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INTRODUCTION 

The econ 10 importance ot seedling disease 1njllry can h rd.l.y be 

over-e h sized . Many of the fungi associated with this type of plant 

al are aoU inhabit nta, end ar idely disseminated in grioul-

tursl soils. a rule, the ineidence or s ed.ling disease injury 

tluct te aeeordin to the existing enTironmental conditions. D par­

ture trait optilllm conditions tor the plant e:y operate so as to tavor 

the parasite and l!k departure in th oase of the par Bite ay able 

tbe host to eaoape • 

Seed rot end seedling injUry ot cotton is attributed to ~a:rioua 

• ed. or soil borne fungi, not-ably ot the enera Glom rella,. Hb.izoo-

In addition to th ae, it is not an 

infraqu nt occurrence to rind species ot Fusarium snd asso-

ciated either aingly or together with th aboYe in the form of a com­

plex (5, 24, 26 , 36) . 

The hypoootyl ot cotton seedlings may be slightly or .,v r&ly 

nmaged et or n ar the aurtace of the 1011. or, the 

cor..,pletel.y' deoayed ae the cotton s ed 1• erminat1ng. 

bryo may be 

In the first 

ca e, the seedling may be inJUll'Elld and recover rrom the attack, while 

frequently 1n the l atter instance the bryo 1a destroyed or dam.aged 

to such a degree that rgenoe tro the soil 1• newr aoc pliahed. 

at cultivated upl nd cotton is very ausceptible to at.t ok by 

aeedling diae se orgsni .. At present screening pro 1a under-

way at the Oklahoma .Agrioul.tural .Experiment Station in ae :roh ot 

resistance or tolerance which ght prove valuable tor b1?'8ed1ng 

l 
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purposes. However, to ate aeed treatment and cultural pr ctic are 

the pr1no1pal control metboda employed. 

Seed tree nt has not given plete eontrol 01' cotton meed.ling 

diaeaaea. Fungie1dea pplied to the drill row the seed are planted 

have been usod with some suco as o an oxperim ntal b sis tor the con-

trol ot both seed decay nd post- erg n~e injury. sults obtain 

int e tiel have een variable end indicate a ne d tor into tion on 

the ape iticity ot :tu.ngieidea to giTen patho ns, end also th · length 

ot time the different tungicid.ea remain efteottve in the soil. 

Th purpo e of hi investig tion w s three told: l) to identity 

e. apecie• of Pythi laolated tram int'e"Cted se dl1ngs,. 2) to atablieh 

a method ot inte ting eo11 w1 th E,y:thi to be uae in greenhous t te, 

3) to detel'min• the t 1c1dal and re•1dual etteetivenesa or the 

tour chemicals (zina'b, thiram, naptan, and .entac oronitrob&nze:o.e) 

against th cot ton se 11n pathogens , less and 

1zoeton1a solan1 Kuhn. 



Literature Pertaining to Rhizootonia 

solan1 ia worldwide in it• distribution and i~ role in the 

seedling diaease co plex of man7 plants has been studied extensively. 

An excellent review waa compiled by workers at the Univeraity of 

nneaot an4 published in 1952 (21). Literature relative to ita as­

aoo1ation with cotton has been adeq tely reviewed by Young (37) an 

Xortaen {22} end will not be further treated. here. 

t ter ture .Perta1n!!,g to P,rthium 

Arnd.t (3) tirat reported Iztpium ultimum Trow es a eotto seed­

ling diaeaae pathogen in the United States in 1934. Aoccmpanyi g 1ta 

preaenee he tound reduced germin tion ot seeds and impoveriahed atanda. 

Miller 1n 1938 (24) while taking r81ldom $3mplea ot diseased aeed].1nga 

tran nine aouthern statea, iaolated fYthi 15 timea out of ·344, a.am-

plea ot diaeued cotton aee411np. cording to frequency ot taola-

tion it ranked tifth, preoeeded '1 ,!. aolan1, Fuaarillll app., FuaarilD 

monilitorme (Sheld.), and Glcmerella goarot1 ( .. } in th t order. 

live other .specie.a ot fungi were isolated lees trequentl7. Arndt (5) 

auggeata that_. ultir.mJll ia inhibited by tungicidea used tor aurr oe 

sterilizing ot cotton aeedlinga and that thia may be why ore frequent 

covery ot th1a fungus 'fro diseased seedlin is not obtained. 

eindling, ller, and Ullat:rup (35} 11st !zthium ap. long with 

el.even other organisms aaaociated with d1aetUSea of cotton a edlinga,.. 

Dana and Lun (11) found Pphi •P• predominating 1 certain aoile 



ot ihe .sa1sa1pp1 Delta u4 proceeded with teat• which aatabliehed 

1ta pathogen1eity to cotton .. ! • eolen1, due to 1te high degree ot 

nrulence under varioua environmental cond1 tiona, and because ot 1 te 

4 

trequenoy in Oklah soil•, we.a considered by Re.7 snd ots.ughlin (26} 

to be ~he moat 1mpor~ ot so tourteen fungi involved in 1aease• 

ot eotion seedlings in \he •tate. :!):thium was not 1:aolated during the 

course o-t this study. 

Te.xonanr o't the Organiam. E.• ultilmlm waa tirat described in 1901 

(53). Being u.nable to inoculate heeltlly' cress plant• Yitb th isolate 

obt ined trom rotted-ott .seedling, Tzow's oonolwsion was that the 

t be a saprophyte. All attempts to 1n4uoe the orgau1am to 

produce zoosporee, ao common to other species in the genus, pro't'ed 

negat1Te. Due to his belief that thie apeciea exhibited greater adap­

tation to a t•rrestr1 l existence as evidenced by the tact that it 

alone .ha~ loat all power ot produoillg zoo•porea, the apeoitio name was 

chosen to cell ettent1on to 1ta position in the genua. 

contention eventually aro•• iD connection with th validity 

ot new c.laaa1:tication, due primsril)" to the tact that cloae a.1lll1la1'1.ty­

ex1sted between the. organ! and t• debaganum deacribed earliu. 

!• debarfan is •aid to be d1atin8Uiahed :t1'01I !• Ul.tim by ita typi­

oaJ. plurality ot 8Jlther1dia whioh originate some d1st8llce h"otn the 

oogoni (23). Drecheler (12) reported similar obaervationa ot the, 

two apeciea. Van IDijk (34) believed the anther1d18l ehar ctter inaut'­

ficient tor apeottio aegxegation, preterring to consider!.- pltimtm 

eynomyoua wJ. th l.· debarzan • 

Late:-, Dre er (13) in 1-946 and Ark (2) in 1949 reported wqa 

ot inducing!• ultimua to produo zoosporea. In 194! Reinking (27) 
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diaeovered th ex1 .in .f... ul timum whic va ied 1n · eir 

ili'ty to eoay pe seed in o1 t ao1ls. Cmn.pb ll d Sl th (9} 

r or din 1946 t t "three type of cultur s were found on iseas 

gaayule pl t • One typo p::.9C ue only oospores, while another pro­

duced only sporangia., while the third produced bo'th • 

.......... ..o1.... ......... an .E_. ult1mum grow abund tly 01 many typas o-t 

t wide variation.a in tempe:.ratul'.'. Ord.in :tUy, 1sol tea tend to 

gr best at t p ra.tures between· 25° and 30° C, yet t 

~um reach " S low 1° C and s higll 40° C res tively .. 

' ddleton ,:;3) p.oin · out t t the two fungi e:ria very e 

in th Uni tEJd St te and re f'l'equently 1·epo:rt through-

out he world. 

T perature and isture Bel: ions... It hes baen & general ob er-

tion y several mycologists t t ei sot th genus E[thi xhiblt 

pre1'ttenc« to a ool humid type of Xistence... Severe pre 

1 jury to ootton plants ha been observed. to occur uring ool wet 

• th r {5, 7). 

mato ino 

@ ( } ported th t. t e sa.verity of tt ek on to­

thtJ soil mois ure incr ea and is wost severe a 

the point ot sa turat-ian.. 

