts loam. 



l pa.rt sand and 1 part sewer sludge. The soil was thorou1:,hly miX'• 

ed, screened to remove forei gn material, ~and sterilized in an 

autoclave at 15 pounds pr~ssure for 50 minutes. The soil was 

~l ac~d in Z4 i nch cla pots, each of which had been sterili zed by 

L ii1.ersin in l;oilin.c, a tar or a ·1eriod of inutes '.J.'he inooul ~ , 

youn!!:. cultures of t he organi sms to • tested, was used at the rate 

~ o 5 tubes (approxi tely 50 co. of agar) per 20 pot of soil . ~he 

organisms were cultured on otato dextrose agar or a per i od of 0 

to 2 wee~ he organism.s were removed from t e tu es ith 

sterile instruments and mixed with elean sterile &and in a mortar. 

The fungus-sand mixture was then added to the proper amount of ster-

ile soil. Care was exerci sed to keep water which might oonta.minate 

t he cultures from being splashed on the growing pl.ants. Water was 

boiled,. then cooled before being used to water any of t he pots .. 

The orianisme used in the experiment.a are l i sted 1n Table u . 
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~ Table II , . List of or 

u ture iro . : ~ 

.a.ni SlilB used in soil and -test tube inoculation ex11eriments . 

"i -Isofated b1._t_Loo_atio_n., isolated f'roms _£ate: Identified by 

t : I 

""3"5 1 Jl'usarium so!ani Mart. . • K • .Starr : olcre. . : cotton seed : 1938: c .. D. SherhakoIT 
, v. su:ffuscum Sherb. : Cheater : : : : 

38 1 Fuse.r!um chlamydosporum : .K. s-Earr r okla. : cotton seea·-:...,I...,9""S""'c"'"".-: _,c ..... ""'c,....,.-s,Th_e_r._.b-a .... k-o-r:r-

4Z' 
s ,"ir. et Rg. (?) : Chester : : = : 
r Fuaarium bullatum Sherb. :· 'K. Ste.rl· : Okla . : cotton aeau : 19!:Ss:c.b. Sherba.koff 
: v. minus Wr. et Rg . , Chester t i , : 

44A. I Fusarium soirpi Lamb. et : K, Starr: Okla. t cotton seed,l""'9'='3~a-1 """c"".-=D ..... -=s ... Ee_r...,&-~""01r .. r-
l 1''e.utr. , Chester : a : 1 

lr-·- : Fusarium scirpl Lamb. et :, J,. Harvey t Oicla. • cotton seed t 1940: J . Harvey 
t Fautr111 : }4ol,aughlin t : a s 1&01.a.ughlin 

___ B _____ :_Fu .... s-e.rium soirpi Lamb. et : J. HfA.rvay I Okla.. 1 cotton seed : 1940, J., :darvey 
: Fautr,. v, aouminatum ( Ell.: McLaughlin , c • s .Mcr..a.ughlin 
: & Ev.) r:r. : : : a : 

20 : G1omere1la gosaypl! (South.) d.fl, Amat : s.car. ;-cotton seed t l938: C.H. Arndt 
: ~ , : I I l 

R~7 a scle:ro-i;ium be.taticola. T'au'li, N . V·i , Ray , Okla. c cotton root":J:939 i W .. w. Ray __ _ 
41 , Solerotium be.taticola Ta.uh: <hTe1uiyson : Okla. r cotton root : l93~ t G. Tennyson -- -- -- - --· - - . - - -- · --

1 · : Rliizootonia. solani Kilhn ---= J .. ~iarvey : Okla ~ , potato tuber : "1"940: J . Harvey 
1 Hcl..aubhlin J , : 1 l,Ic!,aughlin 

R i- Rhir.ootonia sole.ni Kllhn a David Lunn, Okla . 1 cowpea stem : TIMO: David Dunn 
61 t Alternaria spec ies : 1~-:-~~ .. Ray-,---bkle.. i ootton seed -.--l~S-9,\', .v .. Ray 

( externft_l) 
p cotton seea-1-I940i J~ a~.rvey 

(external~ t -~ ;_~l,su,rhlin 
cotton soe 1 1940, J. Harvey 

: Penfo-:l.11 tum speefes , J ~- Harvey- -,- Olila . t 

: i McLaughlin t 1 

A t Asner gitlus n iger v . Tieg.: ,T. Ha.r.rey i ()f.:Ia . t 

: : 1{oJ.o.ughlin ; , Pctau~hlin -..;i 



EXPBR 'ENTAL RE~ULTS 

Experime t I 

One hundred sixty pots of so were inoculated w·t. t e following 

organisms.- e.s indioatedJ 

Culture No. 
l8 
20 
24 
27 

115 
R37 
C I 
CII 

Organism 
Fusarlum moniliforme 
Glomerella goasyp11 
Fuaarium vaainfectum 
Fuaarium va•1nfectum 
Fuaarium monil1forme 
Sclerotium batat1oola 
Uninooulated check 
Uninooulated oheok 

iio. Pots 
20 
20 
20 
ao 
20 
20 
20 
20 

8 

Each pot was planted with 6 surtaoe-sterilized Oklahoma Aoala seed 

of the 1938 crop. Af'ter seedling emer gence the plants were thinned to 

S plants per pot . Ten pots inoculated wit h eaoh fungus were placed 

i n the laboratory by a inaow ith southern e;xposure. The rema.iniDt:, 

10 pots of ea.oh series were placed in a ,reenhouse here the tempera-

t• re was usually between 70° and 80°F. The plants were watered daily 

with boi l d water . [ At the terminat·on of 22 days each individ al 

plant was removed from its respective pot ad exe.,n·ned or evidenee 

of fungal injuryiJ Three degrees of injury were r c gnized: "S" ,--

slight injury. no outstanding evidence of dieease -was observable 

yet the root systems or hypocotyla were visibly a.tt.ackedJ "H",-heavy 

1nfect1.on with marked damage to the roots .or hypoovi;yl~ l~sions very 

pronounced in moet cases, very evident dark disoolore.tions, growth of 

plant Visibly affected anti retarded• and 411!",.--modan.te injury. roots 

or hypocotyl obviously attacked but apparently only •light injurious 

effects suffered by the plants. Plants which showed no injury or 

attack whatever w re scored nN"• These degrees of attack and injury 

are used thro t,hout the r ema:nd.er of t his paper. 'l'ne resuliJ of this 

experi ent are sunnnarized in Table III • 



Table IJI . Tabulated r esults of O::<.t1eriLent I shov,1n~ pereent nt;.;e infection 
~ by eack organism and severity of infection . 

Symbols are as indioated on page a. · 
Organism : 'l',:..te.1 : Tota1 1 TotaT-t 1:'of..a.1 , 'l'otal , 'J'otal : Total 

·io . : wo . 1 ~age t 1 age , 1 e.ge t rt{ a.gs c ~ a ge 
Laborntory tests : Pots :Plants : Tnfected : "R'' 1 nHo ,, «;-;" , ''N'' , 

No. 18 Fusarium moniliforme : lO t 29 : 2i . 1 : 0 a 16 .3 : 13 . 7 : 75 .8 : 
No. 20 Glomerella goasypii : 10 : 30 : 96 . 6 : 83 . 3 : 13. S : O : 3 . 
No . 24 i<'usarium vaeinfectum , 10 : 29 : 37 . 9 : 0 : 6 . 9 : 31 . : 62. 
No. 27 Fuearium '18.&infeotum : lo : SO : 33 . 3 s O : 3 . 3 : 50 . : 66 . 6 
No.115 Fusa rium moniliforme i 10 s ~O : 33 . 3 i O : O : 3~ . s : 66.6 
No . R37 Sclerotium butaticola : 10 : 30 : 20. t O : O : 20 . : 80. 
No. CI Uninooulated oh&ck : 10 a SO : 0 : 0 : 0 1 0 i 100. 
No. CI! Uninooulated cheok : 10 : SO : 6 .6 : 0 i O : 6 . 6 : 93. 3 

Greenliouse teats · 
No . 18 Fuse.rium moni lifor:ne I 10 t 30 ; 83 . l 0 I 20. : 63 . 5 : 16.6 
fo. 20 Ulomerella gos sypii : 10 . 30 

= 
100. r 66 .6 : :w. I 13.3 : 0 • . 

No. 24 Fuse.rium vasim'ectum : 10 t zo l 4 0 . : 0 r 20. : 20 . : eo. 
Wo. 27 Fusarium vas i nfeotum : 10 : 30 . 53 . 3 t 6 . 6 : 3 . S t 43 .S I 46. 6 . 
No.115 Pusa rium moniliforme I 10 I 30 : 60. : 10 .. t 16 . 61 33.3 . 40. . 
No.R57 ~olerotium batatioola ' 10 : 30 t 40 : 0 l 0 ' 40. : 60. 
No. CI uninoculatbcl check I' 10 : to : 1:.h3 r 0 • 0 i 13 . 3 : 86.6 
No.CU Uzun:;culated check : 10 : to I 2~.::, : 0 : i) . 3 : 20 . I 76.6 

\0 



The root systemsof the pla.nts &rown in the laboratory were 

very sparse· with few lateral roots whereas the plants gr own in the 

greenh~uae were al.most root-bound and with normal growth of lateral 

roots. 

10 

The above ground portions of the greenhouse plants were v1ell de

veloped. The results With the plants in the laboratory indicate that 

Glo..aerella 9oasypU is a severe pathot,an on cotton seedlint:,s and that 

the other organisms are only sli.)ltly pe.thoe,enio under the conditions 

of the experiment . The results with the Greenhouse plants also show 

Glomer~ gossypii to be a very sove:re pathogen. Pusarium moniliforme 

attacked quite generally in the greenhouse but Vfi th o ly slight sever-

1 ty. 

Experiment II 

.Experiment II w~s set up t.o determine the pathoge.nicity of the 

organism4 already tested. e.t cooler temperatures than usual for cotton .. 

The arrangement was the same as in experiment I~ with 3 additional 

organisms added to the list being tested, as may be noted in Table IV. 

One-half or each series was placed in the laboratory by a winddW with 

southern exposure and the remaining half of each series was placed in 

a cool portion of the t:,reenhouse where the temperature varied very 

little and avera~ed about o°F. The results are ~iven in Table IV. 



Or 1<.anism 

'l'able n,· . Tabul~ttid results of experin;.ent II showint percentar;o infection 
l>y each or ..,aru.sm and .rnveri t y of infection 

Symbols are as indi•t~d on pe.ge 8. 

