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SUMMARY 

Thc) production of sorghum, one of the important war-emergency 
crops, is seriously handicapped by poor stands. Up to the prescnt 
time, these have been attributed almost solely to llnfu.vo)'able ellviron
mental conditions. Studies in the greenhouse and labomtOl"y, how
ever, show that seed-borne and soil-inhabiting fungi, combined with 
certain environmental conditions, are In.rgel:v responsible for poor 
germination and emcrgence of sorghum plullt('d in the field. 

Species of Alternaria, Ji1.ls(t7·i1/,1n, Penicillium, AS7)('r{Iill11,S, and' 
Rhizop1/,s were found on seed in gl·CU.t ftbllntiallCe, and other fungi less 
frequently, Virulent strains of P'usa7"i1l1n mun1'l(f01'me and Penicilli1l1n 
oxalic1/,1n wel"(~ isolated from diseus('d st-edlings grown in stcam
sterilized soil, showing that these fungi ,lire seN!-borne. Species of 
Fusarium, Penicilli'un~, HhizoPllS, and ASIJeryillys, ",hell used us 
inoculum, at times reduced ef1\('l"gence und caused subsequent seedling 
blight, ('specially at 15° and 20° C. Although seeds frequently \\-ere • 
blackened with spores of Alternaria, C'ultures of this fungus showed 
little evidence d' pu.thogenicily on sorghum. 

Soil-inhabiting fll11gi, on LlJO whole, recluC'ed emergence 11101'e than 
did seed-borne fungi. ,,'hen sterilized seed was plan (('cl in sample·s of 
unsterilized soil from HIC Arlington Farm nIH! from six stations in the 
Great Plu.ins, emergence \Vus very poor, esp('cinlly at low temp('ratures. 

Isola.tions mnde from ungermillnted seeds, aborted sprouls, nnd dis
eused see(Uings, taken from unstt'rilized soil, yil'ldcd SI)(~cil's of Pythiwn 
most frequcntly, with spccips of }~lsa7'inm. !it'xt in order of O('('tlIT(,IH'C. 

N cady all isolntes of PyihiwH proved l'xtrelllt'ly yil"Ulent nnd inhibitrd 
or drastically rcduced emergence t'Lt the 10wcl" temperatures. ']'11 is 
was true also of plll'e cultuI"es of eight. spceit's of Pythi.um, ohtained 
from other sourccs. Pylhi1lln frequently attnckcd thc young plulI1ulf', 
thus inhibiting emergence, or destmyed the mesocot.yl, seminn,l root, 
or subcrown rootlets before the crown roots dcyclopecl. Specics of 
Ji'usari1Lm. isolated ft'om thr soil showed much less pn,thogenicity than 
did species of Pyihi1LII1, nnd also responded morc rcltdily to s('ed t.reat
ment. '1'he pathogenicity of the isolttles of species of Penicillillln, ." 
Rhizorms, and Aspergillus varied with the quantity of inoculum used, . 
the condition of the seed, and the elwironmental conditions after 
planting. 

Although slight nicks or euis in OJ(' seed coats cn.nsed some reduction 
in emergence from uninoC'.ult'Lt('(1 stcrilized seeds planted in sterilized 
soil, much larger reduetinns occmred whell sueh s(,pds wert' (irst inocu· 
lated with certnin fUllgi. This shows thnt seed-eoat injmies, vcry 
common jn threshed sOl"ghutn, give fungi l"l·n.dy nccess to the endo
sperm. Even saprophytic fungi wpre thus able to reduce emcrgence, 
pt'csuf1mbly either by dep!cting the food supply needed by the young 
seedling or by producing toxins that tended Lo inhibit its dc\vclopmcnt. 
The latter possibility was demonstrated by the failure of sorghum 
seedlings to develop normnJly when gwwn on potato-dextrose aga!' 
that hnd been sterilized artel' cult;ures of species of RhizoPU8, Penicil
lium, 01' Aspergillus bnd been grown on it. 