1n 1934, d~ (3) reported xperi nt which indicate th t P. 

ult · is prino1 lly a pre-em rgenee r t er than & po t arg&noe 

pat ogen o,r ootton. At a eonstant pel'ature of zoo C, all seedlings 

his sts e rg bUt G per oent were finally killed. urty-tiv, 

70, ond 100 p r oent of th .. se lings wer killed. t t , pa turas or 

2,,0~ 24°, and 21° G reepeotivel.y .. OJ>ow cotton seedlings t 30° C 

tor or 13 ·days nd then lo ering the e tu:re to 21° 0 resulted in 

o a injury, but s uch less severe than in the r1rst exp riment; 



thus in icating that c it1 l ric4 for cotton aeedling# 1 dllr 

ing the first ok or er.mination. 

ln 1943 the , authcr pu lishe data sub ten, i ting 

fin inga end cde n • t1cnal ri 

only$ per cent er enc (5) . 

t r&latio rk1 th t e on to .. 

to li In thi ct:~, high eo11 mo1 t lio con idere 

ravorabl to ru ,ping-oft. 

The opt for tho enic1ty are ry 

diseimil r. !tarter (14) to d that 12° . d l~ a perature 

l tt.g r ere mo t · 

t a 520 o .. l ing a pee.t soil knoT/ll to be infest nth 

ntr ted corn 

• 
t'o t or titte s tta w d. and the r ulting dis. as wn 

practicsl.ly 100 per cent fa al. aeb found t t wet el u Ol!' 

eta tarded by low eratur duri 

t 

ol'egoi 

deb am was not o:rrel t 

1a ion o er 

e!f'ectt1 e. 



A tomaldehyde drench appl1e4 ao aa to thoroughly •et the . oil 

a& re ort in 1931 (1) s a s tts~ncto.ry co trol tor c ptng-ott ot 

t to seedling where e e1es ot ~hi were the chief 1 citing 

egent Soekt "'the ao 8 in dirterent lut1ons ot' fo ldehyde end 

mercuric chlt'rid did not control the ueas. Soil 1 lnteotion by 

'I 

ot oopp r sulphate • s unsatis.f ctory beco.use ph-3 totox1c1 ty oeour-

d • en effective qu nt1 ties ere u ed. we , o:rset: 11 {15) in 

the ye r toUowingt :tound eopp r oxt.d to e efteetive as a e d tre t­

ment a inst damping-ct! o.t several v getable grown in the gr-ee:nhouae. 

Sulphn.riG c1d ll b en reported to control f.• in n alk:a-

lin soil by redue1n the~ (29). · o ever, in kl 1 dar.Jp1ng-o:rt 

ot Si ?'!.an E observed. on oils 1n • 1c pH r nged tram 

5. to 5. 4 (36). J'ackaon {17), while workin 1th d p!u 1n 

0th.En' r gion found _. Ul. t tl.ouri.ahcd at values simi er to the 

above wb&n grown on al!" 1ficiel dia int labo torr, yet d J.?p1ng­

ott we oat ee.vere et pf! a n igi bl.a at pH o O? 1 s. Sort rot 

of n t potato inoited b-y .!:.• ult ns most ever t p 7 to a.2 

accordin to Jones (1 ) • 

It th cc siou p 1ts, ntomning o t he ooil i as e~~ooti e aa 

n:, of t c revio sly eon ider d control 16). Tiowcver, 

tests have proTed th~t suseopt1bl len an rd~d in~ ot11nsd eoi1 inoc­

u.l ted with Iythi . are . wh 1110 sev rely t:t"ected than thos in simi-

1 r 11 here ateaminG ha"' ba:en o.~tted (l, 10, ) • 
) 
Some or tho rel tively n o~org ic ieides ~ be n round 

o be of co side ble value. 1 .titeratur on thi r,has or th subject 

is abund t. Depending u on t s1 tu t1on, the p:roteoti v l e ot one 

ohemical b 1n direct proportion o the doss e ppli (32), while 



auotllGcr n1SY h$ nlatiwJ.y ettecti1'e at ae~ l-etGtJ (50).., 

t(!rge acele ~nltivetion er the ~a plS11.t in this eoun.try 

initiatod: fttt'ther. studioo Ctf chemtcot s-eed ,Totectettttt \?her$ inf'edei 

. $oil.a .,were· ,u,~. !1tf?'Solite 19 ·· {ph~l J!l.Eir~c a.slicylate) end Merao-

1:tte: S · (:pho:nyl mereu?'ie ece:tlil:t<:r) when [:tJpli.ed to the teed et · ~atu of 

Brinlm:rboff !1.!!~· (?~ 8) nporf;ed field studies in which goal 

control oi' R. solani c:m cotton .-as. obttd.ned with t~thi&son 2'15 (penta-- . ' 

.chlm:cmJtroben.z&ne) when appli-1'!4 ·in lhtJ' <lrlll. .ror,, as a dust or sp~ 

at tr..e ti..1lfe of ~etUng. Ziaab e.nd. t)l!.ram a:vrlill! in s. a.imlar mtnmft' · 

a:pi.,iea,l:'ed outStt!ndi».S in thetr . etfe<tt! veness aga.1nst '{lre....emerr;ett!Je 

in,jul"IJ which oceur:re-d at low tempo:rP-:tu:rea ·an.d was ettributed. to 

11cthiUJ1 ep.. !:r.tf4'!.$. t!). was ,obtB . .inod trG.lil ceenytn~ seed ond, seedlings 

during cool weathet'·, ani:a, !n both lebo:r..etory and field tesiHJ. caused 



· ~a oul tu.re .of !• colast. ued 1n the :following teste was ori€Wl­

all.y isolated . from ~ inte~ted ccrttQn seedli~ grown. at Oht<,:kaaha, 

Oklahoma in 1951. Sina$ tlult time culturaa of the f®gus have been 

mau.tainad. ® st~d grain .s:o.r~~ 1u,m, t~tera each time being 

T.!$2d.Q only tl'om . tb.as:e c'Ul tur~ whieh :Pl"Gdueiad an Elbtm.d.an'tle or so~o ... 

tia. 1:bis ~e uoliit$ ha$, 'be$n. used i,n B:rtif'ieiel b1o<ml~t!o9 .. · 

s.1ne;e J.95a. 

·~~ ·cul 1,"Ure ot 1Jtb,fm. 'l.2$ad 1n t;heaa s,tnd!es· was 1aol~ted Dom 

decqing. eotwn $e~d du:l?1nit; eoo1 wstber iu k:prU, 19M. stesmm 

,:So~ saed alao pr~ .. Gui table a$ tt w'bstrata :tor cul~ing tli:ts 

fun~, ond field test$· W$il:'e named o'llt du.ring 1954 era,PlQY1ng i,hi~ 

i~lat'.e fl$ the te$t pz.tho{ten., (8) •. 

· 'xb..e ~sent iniie~t1g;:rt.;i® a.tar~ with an attacwt to identii)' 

the ape'Qi~S &l;' l;l,thi~'l. 'Wl0;$i: Ctm$1ace~Sti(}ll-. m .$0 i~'!! t!S observed 11y' 

th.O write!",. morphologie,al chara,et(J~ of ·\h,e ~$ i"rtt1t1~ om. ·~ 

~r appatn'ed to e,~0:m. to thos'11 of ,t. J!+'l.<~ {Fi~ 1) •. Pl~litf 

ot e.nthoridie. we~ ~a.en but seldom, .a'.Jli 1.t1. 1J.t[) .~.se wns nore. · than twe 

.tcw.d atta¢h:stl te e.ny Oll:$;'1 eo;~'ll1'11 .. 

llowave~, distinguish~« Q'har~ete~io:t!o.s such as· tll.$ number ot 

antheridia and th91;r potat of .att~:c~\ were n.ot easi1y obse.:Mred., 

l~S· ctul:t\\l"'.eS pent to n,,. 1 .• T;.. Mid.dlillton, Uaive~i ty ot Gal.it(ll.'D;in,. 

m~~ide, w~~e 1dentiftea • l.~ hbSJ!n~, th.e !1:ffl'blt. fltU, be ten­

tativelf· d-e&:icnattnt e~~,:ig).y ~ this pa~. 
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1. gon1 d thendi {A-D) 
it ( --F) ~ l;;nh1 obeen d 1t 
~.r .l 

lirh.eae winga rea•ble P. ult • Bowe"Ter, tranaten ot the -or1 n culture were 148llt1:N.ed c11 _. deba~~ by Dr. J'. T. 1ddle-
-son ot the ni"f raity ot Gal.ifor.nia. It 1• poaaible tha the original 
cultur s ix , or t t t e edia att'eot.ed the b r ot ant ridia 
t t were produe • 



et ode ot Inoc-ul tinp:. Several t od.s ot infest1n P- soil with 

B. aoleni have been developod for both field nd greenhouse studies 

e.t the OklehOl'!ls '.gl:' cultural por lent Station (7, BB). ,;ost ot the 

methods emplo tbe uee of ate ad grain sorr,ht se d as~ eulture e­

di and either whole gr in or oho~ped hyphBl suspensions to in:!"Etst 

the ao11. It e found in el.\house tests that a direct correlation 

exited bet een the r cent ot i, edlings whieh erged and he ount 

ot hyphel s us e 81on epplied to the 011 •. 