: Total : Total : Total : Total : Toti. I : 'l'ote.J. : Tote.I 
lo . ; i;o. = 1,iage : % age 1 1o a.Ga . ~ at:,e : ,; a t,e 

I.abora.tory tests : Pot3 snlants :Infected, "H" f IJM" ' 
II ,~ ,i : nN" .... 

t 

: 
~o . 18 · F'usar:l.unt · monil i for"l"le 10 scr-~, 86 . 6 ' 2r.s · 23. ;::; : 40. 13 .'"3:-1 : ! : 

No. 20 "' lomerel} a gossypii 1 10 . Sl . 100 . : 77 . 4 : 22 .s: 0 : 0 f . . 
iro. 24 Fusari\J!Tl Vf~S5.nfeotui:n J 10 : :S 2 i 81 . 2 : 21 . 9 t .n .2 : 2R .1 : 18 . 7 
no. 27 Fusarium vnsinfeotum : 10 f 29 : 69 . 6 .• 20.7 : 27 . S ~ 41 . 3 ! 10. 3 
No . ll5 Fusar ium moniliforme ' 10 : :n : 100 .. : 16.1 : ~l.":: .H . 9: 0 
No.R37 Solerotium bata.tioola : 10 . 31 : 93 . 3 : 13 . 3 : 26 . 6 : 53 . :S : S.B . 
No . A A.spere;illus speoies : 10 : 29 : 82 . 7 . 24.1 . 2 7 . 5: : 01 . 1 : 17 . 3 . . 
No. P Penioillium apecies . 10 : 30 : 83 . 3 : 20 •. t 20 . : 43 . 3: 16 . 6 . 
No. 7 Rhizoctonia solani l 10 : 26 : 92.3 . 23 . : 26 .9: 42 . 3: 7.7 . 
No . 0 Uninoculated o} ·eok : 10 : 30 : 26 . 6 : 6 . 6 t 6 . 6 : l S. ~ : 73 . 3 

Greenhouse teats - -
No. 16 Pusariuiii"!iionilifonne , 10 ' 28 ' 75.4 ' 14 . S : 17 . 9 , 42 . 9 t 25 . 
No . 20 Glomerella gossypii ' 10 • ~o t 100. = 95.3 ' 3 e3 r z.s J 0 
No . 24 Fua$.r1um vasinf'ectum I 10 l 32 I 96 . 8 I 15. 6 I 2l e8 I 59 .S: 3.1 : 
No . 27 Fusarium ve.sinfeotum. . 10 ; 30 ' 96 . 6 • 6 . 6 I 43 . S : 46.6 : 3 . 3 . 
No.116 Fusarium moniliform.e : 10 : 30 : 100. : 16.6: 40 . I 43. 5 : 0 
No .R37 Sclerotium batati cola : 10 : 32 : 81 . 2 I 21.9, 12,5 i 46 . 8: 18 .7 
No. A Aspergillus species I 10 

= 
30 I 83 , 3 : 3 ., e.:> : 13.3 t 66 .B l 16 . 6 

No . P Penicillium specie& . 10 : 30 I 93 .. 3 : 6 ~6 I 16. 6, 70 . ; 6 . 6 . 
No. 7 Hhizoctonie. solani : 10 : Sl : 80 . G t 6 . 4 t 16.l t 58 . : 19.S 

O• C Vninooul ated c neck : 10 I ..il i l tJ .1 . 0 t 0 : 16.l I as .a . 

I--' 
j,-1 
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These plants were grown in t he pots f or a period of 28 days be

.fore exami ning . Examination revealed the.t practically all the plants 

both in the gTeenhouse and laboratory were· becoming root-bound . The 

plants growing in soil infected with Glomer ella. ·ossypii were the only 

ones to show above-ground effeote of dise se . All other plants appear~ 

ed externally healthy. These results o.gain ehaw thet ! • r;oHypii ia 

a. serious plant pathogen on cotton. It may be observed that all organ

isms usad in the ex eri ent showed 0 eneral attack an infeo.tion., how

ever,. i t h the e::c:oeption of ,!'t• 0 o.ssy ii ., t he ul.8.jor port ion vf the 

att eks were classed as sli ht . Thes plants o.lthouih infected.,. show..

ed as go d growth as d i d tho c heck plants. 

Experiment I!! 

Exper i ment !II was arrange to determim the effect of constant 

light and temperature upon the patho{.;enioity of the organisms. The 

same group of organism.a were used in this experiment as in experiment 

II. an_e-balf of each series was placed 1n a warm room of the green

house. The other half of eaeh e~ries was placed in a windowless 

room with two doors whioh were kept closed. Two 300-watt eleotrio 

lights were fiO plnoed as to throw continuous light upon the plants 

from a distance of approximately 3 feet.- An overhead light was also 

k-ept burnillt, continuously. Thus li1;;,ht was constant and eotttinuous 

nnd t he teillJ?arc.ture varied between 730 and 7S°i. The results are 

given in Table V. 



To.bl • 'J.'11hulatod roeults oi' e::q,~riment n:r ahowine; poroentaco inf tion 'by ea ck 
,z•c;wn under ty of infeot1on . Plants in lahorat~1·;r 

iio"'l+.inuous lii::;ht • . Rvml:iol s a.re a s indica.tfld on ni:1ge 8 . 

~~anbm -----·! , 1'otal · ; 'f ot"a! ; ·rotai = 1'ot:1:1.t : Tott:\ 1 : ,., ol:TI ! 'l'r.-i';c. J 
l ro. ' 110. ' ~ flge i ~ a ge : % age : • , n t,O t ~ •te 

laboratory teet, t I>ot1 :Planto i lnfec,ted 1 "H'· • "M" . lt,:,:" t "r-1 te . ., 
a Fiisarfwil monili?oii"e t • Id" ,w~ ia.6 (5 S. J . 

i1,J .. 5 bS .. s t t t = f 

20 Glotwr1,lla goanypa s 10 l 50 t 100. ,, 10(). • 0 . t 0 : 0 
7o . 24 Fuear:i.um .va.aintee'bu:m t 10 ; ~o ~ ss.~ • s.s; 10. t 40. i 46 . 6 

lhh 27 i•ueerium vaeinfcctum : 10 ; so I 46. G t 0 • S .. 3 a ,~ . ;, I 63 .3 
lo . 115 Fuaarii.tm m~nil1forinS t 10 , so l 70., • 3 . 3 ' 10. = 66 .. 0: 30 . 

No•R37 Solorotium bat&.ticola ' 10 ' ao J 70. t 0 I 6. 6 t -03.5 1 30 . 
Ho . A A.aperbill,us spec1&a • 10 f 5~ : 16. 5 • 3. 3 • 0 ' l ~. 3 : as.s 
o. p jPonicill1u:m speoie• ' 10 ¢ 29 ·i 10.3 ' 0 ; 0 : 10.s , 89. 6 

No. '7 RM 2:ootonia s ole.:ni • 10 r ~ . 50. t 3 "3 a 13 .. a, s~ .z; 50. . 
110 . 0 Uninooulatad chock ,: 10 i 30 t 6. 6 • s.3 • 0 t s.z ; 9:S . S 

· ' ' C~eanlicbse teats ·~·-
~o. lS Fus&r:i.u:m. .~onilifOrm.$ I 10 t 30 r 9S.S ' 0 t 20. r 1z.3, 6.B 
Jo . 20 Clom.erella wo&$ypi1 : 10 • i!9 : 100 , . i 100. : 0 I 0 t 0 
lo . ~4 i' ,uariuu1 Vl\Ginfectw,1 1 10 ' 51 J 90.:.» $ 16. l ' 0 , : ·u.,.2 : 9. 3 
o,)l.')7 belerot5.1.:x.1. batatioolQ . 10 • 29 ; 1s.;;. • l(;. : 10 .. : vs .. o : 20. 

·IO t A Asper~illus epoaieb ' 10 J ~o t •10. J 0 : u : '10 . , l oo. 
tfo , P PeniG:ll i UL~ species 2 10 • ~o . to. f i . i,) t ~.s : -'t •. ~. ' 10. . 

0 • 7 Hhizootl)nia. solani • 1-0 1 so • {)~ . ii t s.s JI 10 • • 40. t 46 •. i., 
~.ro . C Untnoo:ilnted oheok I 10 l 50 • 0 t 0 i 0 : 0 t 100. 

~..iw- ·--.-.....-- ·~--.... - --

t 

t 

' i 
l 

t 

' • 
• 
' 
t 

: 

' $ 

I-' 
CA 



These plants ,vere grown in the pots for a period of 14 days a.t 

which time they were examined. All plants growing in soil inoculated 

with Glomerella gossypii were severely injured. The root systems of 

e.11 other plan-ba were becoming root-bound. however all plants except 

t hose infected by E.• goaaypii were a.ppe.rently heal thy. he tops of 

the plants grown in oonti.nuous light were 6 to 7 inches in height, 

the o-:;her la.nts averabed S to 4 inches-. The results .of this ex-

periment at,ain shO\'I that!· 0 osaypii ia a sevare,. killing; cotton 

under continuous lic,hts in no case causin more than slie,ht injury. 

However,. T.'usar ium !!:onili£onr1e. To . 18 nd _. vasinfeotum,. o. 24. 

eausad apnroxi ately 75~ slight infect on res ee ·vely alt ought e 

only apparent above-ground dame.ge w s sl· e t stunting of the grow-

1ng plants. 

Experiment IV 

Experiment IV was arranged to test the pathogenicity of the 

rollawing additional organisms, 

Cultur-e No. 
34 
36 
58 
42 

' 441:. 
61 

D 
l) 

C 

Orpni8111 
Fusa.riw:i semi tectum 
F. solani v. suf'f'usoum 
F. chlamydosporum 
F. bulle.tum v. minus 
F. aoirpi 
Alternaria apecies 
F . soirpi v . acmuinaturu 

• soirpi 
l.fninocule.ted heck 

No. Pots 
~o 
20 
20 
20 
20 
20 
20 
20 
20 

Observations i n the previous experiment disclosed the fact that 

the root sy stems were ~rowing out through the s 11 opening i n t he 

bott m of the pot and were t hus exposed to attac f rom a 1 organis 

in the nei hborhood of the pot . To elim±nat~ tlis fact r eaoh cay 

14 



pot or this and succeedinc experiments was placed in a paper pot 

which had no opening in the bottom.. Table 11 shovts . the origin or 

tha above cultures . all of whioh were isolated from the inteTnal 

structures of c otton seed except Al ter nar ia sp . Ten pots of each 

of the series were placed under the constant l i ght and controlled 

temperature conditions. and the reMaining ten pots of each series 

·ere placed in a cool portion o · the breenho se . The results ,ere 

as indicated in Table v.r. 

15 



Table VI. Ta1ulatoa results of experiment IV showint; peroenta.g 
by each ort,a.nism and. severity of infection. Plants 

laboratory 0 rovm unaer co.atiuuous lit,ht. 
Sy.abols a.re as indi~nted on pe.g.e 8 . 

infection 
in 

Orga.ni S!!1 ... · · : Total t Total : Total : Total : Total : Total : Tofil . No . l No . : % a 6e : % a €e : % abe: % abe : ~{ aE:,e . 
re.tory tests t Pots : Plants:Jnf'ccted i "H" : "M" : "S" . "r-:" . 