n 
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By R. W. Lmnmr., llaihologi.~i, alld .TOflN H. :\L\ll'I'IN, senior agronomisi, Division 
oJ Cereal Crops alld IJiseuses, Bllreau of Plant Industrll, Soils, and A(lricllitural 
Bn(lineerin(l, Agricultural Research Acllll'in'isira/-£on 2 

The experiments IIntl resllils reporled ill Ihis technical hllilelin lire eonsidered 
impOrlanl at Ihis tillle. Since it is prinl{'d IInder war condilions, when paper, 
lahor, mul lIIachinery are Scaree, and tillle itself is at a pre1llilllll, certain liller. 
ties have heen taken wilh the forlJl IIsually followed hy the Departlllent of 
A~ricllllllrc in scienlilie pllhlic:ations. Th(' slIllllllury is placed at the hegin. 
ning inslead of at the .!nd, ami Ihe diSClIgsinn of n'RIIII" is ernnhined with the 
introdllclion. This cOlllpact frolll lIIaller, which will ~ive lilly reader a qllick 
grasp of the w"rk a ...l il$ pr"elieal illlpli<'ations, is prinled in I.he uSllal ]n. 
point type. The lIIore dcl:liled de,criplions of e'(perilllcnts follow and are 
prinlcd in B'poillt I.Jpc. In addilion 10 Ihis IJIcl'hanical saving of space, the 
d"seriplive lIIatt'rial has h{'cn (,rescllled as hriellv as se'!fns consiSlcnt wilh 
relaining ils sciclltific vallie. The ililistrations have heen OllliLLcd. The 
tolerance of readcr& for this warlillle arrangelllent is solicited. 

Go"" LI A)IIII1lG ", 
Agricultural U('sellrcil Administration. 
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INT.RODUCTION Al\"D DlSCCSSION OF RESULTS 

Sorghum (lS'orglwm ?'ulgar" Pel's.) is nil important w:ll'-e!l1ergency 
crop. H is the basic forl1gr and grnin fred crop in much of the Great 
Plains ],l'gion. Cl'I'laill vnrirtil's of sorghum nre bl'illg pro('esBed 
extensively for sirup nnd nleohol nnd havl' possibilities us n, source of 
ClUlt' sugar. Ah"j, tlw seed of s('vl'rnl dOI1H'sLic: sorghum varieties 
contains a waxy stnrch thflt is Iwing \l~('d in roods \1,nt\. IldhesivcB to 
l'eplnc:' t,l.piocfL sLnrch, Illacle UlIl'Lv:lilnble by the wnl'. 

I tlul)]t,/ne,J (or puhlicnllon lIfa)'1fi12. 
''1'he wr!t('rs v:rllte(uIt~ ncknowlt'<lvp th~ o.!:s!stnncc ~!\'en by Aline 1", Kempton, (ormerl,. junior patholo

glSl, Dlvisioll of Cereal Crops IlUlI ))bClL~CS. Iu the isoilltion oml ilfcnliliclltioll of soil·borne fungi. 

1 
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In growing sorghum, failure to obtain good stands is one of the 
most serious problems. The replanting of whole fields or pal·ts of 
fields one to three times is not UIiusunl. In normal times this waste 
of seed and labor lessens the profits of the farmer. In wartime, it 
also curtails an important crop. Information regn.rding the causes of 
poor stands of sorghum and methods of improving stands is much 
needed. " 

The burying of seeds by soil washed into the lister furrows and the 
crusting of soil have been generally regarded as almost the sole causes 
of stand failures. However, in the greenhouse experiments described 
herein, seed-borne and soil-inhabiting fungi a·rc shown to be capable 
of inflicting severe inj llry on germinuting seeds and young seedlings 
of sorghum. That poor stands of sorghum under field conditions 
may also be due to such fungi seems evident from the following consid
erations. 