'!.'he whole ~r in etho had ~rov n errecti tor infestin soil 

i the field 1f1 th !:.• o.ebamnum. ( ) , but test h d not b en "'de to 

determine w at :methods . i ht be etf'1 ctive in th eenhous&. 

Etght ounce rescr1pt1 n bottle-a we~ t ill a. wit the desired 

amount or rinsoo sor seed nd. st.:.ff'ie1ent cter as added to cover 

the a d, efter whie th bottles ware .lugged wit eotton, capped 

and au1;oeleved tor one hour on oh of' two sucoessi T-e days. J'..tter 

being 1nooul ted with th-e fungus, each bottle sin ubated t 10° F. 

By the end o-t' t•o ween, my-c.e11a o:t t e or an1s h d :penetrated 

the entire · ass ot seed. lnoc um we..s -preper y ehop-p1ne the cul-

ture• in~ i"ood blender with water el'ld than str ining the e~r te 

tbrough two layers ot che see oth e that the rs 11 ng s1s · nsio 

could b n~plied with an ordinary 11p.rinkl1n...._ -oan. The hyphal uspen-

aion •as ten stand rdizad by diluting on.oh 25 ml of :1.noc 1 ith 

au1'tie1ent ater to ake 1 11 ter. 

·en tlat• were us d, the desired emou.n:t ot stock usperusion o-r 

11 



inoculut1 was added to sufficient w ter to make 400 ml total and then 

sprinkled v3nly overt e entire surtaoe of a flat at the ea d l vel. 

Unless othe ne sp oifiod.. te ts in e inoh pots were in ul ted sim­

il r to flats.. T enty-f"i vc .r.u of tho diluted inocul · are applied 

per pot. 

Soil, Initial prep· ration ot soil .lonsisted f'irat of the addi­

tion ot 1:101eturo (if noode) to oil int e storage bin. oubse~uontl.y 

it wc.o so.roonod d, 1n cas s ,here partial steam sterilization as 

do ir · , l ed in a steam chamber tor e two hour period ef'ore using. 

~. A one ye ..... r ol d l,ot of e.eid del1nted seed o'f th • iety 

Dalt pine 15 wer used: tor all the following experiments. 1'he light 

fraction was not re ved when deUnted, but all notioee'bly def'ective 

saede were :removed individualJ.Y' by h nd. The r in.ing portion gel'­

minated between ?O and 100 per ceut in labor tory and greanr...ouse 

tests, the germ.in tlon being higher at high tem:peret~oe. 



DOSAGE TESTS , 1TH PffH 

at 1 .. Int · t l, wooden fl ta {4 x. 14 x lG inches) were 

tilled 3/4 full with oist, steamed aoU. fhre• d1tteront •oila wue 

'18ed (••• ·Te.bl l). SOil 11' be'I' 1 w collected troa Perkins Farm 

2 an 3 from. the Stillwaier en Agron<)IQf arll'l. 'l'he upper o 

inch le,-e,r ot soil in the nat a r oved and tb.e r ining portion 

level&d. ·and :p olr;ed 11gb. J.y with board.. iT• evenly apaoed ron 

were marked a~u the nat. Twen:ty ootton aeeda were pl nted along 

the length ot eh row .. Seeda were then p , aaed lightly into the 

soil to help t in.t&in their ition when. llqui , 1nocul a 

pplie. 

iYe fl ts• re 1nooulated, .receiving o, 10. :ro, 90,, and 270 ml 

ot atook _. eb qan)!! 1nooulum r sp cti vely. Enough ater waa added 

to the inocul in each 1natanoe to make a total volume ot 400 ml. 

Tb• aurtaae ot e ch t.lat n.a ~hen covered with one inch of l .ooae., 

ate ed. soil end placed in a refrigerator held et 6-s' F. AttEr tour 

4.aya, all flat• were r•oTed to the green.hove .. Seedling e?genoe 

count• war. de tour day-a later. 

Taperaturu were exoepti<mally high u exceedingly hot, 4J'f 

weatha:r prnailed uring 'the HIIIJler when t.hia teat e cl:e. Untor­

tunately, no~ c111t1ea were &Tail.able for controlling greenhouse 

t ra'lurea. cause ot repid. drying end cl"Usting under th••• 0011• 

ditiona, th aoil a~aoe, was looaene4 to ta.cilitaw -.i-genee ~ 

aeecllinp. 

lS 
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able l. Da a pertaining to the thr$e aoils used in inoeul.um dos~ 
tes 

C" Soil type plI Phos horua 
onte.n.1 (,~) 

1. Norge eendy loam 6.4 Va1:7 hi 2.9 
2 . Pon aandy loam 5.4 Very high o.ti 
3·. rt silty 0127 loam a.o igh 2 .. 2 

ult.. The a-tati t10 ·1 anely.ees fort st l are pres.enteci 1n 

t&blea 2, a. 1U1d 4. ghly eigulfi nt ditferencea wee 4alc\l.l 

tor inooul :ra • in the c • or eaoh soil type. the 00 ubinod 

to exiat tor 11 types, inooul.ua . tea, •oil x tnocul inter-

aotion. An. t.eresting obse.rvati 

(nUII r land 2), additional ittooul above a o tain level did no~ 

r- ult 1n d1 tion d'90ro ee in e ·· rgence ( igu.re 2) • Clay• on th6 

other hlmd, qutnd c p r tiTel.y b.igh inooul doaagaa to aariouely 

r u~e ergenee. 



15 

ia'ble 2. Cotton aeedling t st• owing the et:t'eot ot ditt'erent 1noc.­
ul rt ot ~. deb ryan appli to orge andy lo eoil ( l f 

rkins J'a ) • 

Inooul. rate Treatment 
i1n ml ~r tl t} l 4 ean 

l(J 47 92 Sl 68.5 
30 34 33 38 55 40.0 

10 & 5 5 6 . 
270 14 14 20 Ul 14.5 

Chack /a 91 98 917 93 .. 0 

An lt!i• ot variance of 
Source o1 Degrees of Sum ot n ., 
'Yari tion freedom aguarea eg,ure Talue 
!otal. 15 ll,l'll.'75 -

plication.a 3 554.75 -
Tr tmenta 3 9 ,408.'75 3,136.,25 23 .. :56** 
Error 9 1.200.26 134.23 

Ll1 0 eka wer noi incl in .the on lyaia. 

Table 3. Cotton aeedling test allowing the e:tteot ot ditterent 1noc-
ul1 r te ot _. de rzan appli o Port aan y loam soi l { ,.· 2 tr 
the .Agrcm~ Fa:rm, Stillweter) • 

Inocul. rat 
(in llll J?!l" flat) 

10 
30 
90 

2170 
Cp.eck /e. 

Source ot 
Tariation 
Total 

plic tiou 
Treatments 
•nor 

'rotal aumnng aeecll1np 
Roplioatu · 

l 2 3 4 
23 17 56 51 

7 5 11 5 
14 29 12 3 
32 27 13 17 
97 89 Q-4 S9 

Anal:ra1a ot Tartance ot Table 3. 
Degrees ot Sum ot an 

tl'ee aquarea aguare 
l5 3, 95.'75 -

3 45.00 -
3 1,939.25 64"6.41 
9 1,711,40 190.16 

L!. Checka w re not f igured in the analysis 

Treatment 
ean 

36.8 
v.o 

14.5 
22.3 
92.3 

., 
velue 

'l.17*'* 
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4rabl 4. Ootton edling t est howi ng t ho eff'ect ot different i noc-
u.l Ta t-Os or P. deb~ pplied. ·bo l?ort clay aoil ( 3 trom t he 
AgronQllly F, m,Stillwster). 

Tota;L aurvivi~ eedlinga 
Iaoculum. .rate 

111 ' J!!r flat) 
10 
30 
90 

270 
Check la 

Source ·ot 
variation 
Tot ' 
Rep11c t1ona 
Treo nta 
Error 

Replicates 
l 2 " 8!3 ' '1 '7 

70 6 75 
29 70 30 
21 ll 23 
92 81 93 

Degrees ot s ot 
treed .egµarea 

15 12.4&&.94 
3 10'1..69 
3 10,947.19 
9 la40l.06_ 

I.!. C ks wer• not inel ded in the anelY81a .. 