Jlfo~· 34 f.'usl"ri'·,..,,_ sew.itectum - IO 30 -= . 100. : : : 2~ . 3 : .43 . 3 : 33 . 3 : 0 
No. 36 Ji' ,.. solani ·r. suff'uscumt 10 : 29 r, 100. : 51 . 7 f 31. . . 17 . 2 : 0 
No . 38 F. chlamydosporum ' 10 : . 29 t 100 . t 72.4 : e4 .l ! 3 . 4 : 0 
No . 42 F. bullatum v. minus . 10 : 28 : 96 . 4 ': 82 . l ' 10. 7 ,. 3 . 5 : 3 .5 . 
No. 44 F. soirpi . 10 s 30 :. '16..'.6 : 20. : 23 . 3 : 33 . :1 :23 . 3 . 
Mo . 61 Alternaria species ' 10 : 31 : 74 . 1 s 12 .. a : 9. 6 .: 61 . 6 :25 . 8 
No . B F . scirpi v. acuminatunt 10 : 30 : 100. : 90. I 10 ~ : 0 : 0 
No. D F. scirpi : 10 : 50 : 100. ' 86.6: 10. . 3 . 3 . 0 . . 
lilo . C Uninooulated oheok t 10 l 30 : 33 . 3 : 6 . 6· : 10 . . 16 . 6 :66 . 6 . 

Greenhouse t~·sts 
No . 34 rusa.rium semitectum f 10 .. • 30 : 96.6 : 10. ' 26.6: 63 . s : s.3 
No. 36 F. solani v . suffuscum: 10 . 30 : 8011 C 0 s 20. . 60 . :20. . . 
No , 38 p. chlamydospor um ' t 10 : 31 : 90 . 3 .1 45.l: 12.9 : 32 . 2 : 9 . 6 
No. 42 F• bullatum v . minus : 10 : 28 ' 64 . 2 • 21.4: 14.2 : 28 . 5 :36.7 
No . 44A.,F . scirpi ' 10 : 31 : 100. : s2.2 : 29. : 38 .• 7 ' 0 
No. 61 Alterna.ria species : 10 : 30 : 86 . 6 : 20 . ! l fi . 6: 50. :13 . 3 
No. B !tl . scirpi v . ao~:uninatu:m: 10 : 30 : 100. ; 58 ~6 . 40. : 3 . 3 : 0 . 
Mo. D l • 5oirpi : 10 I 31 : 100. . 67 . 7 t 29. . 3 . 2 : 0 . . 
No . c. Uninoculr:tted check : 10 . 30 : 43 . 3 ' 13 . 3 t 10. : 20 . ,56.6 . 
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Examination or the plants o·own under constant light brought 

out the follOWing factas 

Plants growin0 in soil inoculated with Fusarium solani v. suf

fuscun, !• ohlamydos_l?or • [• b llatum v. linus aud F• seirpi 

(culture D) -ere tunted With severely infected roots. 

Plants growing in soil inoculated with Fusarium· scirvi,{cult

ure 44A). !: sem:\teotum and Alternaria species showed ome evi

dence or slig .t stunting. however, the le.nts in g ner l were 

nearly normal. 

Plants growing in soil inocula ted With Fusari · lic~rp~ .,.. e.eum

inatum were slightly stunted with good above-ground de ~opment. 

The roots, however. ere severely affected just at and slightly 

above the ground line. This infection was apparently the most 

severe of the group tested although the plants gave little evi

dence of being harmed at the time of examination. It is believed 

that these plants would have died a.s soon as the supply of food 

in the cotyledonary leaves s exhausted. 

The check lants were in n apparently healthy condition. 

Tlese results indicate that a number of Fusarium species found 

on nd in cotton seed may cause erious losses to the cotton seed

lings under favorable oond"ti nns. 

The results obtained int is experimAnt ith cult, re 44A (~ 

sari um soirpi) and D (Fusartum sc irpi) in4ieate considere.hle vari

ation in virulence in this species of Fuaarium. A similar situation 

is seen in the results obtained in experiments 16 II» and III with 

cultures 18 and 115 (Fusa.riu.1n moniliforme) and also 24 and 27 (Fuaar

~ vasinfaotum) 

17 



Experiment ·V 

Ex eriment V w & arre.llf;ed to obtain further data on the organisms 

ua~d i x ex eri,uent n . Te pots of s oil inoculated. with each org.e.ni&m. 

·')re p acr!ld in the laboratory by a wiaa.ow i th a so1..1thern exposur ,, th 

re-:na.inin · 10 pots of soil h1ooulateci. · ·tth the ort:,anisms were plac i n 

a cool a.rt of the greenhouse . Te plants were remove and 

t e end of 20 days . 

ined t 

In this experi ant a poor stand v.ra.s obta ned . An av~rage f 11 . 6 

p&r cent of the total number of seed planted germinated and grew With 

the roots extending upward; the tip of the roots apparently injured by 

18 

a fun~ua in each instance (root tip brown and with a damping off appear

ance) . The plants soon wilted, due to the lack of water ~nd minerals 

from the soil. 

Examination revealed thEl:~ 50 . 8 per cent of the total number of' 

seed planted failed to germinate and were decayed . Comparable r esults 

wer o taiu6'1 in b..:rmination toets. of t hese seed on water agar in which 

case tiS per cent of' t he s eea. ±'ailed to 4erminate and were inter, lly 

d cn;:.,·ed althou h not ieldin0 ·>atho;;,e.uie fun0 i nor bacteria. 

Th0 result s of this experiment a.re t',iven in Table VU which s.ow 

th t 100 per cent i ::1.foction was the ge eral r le v,i th the '1'.ajor portion 

of t . e ·i '."1.'f'ac -t; · o!ls clnss d ns s }G t . 



Table VII. Tabulated reaulta of experiment V ehow1.ng percen.tace 
in.t'eotion by ea.oh orq&.niam and severity of infection. 

Symbol$ are as indJ.ce.~d on ·page a. 

Organ~sm · '"' ~ Total t 11ot2. l i Total 1 Total I Total • Tote.I :, Total-. 
: : iio. , No . : .% age · t % ~ge • % a g,e : f°<>El.t:.,e i % age 1 

Laboratory tests : Pots :Plants iinf'eoted a "IL'' t " U" : "S" ; "N" 
lio. 34: Fusa.rium semit:ectum : 10 : 24 s ~06. , 8. 3 t · x " "~ .. >< 

No. 36 P. . solani v. suffus r:um ; 10 : 7 : 100 . : 0 
No. 38 F. chla:,ydos porum : 10 : 8 : 100 . t 25 . 
No . 42 F . bullatum v . minus : 10 : 4 : 1cn . : O 
No. ~ A,F . seirpi : 10 : 25 : ioo. : •1: . 
i:.o. 61 Alternaria s pecies c 10 : 28 : 100 . : 14.2 
No. B F . scirpi v. aeuminatum : 1,0 : 15 : lOO . : 6 . 
No. D F. scir-pi : 10 t 23 : 100; : 13 . 
110 . C Uninooulated check : 10 : 30 : 36 . 6 : 9 . 9 t 

- Greenhouse tests 
no. 34 Fusar ium seml~ectum 1 10 1 24 
No . 36 F . solani v. suffuacum : ' 10 : 12 
No. 38 F. chlamydosporum a 10 : 14 
No. 42 F . bulls.tum v .. minus : 10 : 7 
~o . 44.6..F. soirpi s 10 : 18 
Jo. 61 Al terruarie. species : 10 : 26 

Mo . B F. soirpi v. aouminatum : 10 ; 19 
No . L F.eoirpi : 10 : 22 

100 . 
100 . 
100. 

85 . 7 
: 100 . 

61 . 5 
89 . 4 

100 . 
fo . C Uninocula ted oi1eck : 10 : 26 : 30 .7 

s.s 
: ss.s : 
: 21.4 
: 28.5 

38.8: 
., 'o 

21 .. 1 
t 1:5 .6 

0 

13.5 
0 

32 . 
2.8: 

20 . 
&J4 . 3 ' : 

3 . 3 

16 . 6 
33 .3 

0 
14.3 
22.2 a 
23.l 
SJ . 5 
Sl . 8 

0 

71 . 
62 . 5 

100 .. 
64 . 
42-.B 
7 r• <Y 

D e v 

52.l 
25 , 3 

: 

75 . : 
:,3 . 5 
78 .5: 
42.6 
::1a .a 
38. 4 
sa .s 
54.5 f 

30 . 7 

0 
0 

63 . 3 : 

0 
0 
0 

14.3 
0 

38.4 
10.6 

0 t 

69 .2 : 

I-' 
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erim.enta VI to XI Inclusive 

Examination of the referenoes in the introduction indicate that, 

a few organisms are found to predomil:1flte in eotton seedling troubles . 

The organisms most rrequently mentioned in the literature are ~lome~ella 

tossypii, Fusarium moniliforme, Fuse.rium vaeinfeotum, Rhizootonia sole.ni 

e.n 1 Solerotiun bate. tioola. :bxperiments VI to XI inclusive t ere ar:re.n · ed 

to test the .I:' tho0 enioity of tLeae ort.anism.s under various environmental 

conditions . usarium scirpi es added to the list beill{; tested beeause 

of its vir•ilance s seen in Exper i ment V. It has been frequently iso

lntod f' om cotton seed and di.seeaed se ,dl · ngs n Okla oma. and t e :major

ity of the investigators Hst "Fusnrium speciestt as grot p attacking 

cotton. It is believed that Fusarium scirpi occurs rrequently under 

this desig tion. F.ach experiment was conducted under a slightly 

different environment. 

Each experiment consisted of 60 pots of soil inocul ated with the 

above organisms at the rate of 10 pots for each organism and 10 uninoe

ulated check pots. The method of inooulation s the same a in previous 

experiments . All pots in the experiments except those in ex r iment IX 

were l aced in the -- reonhouse for the duration of the experiment. Ex-

rim.ent Vl w s placed. under standard conditions,. that is ~ a nearly 

as possible the plants ere cared for aa were the r cedin0 experiments. 

The plan s .of the remainin · experiments of the g,ro p · ere subject d to a 

variety of environrn nts a.a indicated belo . he plants were gro n in 

t e ots fo-r a period f 21 da~rs With t'lie ex e t on of' t . o e in experiment 

IX hich were ·examined efter 18 days growth . 

The temperatures in the greenhouse for the duration oft ese exper·

• ents were as follows: for the week of April 13 to April 20, the maximum 

s 104°F . , the minimum 54°F. Iith an avere.ge of approxiI!'ltltel S0°F. ; 
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for the eek of' April 21 to April 2'f, the ll'l&.Ximum wao ~o~_, • ., t ni um 

b7° wi -ch e.n approximate .. ver ·e of 77°F; .tor the week of' April 2t5 tu 

y 4, the m&Xinrum was ~8°F ._ the minimum oti°F . with an a.i,proxi te 

av ra.be c,1" 7tj°F. 

Experiment VI 

'J:ho r sults of' the group 01· inooula.tions under "stand .r tt conditionzs 

a.re •ivon in 're.ble vrn. From ~he data te.bulated in the table it is 

'J.'ao:i.e 'IH . Taoul ,;ed dtt.Ut. 01· experimen"t VI shOl'fing infection 
resuiiits with orc,unisms ,.mo.er smn<tar-'1 condi.;ione .. 