Tebl• 5. Combtned analyaia ot all three soils. 

Source ot Degreea o~ Sum of 
Taria"ti?~ .rre,dom 8!i,!SN8 
Tot-el 4'1 36,490 .. 98 

p. 111 soil 9 6g'1. 44 
Kind ot 4o1l 9 9.157 .. 54 
!nooul.um rates .3 15,337. 25 
Soil x Inocul\1111 6 6,-91'1. 96 
Error 27 4 1320181 

4 
90 
?2 
52 

82 

--
3, o .59 

155.67 

. a9.nai-e -
'l?.49 

1,01'1.SO 
5 ,ll.2 .. 41 
1,161.33 

l.60.05 

Tre en't 
moan 
83. 5 
70. 5 
45,.3 
15.o 
87.0 

value 

·.484 
&'.558** 

31..947** 
7.257** 
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Figure 2. Curves representing emergence 
of cotton seedlings at different inoculuru dosage 
rates of P. debaryanum (inoculum expressed in ml 
per flat). Soil 1 is Norge sandy loam; 2 is Port 
sandy loam; 3 is Port clay loam. 

1'7 



(10 
and 2'10 ml ot 

. & l l. "O 

i a in.orea& 
rgencs. 

18 



19 

ny urriving EH3edl1n s observed in 1noaul tod flt or test l 

ap ar d to be unh ed. in tion of th ir root sys t , however, 

revealed th.at the t&proot or so e plan ~ he.d apparently been destroyed 

and ndventitio root had develop d. Other eppear d to h ve norm l 

root syste but not infrequently e%h1b1ted soreshin or distorted 

cotyledons (ae tigure 4). Very rew pl nts esc pd injury. Pat 

g n1c cult'U?' s of the tungus er 1 elated injured tis ues ot 

either th c-0tyledo ar:, lea e, the et , or the roots. eayi.ng 

seed end young plants unable to erg& ere found o contain an 

abundanc or oosporcs. 

1 d y old cotton lin infec ed 
P. deba17:an ho1r1ng chnr cteristio ptoms 1n ste e 

rt aandy lo soil.. 'l' per ture for tir t 4 ys .tter 
planting was 64° Fend ao0 to 110° F tor the following 
6 days. 



0 

Fi 5. ypic l pre-emergenea injury o gel".II11n ting 
cotton seeds incit d by • de ;tZanum. (bottom) as compaired 
to lthy 8e ds (top}. -
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Teet 2. The obJeotiv or this test ne trhy addi-

tional inooulum. aboTe certain l evel di not result in decreased 

:rgence in the s. ndy losm so1la of to.st 1. It was thought that 

so ething in the eultu medium itself. possibly starch, as reapon-

sible tor these differences . 

In test 2, the a procedure as follow d a for t st l exoept. 

tor the follo 1ng modifications: 1) Two checks aeoam anied e oh 

ser1ea of dos e rat a. In on , 400 ml ot water was au stit ted tor 

inoculum; and in th& other, 400 ml of a sterile grain-culture auapen-

sion wa substi uted hieh was prepaired in th a me manner a the 

1noculum. 2) Su.rtioient grain suspension w added to each inoculum 

do age to :make the grain content co parable . 5) Only Port s endy lo 

aoil was used . 4) Greenhouse temperatures aver ged approximately 

70° to 75° F cor:ip d to ao0 to 115° F for the preVious teet which 

was m de in t he er. 

Resul ta. .All 1nocul rat s of !• debaryan e:rrected 100 per 

oent ts lity or se lings, thus thwarting the original objective. 

This w,s undoubtedly due to envir ent~l ~onditions in the gre n-

house which fa ored dise se de'Y'elo ent. However, oth tests were 

exposed to the same initial 4 day inoub tion et 63° bef'or being 

placed in th greenhouse. A t o t note rthy ot mention ie that there 

en 16 per oent ore seedlings 1thich J erged in the ch ck flata 
I 

rece1 ing sterile grain suapension th in those receivi g ter; 

rgence everaged 79 end 63 per cent respactiv ly. 

T &t 3. ~his test a designed to deteri.ine the r raibility of 

using pot re. n fl ts and to observe the action of the host-

pathogen relatio_nahip in non-steamed ao11 hen inooul r te were 
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TSried. lnoeulum dos gea wer 2, 4, 8, and 16 or stock suspension 

po~ 6 inch pot. Inoculum a prep red as in test 2. 

For planting, th upper 1 ineh lnyer of soil s removed from 

ea.eh ot end tho remcinin portion e shake down by lightl strik-: 

ing the pot on the tloor sev:er l time. Ten aeeda were distributed 

overt o surf ce or the soil. InoeultlD'l ~st en pplied nd ~ ch pot 

w s covered 1th th preY1o sly remov d soil. At"t r n 1 1t1 1 ad y 

1no-ubntion period at 63° F, all :ro · r pl1c,at1ons ere r ovod to the 

greenhouse and in tain d a.t en average temperature or npprox1.metel7 

80° F. 

sul ta. ly 2 pl nts erged in the 16 inocul ted pota . 

Hence, P. debarv,.num appeared to be a.e severe in non-steamed soil es 

in steamed sojJ., and no ditterences e.re obt ined with different 

.oun s of inooulum.. Stands ranged from O to 90 per cent in the 8 

checks indicating th t , the te t waa oonducted unde?' eond1t1ona ex­

tr«nely favor ble ror disease develo~t. Apparently d1se se deYel­

o ent e the same regard.leas or whethe? pots or flats were used. 



DE!' !NATION OF GICID.it.L AND RESIDUAL EFFECTIVENESS 
OF FUNGICIDES TESTED AGAINST R. SOLAN! AND P. DEB.ARYANUM 

Ident1t1oot1on ot Chemical.a 

'l'.b.e 4 tu.ng1c1des selected for these studies have shown pro iae 

aa seedling protectants when used as apraye or duata in the drill 

row in field teats (8). Intormetion is needed in connection w1 th 

their loas of potency ea a function ot time atter aoil applie tion. 

The determination ot .minimum etteotive rates end the spea1t1c1ty ot 

each product ere 1ncorporated in these studies,, 

According to their respective m.anui'aoturere, captnn haa an ex-

tremely ahort residual life in the soil 1fh11e thi ia gredually 

broken down end its etteot1veness la usually 4 to 8 weeks. Th1rem. 

has been :round to persist tor 2 montha in sandy eoil but diaappea.red 

tram compost aoll within l week (28). oomparable into tion waa 

tound tor zin_eb or pent8chloron1trobenzene. 

Table 6. Date pertei.ning to the ohemioala uaed in the following 
studies. 

Chem1oal f.!:.. tiTe prinoiple ~ .Active ~e.oturu' J2rinoi1?l• 
l) Zineb ~o ethy'l ene biadithio- 65 . 0 lchm. and Baaa 

oarbamate 
2) Thiram Tetremetbylthluramdiaul- 75. 0 DuPont 

tide 
3} Capt n N-triohlorometbylthio 50.0 Cal.1:t. Sp.ray 

tetrabydrophthe.11.mide Oh•. Corp. 
4) th1eaon 2'15 Penteohloron1t:robenzene 75 . 0 thieaon 

f.!:.. The z1neb wea Di thane Z-78. 'l"hir we.a Te.raan 75. Oaptan was 
Orthoo1de 50. 
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It will be observed t t h$ fol.lo 1ng teri la and th s 

apply to th en ire seri of tests with tungioi es: l) ooric 

were appli by xing th with the aou·; 2) only .For aan Y' loam. 

soil . as used; and 3} e ch test., with on ua pti.on, reoa1v d an 

1 i tial 6 dey inoub tio-n period·· at. 3° to 67° F 1:rum&clie:t ly an r 

planti ... Con it1oning ot the so1l, "..hods ot inoculi.rtion; inoaul 

ra tm o x·at v 1$ and-will be e c:rib in the ppro..:. 

priat pl ee under ~c e:xparlm$11t. 

Testa 1n la'ts 

Soil nlmn from th tield very dry and required the addition 

ot water tot storage bin to :raise the moia\ure lenl to pprox1.:.. 

tely 25 to 30 per- een't ot ita, terhol41ng paoity. By verging 

the weight ot 48 tlats o~ moiat aoreened soil. a standard weight es 

established and then con: erted ton volUnte ate:ndard. The olum 

stand 1·d thus obt ined ws used tor all subsequent tests in flats. 