- r ga.nism 
:Toi::ali To~a.11 ro~al 
t No.: ro . r ~age 
'i'Pota sPlantaa Infect 

a '.lot&it-To-w.l: io'ta.l 1 

7o ~ge :
•stt I 

'.l'ot.&.l : 
;~ a~ 1:1, , 

t, - ff & '"=*~~~,..,...~~~---~~------~~~~~------~~~---------~~~~--~~~----('U('/l'l')erel, a. 
geissypii 

:iFusar·un 
in..sint'ec'CUri1 1 10 

fuoorium 
monilifo:rme : 10 

Sclerotimn 
bataticola. i 10 

Fuse.rium 
scirpi , 10 

R'fiiz oetonia 
sole.ni : 10 

Uninocula.ted 
check t 10 

: 30 : 

30 ~ 

30 

30 

t 28 

.f 

. . 

89 . 9 

89 

89.9 

86.6 

7.6 

. . 
0 

0 

0 : RS . 2• 13 . 7 

6 . 6 : ao . : 10. 

6.6: 83 . 3: 10. 

. 
~ 

: 13 . 3 20. : 56 . 6: 10.. t 

30. t 20 . 

: 0 t O : 7 . G c 92. t ------
observed that all of the orge.nisma produced hi0 h percents.Gas of in£eetion. 

Gl omerella ·ossypii gave its usuel, 1 rg& amount of he$.vy infection, Rhizoo-

tonia sol i and Fusa~ scirpi ra11ked second and t ~ ird r es ooti-,,.ely in 

severi Y• T.1. ese t ~. ·ee ore;,ania.ws producec. some stunti11i:, of ;_,r o'1 th wharea 

the rems.inin on.es produced only rlit.,ht attacks on tre h~,pocotyls of' t· e 

lants ;i tho1 t tunti ng. 'he uninooulr· ·ed heck hnts ,ere rel tivel 

n ' nfeeted . Com a rison wit . t~e of the preeed ng exr riments sos 



the.t there were essentially the same degrees of infection f'or eaqh 

orga...l'lism in the respeoti ve experiments, under similar environmental 

conditions. 

Bx.peri ent VII 

T ble IX reports t he result of t,roup of inocul ted plant 

under conditions of excessive aterinb. In the table it oan be 

Table , Tabulated da.t of exneriment VII showing infection 
results of org nisms under cond tion of excess oisture. 

Symbols are as indicated on page a. 
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Tota! J Total ; Total : Total t otal Tota : Total 
Organism No. No. : % age % age : ~ a.ge ~ age: 1 a ge 

a Pote 1Planta : Infected : "H" "M" : nsn t It 

Glomel"e1la 
~oasypii 

Fusarium 
10 1 30 : 96.6 i 73.3 : 0 s 23.S I 3.4 

vaeinfeotum 1 10 29 : 55.l 0 I 10.3 : 44.8 f 44.S 
Fusarium 
monilitorme s 10 • 30 73.3 ' zo •. ' 13.3 40. f 26.6 

Solerotium 
batatioola I 10 30 93.3 s 10. ' 10. t 73.-3 I 6.6 

Fuearium 
scirpi 

fflilz octonia 
10 26 : 92.8 a 25 .. 21.4 1 45.4 • 7.1 

s ole.ni I 10 1 28 t 96.4 : 59. 3 17.8 I 39e3 I 3.6 
uiil'nocula ted 

cheok 10 so 40. l 3.3 6.6 a 30. 60. 

obs rved t hat Glomerella &ossypii ab in proved its see<ilinb-destroyi!IE) 

power. Under conditions of excessive T10isture, eaoh organism in the 

series heca.'l'le more destructive than under dryer conditions. with the 

exce ti n of Fusarium vas'in ectum wh"ch decreased str"k1.ngl in its 

att ack. Fusar ium monilifo e became very pat oeenic under these con---------
ditions. Glomerella. 60asypi · , Fusarium monilif'orme, usarium soirpi 

and Rhizootonia solani each produced a few noticeably stunted plants. 

The uninooula.ted checks gave a. hi0 h PQrcenta e of sli ·ht infection which 

u.y be attributed to the excessive wateri and the accidental transfer 



of pathogenic or[nnisms in caring for the experiment. 

Experiment VIII 

The plants in the series were watered on the average once every 

two de.ye. An attempt was made to water the plants just enough to 

prevent seri,ous Wilting due to lack of water. The plants did not grow 

wellJ they averaged about 2-~ inches in height at the end of 21 days 
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and ere of' lighter green color than the other plants . The ootyledonary 

leaves were small . thin. and somewhat leathery. The data tabulated in 

Table shows that &ll he orbanisi except Glomerella osaypii, Rhizoc-

Table x. Tabulated data of ex erim.ent VIII showin6 relationship 
of infection to xerophytic conditions . Symbols are as 

indicated on page a. 

Organism 

Glomerella 
goHYfii 

Fuaarium 
vasinfeetum 

Fiisa.rium 
monili:f'orme 

Sclerotium 
bataticola 

Fiiiirlum 
scirpi 

PJilzoctonia 
aolani 

Uninoculated 
check 

t Total s Total 1 'rota.I 
• No. t ~o . ~ age 

s ote.1 : Total t otal : Total 
i 4 age : ~ age , rf.. ge, ,( age 

s Pots Plants:rnreeted u 9!flf fl . " f " pt 

10 I 30 100. 86 . 6 t 3. 3 : 10. 0 

10 : so : 83. 3 10. 3 . 3 : 70 . i 16.S 

t 10 30 oo . , 10. s.s : 13. 3: 10. 

10 t 30 93 . 3 : lS.3 i 26.6 i 53.3: 6 •. 6 

1 10 i 30 : 93. 5 23.3 : 30& t 40 . , 6.6 

10 I. 29 : 90. 68 . 9 i 6. 9 a 17 2t G.9 

10 30 S 33 . 3 I O : 3 . 3 ; 30. t 66.6 

tonia so e.ni and Fuse.rium scirpi decreased· in their pe.tho&enioi ty under 

x ro~hytio conditions. The ost sicnifieant point was tne increase of 

pathoGenicity or Rhi&ootonia solani under these oonditions. It is oonnnon-

ly assumed that R. solani is most virulent under conditions of excesaiv 

moisture . Glomerolla g ssypii w so serve to produce some stunting of 

growt int ti series. 
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Experiment IX 

Experiment IX was a rrarlf:.ed to test the pathogen·city of the above 

ore.,a.nis s unoer c onditions which varied from tiI!18 to time. The pots 

, ere pla.ced in t he breenhouse for ti de.ya to obtain 1:,erndn tion equal 

to that of t he other experiments of t hi s roup . On the fifth d y the 

ots were r r,,,oveii to a shaded area outside of the green o •se where t hey 

were kept f or 3 dnys . Thee pots were then repl 0e in tha greenhouse 

in such a way as to receive normal sunlight nd temperature. he pots 

were watered de.fly to prevent wilting and to promote proper growth 

activities. The last 3 days these pots were outside the greenhouse 

where it was windy with very cool nights .. The plants were ihipped 

about by th$ Wind and a great many of them bent and broke in the region 

be"tY1een bne ground line and cotyledons • The plants w.e-re removed from 

the pots and examined for fungous injury af'ter a period or 18 days. 

The results are tabulated in Table XI . 

~.'able XI. Infection results o:f ex 1eriment IX., under vario.ble 
conditions. Symbola are as. indicated on pa e 8. 

r ganiS!ll 

Glomerella 
gossypii 

Fusarium 
va.sinfectum 

Fuaarium 
monili!'orme 

Selerotium 
bataticola 

Fusarium 
scirpi 

ihizootonia 
solani 

Uninoculated 
oheok 

: Total : Total i Total • Total ; Total , Total , Total 
t No . 1 No . : % a e t % a i;e : % ai:;e : % e. e : % a e 
., Pots ,Plants : Infected: "' I" : r" , "stt "N" 

t 10 30 10 . 1 83 . 3, 16. 6 O 0 

1 30 96 . 6 i 13.3 : 40 . 

10 : 30 : 100. 30. s 36.6 33.3 : 0 

16 30 73 . 3 1 33 . 3 : 13. 3 a 26.6 t 26.6 

10 30 100. 30• I 43. 3 C 2oeo 0 

10 • 30 100 . : 70. 13. 3 : 16. 6 0 

a 10 23 .4 t l0e I 10. I 3e4 I 76. 6 
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From these results it is observed that infection s general . 

Witfi. r;.lomerella gossypii , and Rhizoctonia solani gi11ing. hi{;.,}: percent-

ages of eavy infection. Fusariu ab in g ve i ndications of ---
being a severe ~ a tho gen when under f a.vorable oondi tio e. 

It as observed t hat in the pots containing soil i noculP.ted • · th 

Glomerella goasypii# the pl nts were very much stunted with the :m.ajor

i ty beiu · wilted and discolored at the ground line• any of the plants 

were dead. In pots inoculated with •usnrium vasinfeotu.m •. ! • monili

fonne, and Scler otium. ba.taticola, the plants were normal with only a 

slir;ht amount of stunting. Some evidence of hypocotyl attack was 

visible in a few instances. Plants rowing in soil inoculat ed with 

Fuse.rium sci r pi and Rhi&octonia solani whowed general stunting of 

bro,th with sliuht hypoeotyl attacks above gr ound . Tho uninoculated 

h ck plants ere normal an relatively uninfeoted. 

per iment X 

The soil in this series was mixed with a small amount of calc ium 

carbonate. The pH at the timo of inooul ting n la t .ng Vfl' a rox-

i tely 9 . 6. At the time t e plants vrere removed fr m the so • t e 

pH tested 8. 2. The ootton plants in t 1is soil grew very wellt the 

average hei ht wo.s a.bout 4i inches . The hypoootyls were stout l the 

cotyledon.ary leavei were thick and dark green in oolor. There were 

no appa.rent above-ground lesions. Glomerella ossypi i produced stunt

i ng in approximately 50 per oent of the plants growing in s oil i nocu

lated with the organism. Rhizootonia sol ani., ~1.lthough very pathogenic 

caused no stunting. It i s seen from the data in Table XII that although 

infection in general was very high. only Glomerella. goasypii and Rhizoc-

tonia aolani produced notable percanta.t:,es of heavy infection. ost of 
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the · .~f:ectious ;,r od .. oed by t · .e r e:waini l b orbanis.,.s ere very slit.ht 

in nature . These resul t~ indicnte that Glomerell& bossypii e.nci 

~hi zoctonia sol ni e.:re seve r pathogens i n alkaline soil ut the r e-

. i ni ng 4 organi sms were of little oonseqn nee u er t h con i.t i ons 

or the experiment. 

Table XII. Tabulated results of experiment X shawing infection 
results in an alkaline soil. Symbols are as .indicated on pages. 

:Total : Total : Total Total , Total : Tou.l : Total 
Organism No. 1 No. : % e.ge : % age %age : % age I 1{Ag& 

: Po•a :Plants : Infected : ttgn : if " ".S" l "N" 
Gl omere lla 
goaaypii . 10 : 50 : 100. : 96.7 I 0 3 . 3 0 .. 
sari um 

vasinfeotum I 10 I 30 : 66.6 t 10. i 0 56. 6 : 33 . 3 
Ftusarium 
moniliforme C 10 30 . 86.5 S.6 s 16.6 l 63 . 3 : 13 . 3 . 

Sclerot ium 
batatioola 10 : 30 -: 90. 3.3 l 10. 7G . 6 10. 

1''usarium 
sci~i " 10 so 9o . o l 0 3.S : 9i>.;,s ; 3. 3 

Rhizoctonia 
sola11i a 10 30 100. ' 40 . : 13.S 4 . : 0 

Uninoeulated 
cheek 10 so s ss .. ,:, I 0 : 13.3 ' 20. ; 66. 6 

Ex-periment XI 

The soil in this seres s aoid .f~ ed by t .e e.dd.tion of •. dro• 

c lorie acid. The acid (66°Baume) was diluted 1 to 500 (appr oximately) 

and sprinkled on the soil , t hen the soil Y.'llS thoroughly mixed and dried . 

The soil was then inoculated e.nd planted as described on pages 5 and 6. 

The plants which developed were very spi ndly nd s tunted in appearance . 

Examination revealed that the roots were e.11 swollen just below the 

ground line. The tips of the root systems were . l a ckened and soft in 

all series includ~.n 1.., the uninocula ted cheeks. Clo6e e..<aminaticn of th& 

hypoc.otyls , however. did revea l roe.ny l e sions and indications of infection. 

tvidently the cid i n this series caused the iajor part of the dt:unat,;e 



ana hence the data are . not valid for comparison ,vith the precedin;; data. 

The · of this soil at the time o inoculation was 4 . v. At t he close of 

t he experiment the pH was approximately .4. 

F.xperiments II to XVII Incl us· ve 
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F-xper-iments X :r to XV!! inclnsi ve were arranged as dup 1cetions of 

ex1Jerime1 ts VI to XI inclusive. T e purpose of tlie duplicl!l.tionu wns to 

obtain ore data on the pe.thogeni city of the organisms being used and 

thus make the inforr,1a.tion more valid . The plants were gr~vn for a period 

of 18 days. 

The temperatures in the greenhouse for the duration of the experi

ments ·tere : for 't:he week of April 28 to May 4, the maximum. was 98°F .,. the 

minimum 55°F. with an approximate average of 78oF.; f or the period of 

r,ay 5 to May 8, the maximqm was 103°F •• the minimum was 75°F. with an 

ar ro ima.te average of 90°F •• for the period of May 9 to 'Tay 11, the 

imum ;as 96° , ... the minimum t;o0p' . with an appr,oxima te avera6 e of 76°F.; 

for the period of May 12 to ·:ray 1.5, the maximum was 101 °F ., 1;he m.ininum 

64°F. w·th an approximate vara0e of 80°F . 
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he plunts 1:,rowinb undar "sta.n ard 11 con ' itions reacted as sho n i n 

T ble xnr. 

"'able XITI . 'J'ahuht ted do.ta. of experiment X I showing infection 
resnl t.s with rganisms under stan rd conditi ons. 

, ols a.r e a.s indicF.ted on page 8 . 

Total Total Total : Total Total-. ota. Mote.I 
Organism : No. : no. . % e.ge . % age % age q age : 11! age . . 

Pots :Plants :Infected: ttlitt 11it• rtsn : " -rtt 

Glomerelle. 
gossypii 10 30 100. 83.3 : 13. 3 3.3: 0 

Fusarium 
vasinfootum 10 . 30 '76.6 30. G. 6 .3. . 23. 3 . • 

Fuse.rium 
moniliforme 10 30 76.6 i 6. 6 10 . 60. 23.3 

Solerotium 
bate.tioole. 10 : 30 ' 73 . 3 3.3;: 3 . 3 66 . 6 : 26. 6 

Fusarium 
scirpi l 10 30 : 86.6 6. 6 20 . 60. . 13.3 . 

Rhizoctonia 
solani 10 30 89.9 : 40. f 13 . 3 . 36.6: 10. . 
ninoculatecl 
cht1ck . 10 30 23 . 6.6 : 3.3 13 .s : 76.6 .. 

These ~nta are com~~rable to t.hose of experi ent VI with the exception 

of Fusarium vasinfectum which be axne more pathot,enio in this experiu1e.nt . 

The plats in this series were severely stuhted by Gl omer ella 6ossypii and 

R izoctonia so ani . usaritu~ v~infectum. 2::.,• roon"lifnrme Rn !.• sci r ,i# 

culture D, produced a. sli ht amo t o stunting. The pl"' ts :l.noc lated 

with Solerotium bataticol a and the uninoculnted che~ks were norm. 1. 

Experiment XIII 

A poor stand of' plants were obtained in the experiment in which they 

were subjected to excessi ve watering. Species of algae and saprophytic 

fungi developed on the surface of the soil in the pots. All of' the plants 

except those in the uninocule.ted check pots were more or less stunted. 

Examination o-f: the de.ta in Table XIV shows re-sults which are comparable 



to t '10 e 01 experi ent -r i h ";h exce tion or Rhizoctonia solani 

hie 1 b1;;came very virulent under the conditions _ of t·d,.s experime? t. 

Table .XIV.. Tabuli:,.ted data of experiment XIII showinl ini'ection 
r esults of or~aniS'7ls under conditions of excess ~-0istur. 

Symbol s e.re as indicated on page 8 . 

ot~l : Total Total : Total 
Organism o . : o. : % age : ~ age 

ota.1 f Tot 
1 age "'{ age 

Total 
1 age 

Pots :Plants : Infected: 8 H'1 "'1itt : ns.,, 11,.rtt 

Glomerolla 
gossypii 

Fiisarium 
vasinfeotum 

Fu sari um 
onili.forme 

Selerotium 
be.ta. ticola. . 

Fu sari um 
scirpi . D 

Rliizootonia 
solani 

Uninoeulate 
check 

LXJ:,eri ment XIV: 

10 

10 

10 

10 

10 

10 

10 . 

20 

; 18 

: 13 

2.1 

24 

16 

26 

100 . 60. 20. 20. 0 

94 ,. 5 : 22 .2 22 . 2 50. 5 . 5 

: 92 .3: 15 .4 

76.2 : 9.5 52 .4 : 23 . 8 . 

: 95 . 91: 12.s 16. 7 66.7 

: 100 . 81 .. 2 18 . 7 1 0 0 

: 23.l 3 . 8 1. 1 : 11.s 76 .9 

The r esults oi' inoculations under con.di tions o deficient o i sture 

are given in Tnble XV. 

~able X • Tabulated <le.ta f experiment XIV show·ng relationship 
of infection to xerophyt·c conditions . Symbo s are as 1na·c tod 

on p<t,,.e 8. 

t 'T'otal . TotnI Total 'L'ot ~l TotPl ! • . Tote.1 Tot 1 . 
6rganism : No . lfo .. % age % age : % age % age ~ aEe 

: Pots :Plants nfected : "H" " f" "S" tt , II 

Glomerella 
gossypii 16 30 100. 100. 0 0 0 

Fusar!um 
· nfectum :. 10 I 26 : 100. 80 .7 3 .8 15.4 0 

Fu sari 
monilif orme 10 30 100 . : 73.S : 6.6 : 20. 0 

scierotium 
bate.tic ola 10 28 10 • :. 75 . 3 .6 21 .4 : 0 

Fusarium 
scirp1. D 10 29 100 .. . 75.8 : 10 .3 . 13 . 8 0 . . 

Rnizoot onia 
sola.ni 10 24 l 100 . 83 .3 8. 3 : 8. 3 : 0 

Uninocul a ted 
cl eek :. lO 28 71 . 5 28 . 5 I 14.3 i 28 . 5 28 . 5 

29 
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The dat a in the table shows that all of the organisms in this 

experiment pr oduced hi ·h percentages of heavy infection. The pla.uts 

growing in soil inocuhted with Glomerella g;ossypii and Rhu;.octonia. 

solani were severely stunted with 40 to 50 per cent of the plants killed . 

The plants gr owing in soil inoculated with the remaining organi sms show-

ed normal above- ground gr i\rth. The uninoculated check plants were normal 

in app 1:,rance. 

Exiieriment XV 

The plants in this experiment were brown u der conditions whi ch 

varied from time to time. The pots were plAced in the greenhouse fo r 

4 days, then r emo ed from the gr eenhonse and coverec'l for 3 da.. s to allow 

the plants to har den to e ter11e.l condj tions . The co-1iers were t en re-

moved and the pl ant s remained outside the greenhouse for the rest of t he 

experiment. 

Table XVI. Infection r esults of experiment XV, under variable 
conditions. Symbols are as indicated on page 8 . 

s Total . Total Total . Total otal 'fotal Total . . 
Organism No. Mo. % age . % age % age % age % age . 

Pots :Plants : Infected : "H" " " "S" : "N" 
'Glomere lla 

gossypii 10 30 100. 73 . 3 16,,.6 10. 0 
, usa.rium 
vasinfectum 10 80 90. . 3 . 3 J 13.3 73.3 10. . 

Fuse.rium 
monili or me 10 27 77 . 8 14.a 7 . 4 55 . 5 22.2 

Sclerotium 
bataticola. 10 ;;,o 50 . 0 0 50. 50. 

Fusarium 
scirpi, D 10 30 83 . 3 16.6 20 .3 43 .0 16 . 6 

Rhizoctonia 
solani 10 27 100 . 63 . 7 . 4 29 . e 0 

Tninocula ted 
check 10 29 2 7 . 5 10 . 3 3 . 4 13 . 8 72 . 4 

The data. in Table \'"VI i ri ·ce.tes t hat under conditions w11i ch e.pproxi e ::;e 

those t o which field- grown cotton seedlings are exposed, only Glomerella 
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gossypii and Rhizoctonia solani proved to be seriously pa.thogenie. 

periment XVI 

The soil in this series was mi xed with .ealoium oarbonata. The pH 

at t he t i , e of inoculati.Ilf:, and planting was approximately 8 . 3. It test-

e a .t' roxiu1ately · .1 a f ter the vlants were rer oved . The plants bl"e 

r apidly. producinb da rk treen, t i"ick cotyledonary leaves~ They averabed 

G to 7 inches in height. P.hizoetonia solani and Glorne:rella gossypii pro-

duoed some stunting. 

Frnrn able ~vrr it is 01..,serv'erl t at Glnm.er~ gossypii pr duced 

Table XV!I . Tabulated r es ults of experiment X'TT show ng inf'ection 
results in an alkaline soil. Symbols are as indicated on page 8 . 

Total Tota! . Total : Total ! Total : To€a1 Total . 
Organism No . Nol : % age % e.ge : % age : % age % age . Pots :Plants : Infected : "H" : "M" "S" • •N" .. . . 
Glomerella 
~ossypii : 19 30 : 100. 96.6 3.3 0 : 0 

Fuaarium 
vaainf'eotum 1 10 • 30 i 63.3 13.3 ' 0 : 50. : 36.6 

Fusarium 
moniliforme 10 I 30 , 76.6 : 3.3 . 6.6 t 66.6 : 23.3 . 

Solerotium 
bataticola l 10 28 . 75. :. 0 : 7.2 1 67.8 I 25 .• . 

Fusariwn 
scir i. D I 10 30 80 . I 0 a 20 .. 60. 20. 