Te C cala were sprinkled o r the surface o~ the soil which 

had b en ured and poured !tnto a l arge galvanized pan. A thorough 

mixture with the upp r inch er soot surface soil was ccomplished by 

and, aft.enra.rd hoe was used to facilitate- mixing ot the entire 

content.. 

T••t 1. A aeries or &oil a ple• were treated with varying 

quantities ot each oo rciel. product in an ttempt io cleiemine th• 

phytoto:xieity of e ch ohemical. 1st, non-steamed soil ws placed 

1n flats and mixed with ea.oh ot the 4 tung1o1des at the rate ot 

1:20,000, 1:10,000. l.:5,.000, end 1:2,000. Immediately t"te.r 
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planting, all tlata wer watered and placed in the enhouse. 

aul. ta. The per cent ergenoe did not appear to be greatl.7 

lowered by any or the chemical used. '?h.1ram supreasod seedling 

ergenc. P1anta were stunted at all r tea (Figure 6). Stunting 

was especially aevere in The two higher ones where few plants aur'YiTed 

tor 36 days at which tim the experiment was terminated. Although 

unlike thiram in 1ta toxic eftecta, captan produced noticeable damage 

at ach rate, marginal l at bum1ng being the typical symptom (l!'ig-

ure 7). Incre sing injury was .noted as the rate was increased until 

approximately 1/2 the leet area was destroyed t the highest rate. 

Necrotic areas were light brown in color and distinctly separ ted 

t healthy tiasuea. No plant 1n.turr was eTident in any flat con-

tining zineb or pentaohloronitrobenzen. There• evidene that 
. 

c ptan accelerated seedling ergence at all ratea while thirmn d -

layed emergence at high rates. 

Figure 6. Six day old a ling• grown in soil 
treated at the following rate or th1re : A. 1:20,000; 
B, 1;10,000; 0, 1:6,000; D, 1:2,000. 
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Figure 7. Three e k old cotton se dlings 
depicting c pt n inJU?'Y h d at th rate 
ot 1:20,000 .. 
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Teat 2. his test conaia ed or 3 trials or replic tea • . one 

pa:rt eo rcial cheraicsl to 20,000 parts 0£ .moielt steamed soil a.s 

prepaired 8l'ld _ flat were xed at at e. In the end, there were 

16 tlata containing 4 lots ot ,aoil treat . With each tungicide. 

Identical series were planted after O, l, 2, end 4 weeks. .Both 

an inoculate (90 ml or atandard byphnl ausp8D.Sion per tlat) an an 

unmoculat d cheek cc pan1ed e ch ser1ea. The entire experiment 

na conduet d during early t all at a time when tam.peratures 1re:c"9 un ... 

season bly high ( ao0 to 105° J') • Count.a wer. ade when a&edlinga 

wer~ 12 and 18 days old, but only the 18 day oount was analyzed sta­

t1at1oa11y. 

Inoculation • a att ted by 2 methods: 1) The up:p6r 1.nch of 

ao11 was removed, tter which seeds were planted and the inoeulum 

applied . The soil which had been removed was then replaced. 2) Th 

aoil waa not removed, but e ~bin board was used to make 1 ineh deep 

turrow. Inooul • a applied to the entire aoil 8UI'tace ot each flat. 

ault•. The f'irat attempt was a tailure o.s no infection oo­

curred with either organism.. The inoculation technique (method 2) 

was apparently at tault. 

In the seoond trial uaing method l, infection was excellent at 

t "0" pl ting; however.!• aolan1 appeared to vary 1n its patho­

genicity as the inoaul~ted checks showed li t tle infection in th l 

and 2 week a-eries, yet waa severe in the 4 week plcnting.. 

In the third. tr11 1 f'luctu t1on in pat hogen1oity o-r R. solani - . 

was ag 1n evident whil £_. debarypnUlll remained 'UD.ifo?m.ly pathogenic. 

Only the ata obtainod with E.• debaryan.\111 in triala 2 and 3 are pre• 

aented ( able 7). 
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Tabl 7. Cotton. seedling test showing the etteot of' oh io ls m:xed 
with moist, ate ed soil and tested against E.• debarzanum a'tter a 
laps ot the in icated t 

SUl"'ri Ting a dlinga 
Tre. tm.ent t I.!. ean or 2 re1?11oationa (!) 

time ~erore aoil was 
inooul.ated (1n wee ) 

0 l 2 4 
Inoculated 

Zineb 1:20,000 5.o 8. 5 1 .. 5 ,0 
Thiram " 87.0 78. 5 60.5 45.5 
Oaptan " "16.5 83.0 81.5 72. 5 
Pentaehloronitro-

benzene iJl. 31.0 30.5 v.o 16.0 
o oru cal 3.0 a.o 3.0 5.5 

on-inoo'Ulated 
Cal - 88.5 87. 5 77.0 90.5 

al.J'ai ot nrtance ot t bl.& 7. 

• TimeS 

39 
3 
4 

16 
4 

12 
16 

Sum ot 
aquaNS 

56,095.9 
646. 5 

1.233.5 
5S,039. 5 
51,1-63.9 
1,875. 6 
1,822. 9 

an 
a.quare 

--
12.7go.98 

156. 3 
US.93 

5. 8 
67.9 
78.4 

21.1 
4.9 

85.9 

v lue 

l..89 

l ahem1cnl.s are reported on a commercial rather than an active 
1n.gl'ed1ent basia. 
Since data on pent~a oronitrob nz was vari bl, it , 1t-
t from the an lysis. plicat 1 averaged 32.2 per cent sur-
v1V1ng seedlings whil .replieat~ 2 ave ged l.6 per cent. 



Figure 8. Twelve day old seedlings grown in soil 
infested with P. debaryanum and treated wit the indicated 
chemicals immediately proir to planting. (nCk • pn repre­
sents check + fungus-.) Pentachlor-0nitrobenzene failed to 
control the disease in the second replication. 
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at 3. .o -steam. d s9il was. used in t B t et and only ·.:..· 

debaryan waa ed to infest the • 1.1. Inoculum wa ap lied accord­

i \o the first thod. Greenhou,;e te peratu· es ere about 70° F 

tor the O, l, nd 2 woek planting, but ere r ised so th t the ver~ 

age 1Jes about so0 Jr tor the 4 woek l tint. Otlleruiae this test 

eont'o d o teat 2. 

sul.ta. Table 8 list• pertinent ta on te t 3. Oaptan aJ.on 

ahow d p omise ot insuring eeedlilig prot.oction in the initial or O · . 
week planting a the l week plrulting. The 2 ek lon ting rave led 

c p an still in the lead; zineb second, and pentaohloronitrobenzen 

e.nd thir about equal f'or third place s ·ra.nked by total surviving 

aeedlings. Captan and pentechloronitrobenzene appeared quall.y eftec-

t1ve in inau:ring uodl.ing rgenoo !or the 4 week planting when 

t eratur a• r more ra o.rable tor germination and growth of eotton. 
I 

Interpret tion ot r ault obtained in this test i diffic t. 

No combined anelysi& wos :tlgured since true relc.tionah1pe would not 

hav b en point d out due to gr enhouse conditions not r ining con-

stant throughout the entire expel"iment. Poor emel' enee or cheeks 

couJ.d probably be t tributed to a departure from opt1.P'luti ·growing 

conditions tor the hos in the presence of a dlin,g disc e pathogens 

ly in the soil. 
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....... t;.....;..4• Thia test t using ateamed aoil, was set up contemporary 

1th the O, l, and 8 eek pl ting or test 3 when g:recnhoUJ e tempera .. 

tur a re appro:x1matel.y 70° • It was design.&4 to comp re he etteo­

~iTene&e ot ehemio la tested at Yaryiu re tes. . 1nety ml standard 

by"phal suspena1on o-r E.• debarz:an w us d to inoculate e ch tl t. 

Cheoka in this case coll81sted of che oel rte used for rea1dttal 

t.ests 2 o.n 3, 1e. 1:20,000. Due "to their phy'totoxicity in teat l, 

concentrations ot thire.m d oaptan were lowered. On t he other h nd, 

-the ooncentr tion ot pentaehloronitroben2ene and Qdueb we:e incre 84. 

Counts ere d when aeecUinga ure 19 days old. 

Re•ults. Table 9 l1ata at counts and ch ic l r tea used in 

test 4. Capton, even when used at rela't1 vely low .ratee, insured aeed­

ling protection under th oond1t1on.a or th.is exp81"1ment. ost no 

con rol s shown for the other ohamia l.S. On xeeption was zineb 

at l:3.,000 which had 10 s&rvivittg seedlings. 