Rhizoctonia 
solani l 10 . 26 ; 100. .:,8.4 : 16.4. : 46.1 0 . 

Uninooulate 
check l 10 ' 30 l 6 .• 6 5.i) 1 0 : s.s 93.3 

very severe infection. 96.6 per cent infection being design ted as heavy 

("FI")• hizoctoni solsni _rnduced 38 . 4 per cenq heavy i f'ect ·on . he 

remaining organisms prod ced hi ~h erce tages of i ght infeoti~n hut 

such infection is not believed to r e a serious factor in killing seedlings. 

These results agree closely with the results in a comparable experiment 
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Experiment A'Vl I 

The soil in this series was acidified by mixing with flowers of 

sulphur. The pH at the time of inoculating and planting was approx-

imately 6.4 At the time the plants were removed it tested 6.0 to 6.1. 

The plants in this soil averaged 3 to 4 inches in height. The cotyledon-

ary leaves were smaller the.n in the other experiments in the series. 

Table XVIII. Tabulated results of experiment XVII showing infeetion 
results in an acid ~oil. Symbols are as- indicated on page a. 

Total : Total : To ·al i Total Total Total Total 
Or0auis1 o. : 110. ; ~o abe . % at:,e ~ a.be ~ al>e % a 0 e . 

i Pots :Plants :Infected: "H" "M" "S" . fli " . 
Glomerelle. 

gossypii r 10 30 66 . 6 ' 40. 3 . 3 23 . i.) i &3 .3 
t.'usarium 
vasinfectum 1 10 29 • 62.l 13.8 ' 3. 4 44.8 -: 37 . 9 

•l:'use.ri!lln 
monil iforme 10 30 ' 45.3 t 3 . 3 0 : 40. . 56 .. 6 . 

Sclerotium 
batatioola 10 25 s 24. ·8. 0 16. 76 . 

Fusa.rium 
seirpi. D 10 ; 26 69.3 ' 19.3 : 11.5 2 38. 4 50.7 

Rhi&octonia. 
solani 10 : 30 93.3 l 56.6 10. 26.6 . 6.6 . 

Uninocula ted 
oheok 10 30 26.6 i 20. : 0 6. 6 $ 73.3 

The data of this experi ient (Table X1 nn show Rhizoctonia solani to 

be the most severe pathogen under aeid conditions With Gl01e:erella goesypii 

ranking second. The uninoculated cheek plants showed 20 per cent heavy 

ini'eotion, possibly related to direct i njury from the add a.s seen in 

experiment I-

Experi 1ent XVIII 

This experiment was arranged to te --t the prot ecti ve ualit i. s of 

ethyl mercury phns he.te (" ew Improved Ceresan") age.inst heavy soil 

inoc•ilations of nlomerAll _ ~ '[P~ • '!'w~nty pots of' soil wer j nocul~ted 
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with G. gossypii according to +.he s tand r d 
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thod out]j ned ahove. 
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of' t hese pots were planted wi t h ach~- dol inted, graded, "Yew J;1nr oved 

Ceres ntt-treated seed a nd the remaining 10 pots with ttHew Improved Ceresa.nU 

1,reated fuzzy seed. Ten uninocula.ted check pots of acid delinted, graded, 

9.nd ''New Improved Ceresan"-treated seed and 10 of uninoculnted " New 

Impr oved Cerese.n"-treated fuz zy cotton seed were a lso planted. The re-

sults were as given in Table XIX. 

Table XIX. Tabule.ted results of Experiment XVIII showing the 
relationshi p between " New Improved Cerosan" cotton seed 
treatment and infection with Glcmerella gossypii from the 

soil. Symbols are as indicated on pabe 8. 

Total : Total : total Total : Total Total 
Cot ton seed No. 7~ abe o·f }Q a.be 1~ ai:,e • /o a0 e 

1= 
Delinted , treated: 

.l:-'ots . :Plants 1Infected: "hu II ~ II II S" 

noculated soil : 
nelinted ,treatecP-: 

10 30 73 .3 63 . 3 3.3 . G 

Uninocnl te soil· 10 30 43 . 3 3 . 3 : 3 '7 •" 36 . 6 
.1zzy , treated 

I noculA. ted son ~ 10 2q 100 . 24.l 44 . q :n . 
Fuzzy, treatedT 
Uninoculated soil: 10 27 85 . 1 3 .7 : 22.2 59 . 2 

1. trea ted wit h " " ew Tmpr oved Ce resan' • 

Total 
% a6e 

II • ft 
;\ 

26.6 

56 . 6 

0 

14 . 8 

The D-. and P.L . llA seed used in t h is experiment had been f ound to 

be i nt ernally i nfested with .Q_• gossypii. This will account for th in

fection occurring in the group of uninoculated check plants. 

I t may be concluded from these results that under a high infection 

potential of t he soil nNew Improved Ceresa.n" has protect ive p er but it 

is l i.mi ted , being; more potent in fuzzy seed due to the reater amount of' 

"Hew Improved Ceresan" adherent to the fuzz. 

E:x.£,1erimeut XIX 

The a.rran61n0 nd conductinb °"-f ~~~·~t;.ri:cnj:; , , <Such as the ones above , 
~. ' (. . ! : ... .,_ ... ,. . • ~ 

involves c onsiderable work and, ~11Y ne,qe~gary preca.:Ut.1~1:~ · Ti 1.e an s 1,ace 
•• c: -... ~ "- - :,~J·--.,'-·: .• ., - ' · 

a.re oftP- at a pre~ium in tie ln.bo:r ,torx 0cr .gr eenh.'I s e . 
•. C ::; • •• a • •e , • 

••• t. • , . , .. . 

T. e possibilit y 

. ~.. . 
t hat test tube cultures Trdght be used tn si mp1 if'y eve l•m.ti>tr; the i "" dex of 
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of infection of a particular organism or a group of organisms was 

consiciered. An axper:,.ment was arran ed with this in mind . Two hundred 

and ten tubes o water abar ere propareu. Into each tube was placed 

one acid-delinted., si -'.l.k:int,, surface.-sterilized cotto seed. i'.s soon 1> s 

the seed germinated the hypocotyls were inocul ted ith the orLanisms 

li te<l in Tar le JI in series of 10 tubes per organism. 'l'J,e inoculating 

was perforT"led by '1lacing a bit of the funga l myce]ium, ~ x~ wit spores 

in most instances, on the hypocotyl nee.r the agar line . he tubes were 

kept plu~ged with cotton unt i l the cotyledonary le8.Y'es came into contact 

with the cotton.· The seedlings were . rown for a period of 10 days after 

inoculating. The results are given in Table XX. 



Table xx. The results of test tube cultures showing the percentages or injury 
a nd index of infection i'or ea.oh or ganism. 

Organi sm - - . • No. tubes i Tobi.I t Total s Total . :· Total : Total t !rid.ex of' 
cultur ed , % age : % age : % a 6 e 1 % age ; % age : Infection 

1Tnf'ectedi nH11 : "v" : "S" : "N" 1 
~-'o. T S" · Fusarium monilifonn.e : 10 t 100. : O : 30. : 70. : O : 130 
No .HS ""'usarium monilfforme : 10 t 1:()"f'I"';- , 4c'\. 1 30 . : 30 . : 0 : 210 
No . 24 Fuaarium vasinfeotum r 10 1 an . : o : so. 1 50 . , ~o . : 110 
?Jo. 27 Fuse.rium vasinfectum I 10 I ' fOQ. : 0 I 10. I 90 . : 0 f 110 
~~o . 31 Fusarium semi tee tum 1 10 : 80. : 0 : 0 : 80. : 20 . : 80 
No . 36 F , sole.ni v. suff uscum I IO ; tee. : 20. , 30. : so . : 0 : 170 
No. 3s F. chlamydosporum : 10--· : too. i b : 10. : 90 . : o : no 
No . 42 F~Tii:tum v. minus : ~~ : 70. : 0 : 20. : 50. , :ro-~- -, 110 
No . "1 Fuse.rium soirpi : 10 1 90. : lo. : 40. : 40. : 16 . a 150 
No. D Fusarium scirpi t 10 : 100. t 100. : 0 : 0 i O : 300 
No . B F. sc:frpr-v-;-aoumine.tum--,----~r--,----roc.r;---,--- 0 : 20 . : so--;-: - o· -:- 120 
To:"" 20 Glomerella g_o_s_syp_ii . s 10 a 100. s 80• t 20. : 0 : 0 : 280 
No.R37 Sclerotium bata.tfoola : 10 s -so;- .. : 10. : 30 . : -4cr;· t 20 . : 130 
iio . 41 Sclero:tium '6itaticola • 10 -.--100. 1 0 J 60. t 46. : 0 : 1 l60 
No. r 1ThTzoo~onia soTanf ____ -,----10 --- -, --~~---, ~-- : sc . , so. : ~--.--TIO 
No. R Rhiz"octonia solani --. - 10 1 100. : 160. 1 0 i O 1 0 a 300 

10. I 30• : 50. S 80 .------s""'o-. --: --0--,--2""'0 ..... -: lo. , 40. , eo 

: 

CA 
01 
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Reisolations nf pathogens fro represe t~tive a~ les of the 

plants in eech exueri ent were made to determine that t e rg~n~sms 

involved in the infection v.ere identical with thm~e which he so 1 

had been originally inoculated. The samples ere obtained by slicing 

thin portions of diseased t issue from the plants and, after surface 

sterilizing in 10 per cent calcium hypoehlorite ("B- "powder) solu-
. . 

tion for a period of 5 minutes, placing the pieces on potato-dextrose 

agar in culture tubes, The fungi which developed we;M ide'1t1eal with 

the original inooulum in practically every instance. Po:i,tions of' hy-

pocoty ls of the plants growing in uninoculated soil were also cultured 

to deteri:1ine hether or not the check · J?lants were infected.. Table XX.I 

shows the percentac:;e .o,f recovery of the organisms in each ex eriment. 

Tahle _ ·1. Data .sh0Win0 percent e recovery ·· of .original inoculum. 

urn ar · nf' t ,l-,A~ ereenta~e : Peree te.ge of 
Experiment "To. cultured from :recovery of' :' n n-f'ec4:: fl 

zinocul ted :Uninooulated: orga isl!lS check pl nts 
Seedlings: Seedlings 

Experilllent I 40 12 92.5 50.0 
Experiment II 40 4 67.5 . 75.0 . 
Experiment III 42 5 28.5 ao.o 
Experiment rJ 33 : 4 66.0 7.5.0 
Experiment V : 37 10 t 0 100 .. 0 
Experiment VI : 17 3 58.8 100 .0 
Experiment V'l! 17 ' 3 • 64.? 100.0 
Experiment VII I 17 : 3 . 76.4 66. 6 .. 
Experiment IX t 17 . 3 : 29.4 : 100.0 . 
Experiment X 17 . 3 I 58.8 : 100 .0 . 
Experiment XI : 17 s 94.1 . 33.3 . 
Experiment XVIII : 6 6 .: 100.0 : 16.6 

It is believed that the, strength of the caloium hypoehlorite 

pow er varies and e.lthou6h the ste r ilizin~ solution was mixed at the 

ratio of l pa.rt powder to 10 parts water in every case. t r ere is no 

assurance that the solution was 0£ the same chemic l streng,th in all 
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instances. A pr o able exnla.na.tion of t he lo percentage of recover y of 

t. e organi snis in some of the experiments · s that he CA c i U"'l hypochlori e 

solution was strong enoug to kill the nrgan·sms int. e tissues as we l J 

as the external surface. 

DISCUSS IOU 

The experiments recorded above do not permit direct c omparison 

of the infecti-vities of the various or gnni sms because of dif f erences in 

moi sture , temperatur e , light, soil reaction, and provenience in various 

experiments . It seemed desirable t o arrange a classification of the 19 

or6anisms used in this study according tot eir relative pa.thogenicity. 

In order to accomplish this some system of we i bhtinb t he infection per-

rbitra.rily, "h11 (heavy infec tion) ,as 0 iven 

a. value of 3 points , "' 11 ( 11Lodera.te infection) 2 po i nts , and 'B'" ( slibht 

infection) 1 pointj It was fm·nd that the stucl could e divided into 

3 sets of exrer ~en+s tat wer e each un0er comnar~b e conritions and 

with comparable or ganis~s , v:i z. -rx, . I , I , a.nil II I ; "?xp . ~,r,anil V; nd 

Exp . VI to XVI I. An i ndex of infe!Stion for each- organism in each ex-

periment was calculated by multiplyin · the percentage of heavy inf'ection 

by 3, that of moderate infection by 2 and that of slight infection by 1. 

totalinb and averabing. These values are shovrn in Tables XX II. XYIII & XXIV. 

Table XX. II . Index of infection of the organisms in Exp . I , II & I II. 

Culture No . Organism Index of Infection 
18 Fuse.rium moni liforme 96 

115 Fusarium monil i forme 113 
24 Fusar ium va.sinfectum 98 
27 Fusarium vasinfectum 94 

0 Glomerella gossypii 283 
R37 Sclerotium bataticoln 86 

7 Rhi zoctonia solani 103 
p Penic i lliurn spec ies 79 
A Asporuillus nibe r 81 
C Uni no cu lated cheek 15 



Table :~ III· Inde:r.: of infection of the organisms in 
Expa • IV and V. 

Culture iio. 
34 
.:,6 
S8 
44 
44A 

D 
B 

61 
C 

Or- .... nism 
Fnsarium semiteotum 
F'. s olani v. suffuscnm 
P. chl~rdosporum 
F. bullatum v. minus 

• soirpi 
F. so1rpi 
P. sci rpi v • cum1MtU."!l 
.A.lternarta s , eoies 
Uninooulnted cheek 

Index of' In.faction 
iS4 ----
166 
186 
161 
168 
213 
209 
126 

56 

Table Xi..IV. Index or infection of tho or ·an.is in 
s. VI hrvu..,h ) .. VII. 

r·ulture no. 
115 

27 
) 

20 
41 

R 
C 

P 1snri .un v sinfectum 
T'us rium sci:rpi 
r. o:ner 1 .a r,ossy-pil 
tcler"t·u, bate.ticola 
o izocton~n snl ni 
Pn noeul ted cheek 

In ea of Infection 
129 
12.5 
150 
259 
113 
221 

50 

In every instance in which Glor:lerella f;;O.ssypii was used it proved 
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to be the most serious c otton seedlir1t, patho en. and other investigators 

report s i mHar results; t .eref-0re G. tossypii was given an arbit:r\ry 
. -

woighted infection 1 ex of 100. Referrini; to Table xru. G. - osaypii 

has an infeoti ·on index of 283. In order to t;ive !!• i,;ossypii the ar'!:ii

tra.ry reif;}lted index of 100 the index. 283,. was divi ed by 2.-83 , after 

which ea.oh of the other indic f's was di vi e by the a me number . Ta le 

X .. IV w s ~i,::,hted in a si. ilar rri!l..an r by di vi dill(, the index of infection 

of: a.c t1 o 0nm•· by ~. 9 . Con ,&.ri.,on of' '.L'able Xl.lII and T ble .X.X.IV shows 

sarium soirpi. culture L.,. to be tLe on or a.nism c;on on to both · roup-

i .. I able IV p . uoirpi, culture D h~s a ei;:,hted v lue of 5 i .. 

o .p rison tote 100 tin,; of Olorrerel 1 i t~erefore tr va uB 

of , • scirpi , culture n in 'I' h e Y'tTT T w:es ei ~hted to eq e 6~ . r ch 



of the other organisms in Table XXIII was then rated on the same basis 

by dividing, each index of infection by 3 . 67 (213 • 3 . 67 = 58). Thus 

the infection indices of all of the 19 organisms used in this study 

were weighted on a co~ arable basis. These values are shown in Figure 

1 on page 40. Figure 2 shows tho weighted indices of infection of the 

culture tube tests w ic are described in experiment XJ~ . 
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Comparison of the t,.vo charts shows t hat the organisms are distrib

uted in much the same order in relation to the other organisms i n the 

charts. The weighted indices of the culture tube tests arc uniformly 

hig er than those of the soil inoculation tests, probably because the 

pat ogens in p1r e culture are f r ee from antagonism by other soil orga.n

isr1s. It is notable tb..at Rhizoctonia solani and Fusa.rium scirpi, D are 

rated a ove Gomer lla gossypii in pathogenicity in figure 2. G. gossypii 

and R. sola.r..i aro rated as se~rer e pathogens in both charts; the other 

sp cie of Fusarium are g;rou ,ed more or less together with indices between 

0 an 60 ; and the species o Lsptffbillus, ~l te;:narie. 11d I enicillium 

occur at the lo er end of the group. 

Inforn1S.tion on the distribution of the organisms attacking cotton 

seedlings is not very extensive. Some knowledge concerning their dis

tribution and prevalence may be gained from t he fol lowing tables . 



~ 
! 

Olomerella gossypii (Exp. I.,II,III & 
VI-XVII inc•) 

Rhizoctonia solani, R. 

1 60. 
~ Fusarium scirpi, D (~. IV e. V) 
i.o • -~sari um scirpi acu~atum 
·; Fusa.rium scirpi, D ~Exp. VI-XVII ino.) 
~ 

... 
Fusarium scirpi, 44A 
Fusariu~ solafii v. suffuscum 

- ~sari um bullatu v. minu$ 
Sclerotium bat1.+;1cola, 41 

Fusar1um semitecuUlll 

• '!• 

Fusarium. moniliforme, 115 (Exp. I,IJ & III) 

Rhizootonia solani, 7 
Fusarium. vasinf'Q.otum, 24: 
Fuea.rium mon1111·orme, 18; Al ternaria sp. 
Fusarium vasinfeotum, 27 (Exp. I,II, & III) 

Soleroti'!,l?Il bata.tioola, R37 
Aspergillus sp. 
Penioillium sp. 

Uninooulated check (Exp. IV & V) 

Uninooulated check ~p. VI-XVII inc.) 

Uninooulated check (Exp. I,II ~ III) 

Fig• 1. Chart showing weighted index of infection 
of 19 organisms used in soil inoculation 
experiments• 

~zootonia solani, R 
- Fusarium scirpi, D 

Glomerella gossypii 

Fusarium monilifonne, 115 

~sarium solani, v. suffusoum. 
'd Rhizootonia solani, 7 
«>GO• 
! 
bl) .... 
I Solerptium bate.tioola, 41 

Fusarium soirpi. 44A 

I • 

Fusarium moniliforme, lC 
-~ Sclerotium bataticola; R37 

Fusar-ium soirpi v. aouminatU?11 

40 ~ Fuse.rium chla.m:v<lospornm 
.~sarium vasinfectum, Z7 

Fuaarium vasinfectum, 24 

Uninoculated check 

Uninooulated cheek 

Fig. 2. Chart showing weighted 
index of infection of 
19 organisms used 1n culture 
tube experiments. 
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Table nv. Uumber of samples of seedlin _s from ea.ch st te found 
infected by thr various fungi indicated. 

Weindling 3• 
"'rom lA:iller and 

:no. of : . :Other 
State :Samples: G.g.: F .m.: Rh .s . : F.s.: D. g.: Rh.b.: fungi 
Alabama 49 49 47 8 2 0 - 0 12 
Arkansas 34 33 33 7 21 l 1 18 
Georgia 84 7 9 80 10 18 l 4 46 
Kansas 5 4 4 0 l 0 0 5 
Louisiana 60 60 55 17 39 0 l 33 
Mississif>pi 48 47 38 6 30 0 5 23 
Mi ssouri b 5 5 0 2 0 0 l 
orth Carolina GO 1 1:.,, 1 13 3 5 15 

Oklahoma 17 0 0 0 b 1 2 16 
South Carolina. 104 90 9· 12 40 4 2 67 
Tennesree 7 7 6 0 6 0 0 3 
Texas 4 0 : 0 0 4 0 0 J 3 
Vi rginta 25 23 24 0 10 0 1 14 

Total : 462 413 407 : 61 191 10 21 256 
Percentage found 
with f ngi 8 . 4 : 88 .l: 13.2 41 . 3 : 2.2 4 . 5 : 55 . 4 

Abbreviations: G. g .: Glomerella gossypii; F' .m.: Fusar ~ um mon; J iforme; 
Rh.s.: Rhiz octonie. sola.ni; F.s.: Fusarium s p.; D.g.: Diplodia gossypina.; 
Rh.b.: Rhizoctonia (Sclerotium) ba.taticola-.- ttother fungi" includes: 
Alternar1a sp • ..!. Penicillium sp • ., Aspergillus sp. and unidentified s pecies. 

Table XXV indicates the presence of Glomerella gossypii and 

Fusarium moniliforme throughout the cotton belt with the exception of 

Texas. !,• moniliforrne is probably grouped in the "Fusarium species" 

by the Texas investigators. The small lm.ount of Rhizoctonia solani is 

of interest since it is such a virulent pathogen on cotton seedlings. 

This may be explained, to some extent , by the f act t }at R. s olani is 

a soil-borne orbanism for the most part, a ttackint, only the young seed-

lin6s, whereas Q.• bossypii is seeci-borne. Seed-borne or1:,a.nisns are 

usually more evenly distributed in fields than are soil -borne or{'.,ani sms 

and consequently s not sr ~pl ing may not give comp rable res lts with the 

two t ypes of pat hogens . 

[~ It should also be pointed out that the r esul ts of ·solat ons vory 

according to the t echniques used , and t hese techniques vary from one 



investigator to another . 

Table XX.VI . Results of i solations from wilted and diseased 
cotton seedlin0 s collected in southern Oklahoma in i~ay, 1939. 

Name of Organism 

Fusarium moniliforme 
F' . scirpi 
F. vasinfectum 

: No. ti. es: Percent of : Percent of parasitic 
isolated : total fungi: fungi isolated 

isolated 
61 30. 40. 

8 2.8 3 .9 
5 1.6 2.4 

F. scirpi v. acuminatum: 2 . 7 .98 
F. solani 21 7.5 10.3 
F. sola.ni mart ii 20 7.2 9 . 9 
F. bullatum v . minus 1 . 35 .49 
Rhi z 0ctonia solani 40 15. 19. 8 
~clerotium bataticola 24 8 . 6 11.8 

(UnIJublished de..ta of l.Jr . . i' • Ray and cited V ith his perniission.) 