Table 9. Cotton a.eedling ~eat comparing the ette~ 
tiveneaa ot -tour chemicals at 1'8l"y1ng :rates against P. -debarpmum applied to steamed soil a't the Ned level. 

Tnetment Rate~ Sun! rtng ae.Uinga (%) 
,after 19 48.nl 

'.lb1r• 1;20,000 0 
1:25.000 0 

" 1:30,000 0 
" l:40., 000 l 

Fentaab.loro-
nitrobenzene 1:20,000 0 
tt l:15.,00Q 0 

" l.tlO,OOQ 0 

" l: 7,000 l 

Oaptan 1:20,000 59 .. 1:30,000 5 .. l:40_.000 59 
1t 1:45,000 46 

Z:tneb l:20,000 0 
ft l:15,000 0 
It l: ,,ooo 0 
" l: 3,000 1-0 

Oheck • hngua 0 

~ All oh 10-al.a ere ;reported on a commercial rather 
than an active ingredient basi•· 
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Taft• ln Pots 

-A ,2n,1 tch from tlats to pota WllS considered beeauee ot limited 

greenb._ou:ae ,p ce. By making such a ohonge" more replioat oul.d be 

l!"t1l1; alaor soil •eplea could be measured more acouratel;y'. All 

ohemieal-eoil .lldxturee •er prepaired aocording to a • eight asia. 

Each 6 inch pci_t reoeived lf>?O ~ or aoil be:rore any tungidd wsa 

added. In every ease. -ehem1eals were tigured on an aot1Te 1ngnd1en'f; 

basus and were appl.1ed at the followiDg rates: Oaptan 1:eo.000. 

thiram 1:20.000; zineb 1:5,000; and pentachloronttrobeuzene 1:5,.ooo. 

Chemioola were added atter ttrat Xing them nth sand that pass · 

through a /140 sieve. Sfind- hng1eide- m1Xtures used as atook contained 

1 per cent active tllngio1de' ana all subsequent dilutions •ere lDElie 

t there. 

Aooording to preliminary experiments, eaeh product wa used at 

a rete whereby, 1) it was ~ot' ael'ioualy phytoto:nc; and 2) its 

tungitoxic eti"eetivene•• had been indicated at least in one or more 

test• tt>r \he test pathc>gen. A thorough mixture or soil and tung1-

o1de was obtained by ple:eing eaeh together and rolling them in a 

buoket 1"1 tted w1'\h e tight lid; several large bol ta were included to 

aid in the mixing proceae. 

Both ! • solani alld E.• 4ebtar;YM;lll1 nre us1td as tefft organisms. 

Clips were n rt8d from pl"Qgged prescription bottles in which oulturaa 

we1"8 grown, a 1-t had been observed tll.et both tung1 grew bettel'; alao 

! • aolani tailed to produee aolerotia in <tapped bottl.es an4 when used 

:tor inoolll proved not to be pathogenic in aome -oases. 

Ten aeeda were pl nted 1n each. pot attar tirat re ving th 

upper l 1noh or soil. Stand counta were made attar 12, 18, and 22 



days . Surviving seedlings were xam1ned and oount ni de of plante 

1'ne of aor shin. 

'!'est l . is was an attempt to aubste.nttet.e the . previous t.eat . 

on how l<»;ig the cb icals r tned etrecti ve 1n the aotl. . In order 

to min1m1ze vari tions in the chem1cl!ll-soil ratios, tho :soil was ,1r 

dried at room temperature.. This wss easily aceo · pl1ah,ed by Pouring 

soil µito a large oon~ainer and atirrtng 1 t severe.1 timee eaeh d y 

with .boa. U.UallJ',, the soil wa 41T within .4 to 7 days • . 

A ~tic lent que.nti tr. ot ~11 was tree ted nth ch chemic.el so . 

that 5 eanplete series ~re available~ One was designated to b 

inocul.ate4 w1 t.h !• soleni , . one with E.• dabamnmn j and the ot.her us 

e• an uninooulated cheek. All pot.a were t n pl.aced in the green-: 

house and t•red dail:,. 1.lhree and waelca the:ree.tter. identical 

aertea wer pr,epored and placed in the greenhouse. , n reedy to be 

inoculated, 5 ml ot the standard hy:phal auapension wer uae4 tor eeeh 

1nocula t pot. 

At the nd of & weeks e.U 3 lots with £.. debaryanum en planted 

and rel'!JOV t-o the r:etrige:rator tor 6 daya of incub tion. Due to 

echanical dittieultiea, tsip& tures in the box tor the t1rst 24 

houra were 54° to 59° F.. A fan supplied w1\h a heat1ag unit •as then 

uaed to rei~e the temperature to 63° :r atter which the !- solani ud 

check aeries re plent.ed.. Thel."e was a eimilor incident hioh o.oour.­

red in th, greenhouse 5 days after th P. deb 17111num series ws placed 

there; $Oil t perat\U'8s dropped to 59° 1 tor a period of about 6 

houn .. Othernse, tenpe.1"8tures in the gffenhouse ranged around 85° 

to 9(,0 :r. 

At the rates ueed. all e-hemiceJ.s showed ao promise ot 



oontrolling _. •ol 1 in 1n-0c11lated pot (Table 10). Pent chlo1N>­

n1 trobenz-ene gave tha bea~ control against both pre-e:m.ergenoe and 

poat- ei:'genee inju .. Zineb ot 1:5,.000 and t.hir at 1:20,000 also 

ahowed pm s, whereas captan at 1:60,000 gave as good emergenc 

but d1d not control post-e rgenee injury. 

In t.he P. d ba172num. serie11 1 no chemicals a o•ett nrke proxnise 

ot c011trollin the organ.18tl uruler condition.a prevailing ror this teat. 

ot especial interest is the diae se picture shown by the check 

(un.1noculatocl ) series. Treatment d1tterenoea were signitieant at the 

l per cent leTel (Table 11). It wea oted that zineb was Teey etfec­

ti'\'e 1n prevent1n seedling 1 J'llrY to . pl ts sub jeeted to any organ­

iSIDII Wh!Oh ght ff prevailed in \his 8011. Thi?"ruU 11Jcewise 

ottered a high d gree ot p2'0tect1on. but showed some tendency to lo•• 

tta reaidu l etteotiveneas. Oaptan and pentachloronitrobenzene, 

while rendering a great deal more protection than the untreated check, 

we.re still aubstanti lly lo er in value tan zineb and thi • 



37 

T bl 10. Cottons dling dig e te t to residual ftee-
tiveneaa ong rour tungicidu using .P ................ =; and .aolani ea 
tat organis 1 non-ste ,d soil. -

Tre ent 

Zin&b 
Thi 
Ceptan 

ntaohloro­
nitrobenzene 

Cheok 
Zineb 
Thir 
Captan 
· ntachloro­

n1 trob zene 
Gheok 
Zineb 
Thi 
0-aptan 
Pen"tao.hloro-

itrobenzene 
Check 

Zineb 
Thi ram 
Capt 

nte.ohloro­
nttrobenzene 

Cheek 
Z1neb 
Th1 
Oaptan 

tachloro­
n1 trobenzene 

Check 
Z1neb 
'l!hir 
Cap tan 
Pentechloro-

itrobenzene 
Ch k 

.Rate 

l! 5,.000 
1:20.000 
l:60,000 

1: 5,.000 

" 

) 

(es above) 
ff 

,, 
ff 

( s eboTe) 

.. 

'rime 
(u week::;} 

0 
1f 

rt 

" 
'3 
ft 

ff 

ti 

G 
ft 

tf 

It 

0 
ft 

" 

" 
ff 

(aa aboY•)" 3 

" 
" 
It 

ff 

( aa ebo.ve} 

" • 

" 
" 

" 

" 
" 
6 

" 
" 

" 

Total ot 3 replioationa (j) 
R. Sol 1 

r&ed Survi vecl 

(l.2 days) (18 daya) 
30 •. o 
40. 0 
26 .. ,. 

40 0 
16.6 
40.0 

23.3 
10. 0 
6. 6 

3,.3 
o.o 
6.6 
o .. o 
.6 

10.0 
2e.G 
20.0 
10.0 
16.6 

13.3 
o.o 

46.6 
6. 6 

E.• d&baqsn 

3.3 
o.o 

16.6 
10.0 
16.6 

16.6 
o.o 

lree ot le­
sions 

{22 d ya) 
16.6 
16. 6 
o. 

15.S 
o.o 

lO. O 
6 . 6 

13.3 

20.0 
o.o 

10.0 

3 • 
6 . 6 

3. 3 
0.0 
o.o 

o.o 
o.o 
o.o 
o.o 
3. Z 

o.o 
:::o.o 

6. 6 
o •. o 
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able 10 {continued). 

Total or S replio tions (%} 
Uninoculated 

reatment te 't erged Surviv•d Free o'f le-
{in weeka) 110DJI 

• (12 d y (18 da;r.•l {22 d~a! 
I 

Zineb l: 5 , 000 0 93. 3 96 . 6 96. 6 
'rhiram 1:20,000 1t 93. 3 90.0 76 . '6 
Clapton 1:60,000 It 46. 6 43.·3 2~~3 

.taohloro-
nitrobenzene l: 5, 00 " 56.'.6 60 ~0 56.6 

Check one " 53. 3 16. 6 16 •. 6 
Zinell {as above) a 100. 0 100. 0 96 . 6 
'l'hir • 1t ~ . 6 · 3 . 3 93.·3 
Capt n fl 93~3 ~ ;3 aa.·'3 
Pen tnchloro-

itrobenzene ff ff ao.o 65. ~ 5&~6 
Oheok " l'I' 60 .,:L 46.5 30.0 
Zin&b {as above) 6 100. 0 100. 0 100. 0 
'fhirsm " .. 83. 3 83. 3 66~6 
Cap tan " ft 93. 3 93. 3 90. 0 
Pent ohloro-

nit:robenzene IJ "' 83. 3 83. 3 '7&:6 
Check " ft 63. 3 60.0 oo.e 

Oombined data ·•holfing totals tor ~he !.• soloni, .!:• 
db rran , end uninoo tod series. 

SUrvi ving aeedlin~ V) 
Treatmen-; n. sol.ant !_. debe:rynnum tbinooulated -
i1neb 27. 7 14. 4 98. 8 
Thi ram 18. 8 . 5 91. l 
Cap tan 17. 7 a.a 76. 6 
Pen'tachloro• 

uttrobenzene 40. 0 7. 7 70 . 0 
Check 4 . 4 a.a 41.1 
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Aable 10 {contin ad). Co ined anelya1 or oth 1noou.J.ated and non-
1nocul ted soils. 

Rhi zoctonia 

Source or Degrees ot o'f an 
vs:ri tion • t'ree4.om. •su,sre;s square 'nllu• 
Total 4, 200,lSt:> 
reatment. 4 :5,37l 15.842 5~ 15* 

Tim& 2 2 ,036 l,,018 : 245 
Treatment x 'fime 8 10,205 1.2,c .50'1 

30 1241674 41152 

" 90, 
4 2,531 ·65! ~368 
2 2 , 2'J~ 1 ,148 ·.6aa 

r a tment x Time 8 S3,.&94 4,212 2.45'1* 
Error 30 
Ohaok funin9eulaud) 

5la56l 1 1 718 

Total 44 207 , 63 
Tnatmenta 4 88,609 22,152 8 . 800** 
Time 2 21,23.l 10, 615 4 . 21'1* 
Tr a nt ::r Ti e 8 22,215 2,"177 1.103 
En:or so '15a50a 2.517 
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Teat 2. The object or thia eXperim.ent was to aee what od1f'1ca­

t1ona 1n c tool protection would be enoountered it teat organiama 

were allowed. to become eatabl1ahed baton tungicidea were added. oh 

1500 gram lot or soil ror thia test was weighed while moist, then 

inoculated with i~a reapecti'ff pathogen by mixing 10 inteated sorghum 

aeeda throughout the ao11 aemple. l pota were than placed. in the 

greenhouse and watered daily' tor 20 days. Chemicals were then mixed 

with, the aoil a.a describ 1n te t 1,. each pot waa planted ed1atel.y, 

inftbated 6 4aya at es0 to &&° F ud again returned to t • greanhoua&,. 

Re8Ulta. Gaptan at 1160,000 ehowecl a very DWnecl tendcey toward 

allowing seedlings to become paraaitized after emergence. Th.tram at 

1:20,000 alao ahowed the same tendeaoy with£:• debeqanun but not with 

!• aoleni. !here was no 1ndication 'that pentaohloronitrobe:nzene at 

1:5.000 inhibited!.• debarzanum; howeTer, ita Talue gainst R. aolani 

was ale rly eVident. .~rgenoe and po•t-emergence 1:njUry oau11ed 

by either pathogen. was greatly reduced with si:neb. 



T ble u. Cotton aeedl di as t st to det r.mine ettectlveness 
ng tour t'ung1oidea atter !!• aolani had been lowed to became 

e tablishad in st ed soil. 

1l'reatm.ent t 

lhooul tecl 
Zintt l: ,ooo 
'l'hir 1:20.000 
C ptan , l:.60;.000 
Pentachloron1tro-

bonzene 1~ 5 ,000 
Ro -ohemioal -o -inoculated 

ohtlllical 

Cotton aeedlinp 
ot ot 3 replic tiona ( ) 

erged Smrvi n4 Free ot 1.-1ona 
{12 d ya) {18 daya} (22 day,} 

76. ;,, '16 . 6 o.o 
90.0 86. 6 '76. 6 
90.0 20.0 o.o 

73.3 '73. 3 70.0 
20.0 5.3 o.o 

80. 0 ao.o 53.5 /a 

I.!!. One llllinoculated pot oonteining 8 p1 ~nts was obn.oualy contamin­
at~d thus leaving no plants tree of inJur.r. 

Data tor ae dl1ngs aurv1 vi otter 18 sys ( ~). 

1-'ree. tment R.tplioatea ean 
1 2 3 

Inoculated 
Z1neb l.00 80 50 76.6 
Thir 100 90 70 &s. 6 
Oapt81l 0 20 40 ~.o 
Pent ohlol'OD.itro-

banzene 70 f'/0 80 73. S 
o Ohemi.eal 0 0 lO 3 .3 

Non-inoculated 
o chemical 70 100 70 oo.o 

alysia ot variance ot table U. 

Souree ot Degreu ot Sum ot t an p 
Tar1at1on freedo ag;uarea aguare Talue 
To 1 17 222.0 
Replic tion• 2 1.3 
Tre ten.ta 4 189 .. 3 47.3 l&.69** 
Error 11 3194 2.8 



~able 12. o on e dliug ise~ e test to mino of eotiven 
ong rour tungicidea fter the organ.1 P. debarzanum h db en 

allo to b oon1: t bl' lied in st r.:iod s oil. 

Te Rate 

a l: o,000 ~s .. o 
'lhiram 1:20,000 70.0 ?/0.0 
Oap..a 1:60,000 dO.O .;) . 
Pentachloronitro-

l: 5 ,000 o.o o.o -- O.;.O o.o 

8 .6 8 .& 

ta :tor .see l · surviving after 18 days (il 

Replicates 
Tre ent l 2 
Inoculated 

Zineb 100 60 
Tb.iram 90 40 
Capt 50 0 
Pe tachloronitro-

0 0 
0 0 

90 9'0 

alys1s of v riance ot table 12. 

Source o't 
var1at1on 
Total 

oplieationa 
Tre nts 
Erro:r 

D~reea of 
f'roedom 

17 
2 
4 

11 

Swn or 
9uarea 
243.5 
.17.5 

225.l 
5.1 

3 

80 
80 

0 

0 
0 

'70 

ean 
aguare 

55.8 
3.5 

60:.. 
26.& 

0~ 

o.o 
o.o 

8 .& 

eo •. o 
?0,..0 
3 ,.6 

o.o 
o.o 

83.3 

2 



DISCUSSION 

The foregoing inTeatigation tenda to confirm rteld tests in 

which certain tungioidea controlled cotton seedling diseas a. For 

the a e of' convenienoa and o · partao.n, all rates ot the ohe ical.a 

uaed 1n these studies will be diaeuased ccording to wbt:it their con­

centration would ~e when n.gurea on an acti..,.. 1ngredi.en't basis. {the 

tlrat 3 testa were not figured in tb.ie er in the 'text}. 