The data of Table Y.XVI reveal r . nonilifonne to be r, resent in 40 

per cent of t he diseased c ott0n seedlings examined . Fi g,ure l c:hows 

T'usari um monil iforme to vary in its,we j g;ht ed in' e:x of inf'ec+.inn, from 

M to 50. Thi s would indicate that ., except under -very favor able con-

ditions, Fusarium moni liforme is probably a minor factor in Okla homa. 

cotton seedling disease problens . 
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Rhizoctonia solani was isolnted from approximately 20 per cent of 

the seedlings examined and because of its severe pathogenic rating under 

many variable conditions it is probably the most damaging of cotton seed-

ling pathogens occur r ing in Oklahoma. 

Sclerotium bataticola was isolated from approximately 12 per cent 

of the seedlings . however ., in view of its low rating in pat •,ogenicity., 

it is believed to be of slibht consequence as a primary put ho6en in 

Oklahoma seedlinb disease . 

The many s peci es of Fusarium isolated occurred in lov. percenta es 

of t he t otal number of parasitic fungi isol ated and since the majority 

o" t .. e .,.,usarium specj es F.l.ppear to be athogens of only "1oiler ate virulence , 

i t is believed tat these or gGnis s a re of slight co~sequence tote 

cotton grower. 
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The occurrence of Asperbillus ~·· Penicillium sp •• e.nd Alter

naria ~· in isolations from seedlinGS may be almost disregarded 

because of their low ratings in pathogenic1.ty. Fusarium vasinfectum. 

(the causal organism of cotton wi lt) because of its low pathogenj c 

ratinb a..na. infre<;iuent occurrunce in Oklahoma, may be classed with 

this 0 rou , althou0 h , it will prove mo1·e pa.thoi:,enic occasionally under 

favorable conditions of host and funbus . 

The experiments hAve indica.ted F'usa.rium scirpi to rank third 

in severity in the so · 1 inoc11lat · ons un er the many var nus . environ

mental conditions . This organism was isolated from a small nuT'll--er 

of seedlings in 1939 , however , if conditions were to prevail favoring 

growth of the organism it might possibly prove to be a very destructive 

field pathogen. 

Glomer ella gossypii is r ecognized as probably the most severe 

and important cotton seedling pathogen ea.et of Okla.ho and Texas . 

Experimental results throu hout this study have indicated that the 

organism is a severe killing pathogen under all conditions tested. 

Diseased cotton seedlings from Oklaloma and Texas have failed repeatedly 

to yield this 0r 0anis in isolation cultures . In view of this , it . is 

SUt:,f,eSted tta t Glomerella bossypii is not a cotton seedlint, e.thoben 

of importance to Oklahoma or Texas cotton 5roviers under ordinary 

ci rc•i':lstances. 

There is some question as +,ow ether the re""ults o fained in the 

soi l inoculation experiments are fajt f 1 as indicntors of fiBld in

fections from these organisms. There are factors involved which 

necessitate revision of thee results before using them to indicate 

field infections. In all probability, the presence of the organisms 

in the concentrations used in these experiments vrould seldom be en-
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countered in soils . Organisms in soils are rnw er found in pure culture . 

'!'here are al ays larbe numbers of pi;.. rasitic all'" sar,rophytic fungi and 

bacteria found in sru,tplos of s uil . The I,henomenon of co111peti tion in 

the soil flora is known to be a temperin0 factor in raisini:, and lowerinb 

the abundance and virulence of organisms in the soil. Therefore, field 

res ll ts would probably indicate lovrer "weig', t.ed i"l.ci'i.ces or infection11 

for t hese organisms . Comparison shnws that the"weig .ted i dices of in-

fectionnof the organisms in figure 2 are uniformly hi 0 her tan those 

in figure 1. I t is probable that there are as great or even greater 

differences to be found betv1een the soil inoculation experiments as 

conducted and acutal field experiments wi t h these organisms. On the 

other hand, the pl ants used in these experiments were favored in most 

cases by adequate moisture, favorable temperatures , and freedom from 

wind, insects, and other field hazards . To plants undor stress of the 

r igorous conditions of life in the open field , even pathogens of mode~ 

to lo inctices mi 0 ht rove very harmful . 

I t is kno,vr1 that serious losses occur annually f' om cotton seedlin£; 

diseases and that in most instances one or ',tore of the or1:,anisms studied 

in this Pper a re responsible. Those losses a.re usually t he result of 

all oft. ese org nisms, present in the r-ojl , working together to procuce 

wounds and lesions which wil l perm.it t e 1econdary orga.n"i-e.ms · n the soil 

to gain entrance and work their destructiort. The enti re group of 19 

organisms listed in Table II were found to b e capable of pr oducing var-
'· 

ious degrees of a ttack uni er at lej\st some of t ·, e conditi ons to hich 

t iey were exposed . Uhen these organisms are not pa.tho enic enough to 

cause serious losses by workinb alone , they may be thought of as the 

fu!ll;al pioneers that open the way for t he numerous other secondary fungi 



which make up t ht: soil f lora a.nd which, in all probability, uften 

are mor e severe agents of destr uction to the younb seedli n s t han t he 

ori tf na.l pathogen which opened the plant to a ttack . 

SU1' ~RY 

Nineteen cultures of fungi , i sol ated from di seased cotton seed 

and seedlings, were used in a series of greenhouse and laboratory in

fection experiments to determine the degrees of pathogenicity of the 

various organisms under a variety of environmental conditions. 
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Gl omerella gossypii proved to be a serious c otton seedli ng pathogen 

under all experimental conditions to which it was subjected, however, 

it is not believed to be a serious problem in Oklahoma because of its 

infre~uency in seedl ing i solations. 

I hizoctonie. solani v.as found t o be a serious cotton seedlini; 

pat hogen under 11 of the experimental conditions ujed and , because of 

i ts f requent occurrence in isolations f r om diseased seedlings , is bfl

lieved to e the most serious cotton seedlj ng nathogen under Okl aroma 

condit.'ons . 

Fusarium scirpi was snffic :Jently v1r ulent to be "ons i. dered an 

important seedling pathogen v1hen present i n abundance and when suitable 

t:;rovrth condit ions for the fungus and host prevail . 

A number of other s ~ecies of Fusari um were found to r ank in a 

group of moderate pathogeni c i ty and probably are of s l ight consequence 

in Oklahoma except under very suitable conditions for infection or 

when acting in combination with ane another or with otJ,er or ganisms. 

Alte.r naria sp., Peni c illium !!:•, and Aspergillus sp . were ranked as 

sli0 htly pat hot,enic , ith probably no importance in causing aerious 

l osses . Theoe species may even serve to inhibit the br owth of some of 

the more sever e pathobens . 
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Charts (ficures 1 and 2) are presented showing the '\veighted indices 

of infection" of the 19 organisms used in the experi 'lents and the cor

relation between soil inoculation and culture tube experiments. 

Extensi~e experiments were conducted with 6 of the most conunon 

organisms in the group studied ( Exp . VI to XVII inc . ) Glomerelle. 6os sypii 

was found to be the mo1.t str'):..1.gl y vir"Ulent in the experimen+.s conducted 

under stalldard, xerophytio, and variable conditions, also in the alkal ine 

soil experiments. Rhizoctonia. solani ranked hibl.e:;t in virulence in 

the acidified soil with r. lomerella gossypii second and Fusarium scirpi 

t ird . Under cond;_tio'1s of excessive moistur e both Glomerella 1c,ossypii 

and 'R. izocton·a s'lla.ni prove<l to he stronr;Jy iru ent with the reme.jn-

ing organisms shnwing stronger v·r ence +.ran under orevious conditions. 

It is commonly assumed that Rhizoctonia solani is most -virulent under 

conditions of excessive moisture, however evidence is presented which 

indioa tes that it may be just as severe under xeroph,rtic conditions. 

The conclusion was reached from the results of experiment XVIII 

that under a hit,h infection potential of the soil "New Improved Cer esan" 

has a limi ted protective power, being mor e potent on fu ~zy seed than 

on delinted seed, due to the greater ano, nt of the dust adherent to t he 

fuzz . 



''late I. Cotton o~edl1ngs of ::xp . \'I growing un
der standard conditions. Rows of plants inoculated 
from laf't to right with: un1noculeted chf.lcks; hhi
zoetonia solan1; J-i'usarium sc1rp1; t'olerotium ba.ta
ticola; Fuoar1um ~oniliforma; ?usar1um. ves intootum; 
and Olomeralla gosaypii . 

~late II. Cotton seedlings of ixp. V!I growing 
under conditions or oxoeaeive watering. ?.owa ot 
plants inoouleted from left to right with: unin
ooulated ch&oks; Rhisocto11.1a solmn1; Jfuear1Ul'Jl sc1r-
2.! i s ~l9rot1u:n bataticola; Fusarium mon111form;-;--
~unar1um. vas1n.fectu.'1Tl; end Glomerolle gossy:pii. 



Plate III. Cotton seedlings ot Exp . VIII growing 
under deficient moisture conditions . Rows of pla
nts inoculated from left to right with: uninoculat
ed checks; Rhizoctonia solani; Fusarium scirpi; 
Sclerotium bataticola; Fuserium moniliforme; Fus
~ vasinfactum; and Glo.merella gossypi1. 

? late IV. Cotton seedlings of Exp . XVIII produced 
from seed which had been dusted with "New Improved 
Caresan". Left to right: fuzzy seed in uninoculated 
soil ; fuzzy seed in Glomerella gossypii infested 
soil; delinted seod in uninoculated soil; and delint
ed seed in Glomerella gossYJ>i1 infested soil. 



Plate V. Cotton seedlings of Exp . IX growing under oondi
tions which were varied from time to time. These plants we
re severely injured by wind and cool night temperatures. 



Plate VI. Cotton seed.lings growing in soil which 
had been alkalinized by the addition of calciWll car
bonate (Exp . X). Rows of plants inoculated from 
left to right with: uninoculated checks; Rhizocton
ia solani; Fusarium scirpi; Sclerotium bataticola; 
Fuaarium moniliforme; Fusarium vasinfectum ; and 
Glomerella gossypii . 

Plate VII. Cotton seedlings growing in soil which 
had been acidified by the addition of a weak solu
tion of hydrochloric acid (Exp. XI). Rows of pl ants 
inoculated from l eft to right with : uninoculated 
t!hack:s; Rhizoctonia sol ani; 7usarium scirpi; ~
otium bataticola; Fusarium moniliforme; Fusarium 
vasinfeotwn; and Glomerella gossyoii . 



Plate VIII. Cotton seedlings growing in culture 
tubes of water agur. Left to right: inoculated with 
Rhizoctonia solani; uninoculetod check; inoculated 
with Rhizoctonia solani. 

Plate IX. Cotton seeclings growing in culture 
tubes of water agar . Left to right: inoculated with 
Fusarium ec irpi, D; uninoculated check; inoculated 
with Fusarium scirpi,D. 
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