1.th the eueptiou ot one nplication of one teat in •teemed 

aoU, S*lt chloronit%'obenz.ene wu· iiot etteotin agalnat !.• 4ebag­

an up to a rate of 1 part per 5.ooo parta of ao11. It waa con.ala--
tentJ.y ttective againa.t ! • aolani at l:5 ,000 and at 1:25,000; how-

ever, tats on the teat wheN tlm lowu rate waa used na not included 

with the other results as ~ orgentam did not remain ccm.aiatentl.y 

"11'\ll.ent throughout W• pe'ticular teat. Zineb allowed p.rcmiae 

apina:t both!• aoleni aDd !:.• debarzanm 1Jt. boti.1 ete&.J1.od and non­

ateemecl aail ollly wh greenhouse t pernturea were :relatively high 

snd o.ond1tiona were leaa favorable tor a nvere test. Thirsm. like 

zineb. did not ·eontrol either r_. iiebary num or!• solani when con.di• 

tiona were tsvo:r ble tor a severe test. It exhibited marked toxicity 

to cotton aeedl.ing11 bove rte of lt20,000 as evidenced by d la7ed 

ge tion and stunting. Oaptan wae conaiatentlf etteetive in insur-

ing ergenoe throughout the entire aeries o-r teats even at a rate aa 

low aa 1:60,000 end undv conditions ta'l'ortng extr e di,aease severity. 

ergenae wea uaual.17 soeeleret.ed at lea11t 24 houra. :\ tbe lower 

r te, however, ceptan did not control poat-wnergenoe 1nJu7. 



Phytotoxicity, as evidenced by DUU"ginal. 1 t aeortch1ng. occurred 1t 

\ha rete or pun c.apt exceeded 1:40,000. 

Sinoe o ly one tJ e ot &oil wa us t se studies, ditf'ereut 

n•Ults ig)lt v · bef"n obtaine d other t., es e ua a. ohard-

aon (28} tound t t thi per _ iated tor 2 tOI1ths in aendy 011. but 

die red c :Soil • cording to 1 ta 

u.f'aeturer, oaptan broakdown un :er l or tory oondi tiona i ttme--­

tion or pB. De posi ion waa re t1vel.y ap14 abov& :pH 9.5. No 

e parabl intomi tion oil zine:b o~ pentaohloron1 trobcmzone-. ooUld be 

tound by t writer • 

. Th type of oil ed in th-ase . tucU , b i aoid and a dy, · 

would o ably favor t o'! t iram capt n for a eons1-

rt ule period of t1Jlle; t ,le st lo -enough. to insure eatietsotoey 

pr ce·Uc control . eny rete,, au c icals used {e:wept po sibl.7 

thi provided rot ction to sEted.lin for at least 4 weeka where 

a e-dlinga wer-e tested in tlatp and 6 week.a wh t · a -ere de in pots. 

Th r wert'f 01' e dhcrepanei . in the results obt ined when :tlat 

er use _, but mo t or ftll of t i,e an be ttr!bu ed to dltferencea 

int peratlU"es 1n th enh.ou e. th et sts ere oondueted over 

a c:onsiderable t period. dl:f'tereneea in 1 ngth ot' dny n light 

intenaity eJ "'Cl ppe rec. to retard th growth o-r ootton, t:ti, prob oly 

en.ting 1 t suaeep ill ty to seed rotting end d 1 g- ft fungi. 

!n the test where oil was di"1 d betore using, '. e m1c1"0:f'lora may have 

b en o ang d, poasi ly mo itying oh-nio deca:nposition; hoY~V r, 

there 1e 11 ttle eviden e trom theee studies t t the sl nee ct micro-

flor 

The 

s chn ""ed no to lt r th& disenae pictur. 

ture of CUl'Te plott d t represer.. ti seedling 



genoe s a tunotion ot lnocul ra~es ot !• dabal!J.anta euggee a 

that aotl type, and tbs nnt ot inocul. are interaot1ng factors 

att'eo'ting 41aease severity. A turth r investigation to d•t · ine 

wheth ~ o:r not this would occv in nou-ateamed soil under natural eon­

d1t1ona w01tld be interesting. 

Another interesting poi t would be to 0-0:aduct a •er1 es ot tests 

varying the inooule potential while keeping the amount ot aorgh 

• 0:0ul.d then obae.n wbat effect the 

h ve cm 41aesse a&Ter1ty. .Au tt pt to deteimine thi.a rel&t1onah1p 

during the win.tar waa ao auceeaaful as ia:tection was ~ry •evere at 

all dosage levels. Bad condi tiona been ore ta~o:rable to cotton aa 

in previous testa, differences would pl'Obably ha• bean .endent. 

en ae:eds were $1.bjeoted to t•peratu:rea from 90° io uo0 P, 

97 to 100 per cent ot the aeed gel'ndnated; bnwever, it thfty nre 

first in.cubnted at a temparature ot et' to 68° F ~or the first 4 days 1 

germination dropped to around 85 to ~5 pel' aent. It was t'tlrther ob­

served t t 11' aeeda were incubated tor CJ 4. ya, then placed in e. 

g:'$G.houae held at temper turea 2'ang1:ng from e 0 to '75° FI turthel' 

reduction 1 germination down to around 65 to 70 per cent was not 

uno n. Two poaeible re aona ea to why th1 ocautted are: l) th 

seed y ve be n 1ntern8lly infected w1ih so organi that wss 

detrtmenteJ.. to seed Tiabil1 ty at low temperatv but waa not as harm• 

f'ul at hight e:returea, or 2) pbyaiolog1cal proceea ocour1ng 1n the 

seed while 1n the prooeas ot germination mar lave been adTeraely' 

ettected at. .lower and not at higher temperatures. J'aooba (18) aug-

ata that eltalt aeeda ahoul.d be indexed according to thei:r probable 

response to condUiona untaTorable tor germinst1011.. According to hie 



vie• the likelihood of ea rotting is determined r1ly by tiu. 

condi t1on ot the :seed 1 taelt ( eg. e.tm:i ty ot s& : when l is 

h rveated nnd possibly bnormel tr ctur in the seed co 1;). 

f'ung.ieide showing toxioi ty to aeverai org 1 wo'Uld be most 

benet1oial as e n: ber ot dU'f'erent tung! infect C"otton seedlings. 

'l'he oheok enee in the tint test in ots or this study • d t<J 

1n 1cate that zineb g vet 

1sted. 111 soil as it oame t 

arked control o~ ei th ~ . -

est eontroLof the pathogens that ex­

the :ti ld. .Captan ahowed th mo t · 

deba,;Y!num 1 artifioially 

1nteated soil. Perhaps more investigation. 111 show that other path­

ogens n aa important es 1!_. soleni and .f.. debe.rzenun in this oomplex., 

Poss1bl.7 a mixture o·t tungio1dea ill be ne~ed to give tteot1ve 

eontrol .. 

It 1a prob ble thet re than one *t)eOiee ot Pythium 1a re• on­

aible 'tor reduoed stands ot cotton in Oklahana... Further tu<Ues are 

underway at t e p.reaen:t t in ettort t.o deta 1ne whether apee1u 

other then .!:• debal'Ye.n.llm are invo1Yed in the probl • 



Oo.nnidtU"'tion Given 'to a o info ing green ou e oil 

i th a eotton edl.ing p tho n tent tively i wtit'i as £lthi 

so. Soil was osti .f'ootorily infested by 01 'er ot 2 

y ; l) Stan .... diz hypllt:tl suapo siom, could be pplied t the se 

l el s c! re pl n ed~ or 2} infected soi· nm ed could be placed 

1 tho soil so as to llow·the :f'ungus to beo e stub.11 ed betor 

;planting4 iaease seve:r.i ty in a.to ed soil s :found to be ft cted 

by t per ture, oil ty~, .snd woo t or 1nocul • 

i 

E_. the aeod or 

tto.ckin.g y p rt ot the young eedliug b tore it rges the 

oil.. e ungua , ul o o us~ post reenc injury, oreahin being 

e tpioal s 

tea of 1140,000 and l:60;000 oap 

1ent b eis, eftectively reduo&d pre 

short of deqn te post-emergence protection. 

•hon figure o~ an. eti~ 

r ence injury. but tell 

Thiram remained fairly 

unitorm in protective- alue a inst each organism when used at a rate 

ot 1:20,000. Zilleb and penteohloron1tro'benzene were c.onaistentl.y 

ef'tective onl1 when used et rate o:t 1:5,000; with 011~ exception, the 

letter was etfect1 ,.. only against !• aolani. 

Stunting of' young seedling• wea eVident when the rate ot pure 

thiram excee ed 1 port; r 20,-000 of aoil. tea:r burning woa exp!"eaaecl 

trhen 1>lents were grown in aoil cm1taining more then l:40,000 parts ot 

pure oe.ptan. Z1neb and pentaohloronitrobenzene exhibited no pbyto­

iu>xieity up to a rate o~ 1:5.ooo. 

,., 
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