Sorghum seed shown to have high Yiability (90 percent or more) 
in laboratory tesis 011 blotters or in sterilized soil frC'q uC'ntly showed 
a relatively low germinutiol1 (50 to 70 perceut) und 11 high percentage 
of blighted seedlings in unsterilized field soils or when grown under 
other unfl1vorable conditions (12, 16).3 This is not true of equally 
vil1ble seeds of certfi.in other cerefils of which good stands fire usually 
obt.uined and which are known to be less susceptible to uttack by 
rot-producing fungi I1t low temperutures than are the soft seeds of 
sorghum. 

Sorghllm stands usually were gt"C'atly improved when these hurmful 
organisms were partly or totally elimin:lted by seed treatment 0[' 

soil sterilization or both. On the other hand, severe reductions in 
stand, especially at lower temperatmes, either because of POOt' gCl"mi
nl1tion or seedling blight in sorghum, usunlly followed inoculation of 
seed or soil with cultUl"es of certain fungi isolilted from sorghum seed 
or from soil. 

Seed decay find seedling blight were greu..tly nggmvated when til(' 
fungi hfid ready access to the starchy endosperm thmugb breaks in 
the pericarp, although in soft-seeded tyP('S, such fiS fl'tpri ta alld he
gl1ri, invfision dirC'ctly through the seed CO[l.ts is not uncommon. This 
injury was not confined, fiS might be eXIK'cted, to fungi found only ill 
soil in which sorghum bnd been more or less cOlltinuously grown, but, 
on the contrary, in some experiments it WfiS equnlly severe ill soil not 
previously cropped to sorghum. It WfiS found thnt seed decay and 
seedling blight call be caused by filly one 01' u numbet· of familiar 
saprophytes, or facultfitiYl' parasites. Among thes(', probubly tb(' 
most common are species 01' PlIthium, generally soil-bome only, nnc! 
Rhiz01J'118, Aspergillus, Penicillium, find F'llSal'i7l1n, found either on t.he 
seed or in the soil. On the whole, it seems hom the datil. obtained 
that the soil-borne fungi, ('specifilly Pythi'um, piny a mono important 
part in seed decay and s('cdling blight in sorghum thun do those that 
are commonly secd-borne. However, tll(' relative importance of these 
two types of fungi may yary somewhat with t.lw difr('l"ent types of 
seed and the rplaLive S\lsc(~ptibiliLy or resistance of differeut varieties 
of sorghum to this kind of illj ury. 

Rotting of seeds find blig!lting of seedlings occur particularly when 
plnnting is done cudy, or in cold weL soil, or in a poorly prepared 

• Italic numbers In parentheses refer to ULernturc Citet!, fl. 20. 

http:certfi.in
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seedbed. Using seed that is inferior because of immaturity, threshing 
injury, or improper curing and storing aggravates the {.rouble. It 
seems, therefore, thnt good stunds in sorghum often depend largely 
on protecting the planted seed against attack by harmful orgunisms. 
It has been shown thut this can be accomplished by using only sound, 
carefully selected, and highly viuble seed of suitable varieties, treuting 
it with an efficient fungicide, and planting it in a warm, mellow, 
well-prepared seedbed. 'rhe yalue of these preYcntive measlll'cs has 
long bcen recognized and frequently emphasized. Sorghums are of 
tropical origin and germinate and grow bel'lt at tempcmtures consid
erably higher than those frequently prevailing nt planting time in the 
Tempemte Zone; therefore, proper cultuml practices should be 
employed to ofrset this disadvantage. 

Thus it seems thn,t, although unfavorable cultural and sensonal 
conditions are importan t con tribu ting raeLors in causing poor stnnds 
in sorghum, fungi are the real C'ftllse of the trouble. The studies 
reported in this bulletin involved isolating and identifying seed-borne 
and soil-inhabiting fungi Iwd determining their effect upon germina
tion, emergence, blighting, nnd subsequent growth in sorghum and 
the erred of ellvironment and seed troutment upon the injury caused 
by such orguuisms. The cxperimen ts wore carried out in the lubora
tory und greenhouse at the ,Adington Experimen t Fn.rm, Arlington, Va., 
over a period of mOl'e than 10 years. NJ nch of the soil and seed used 
in the studies was sent in frollt the sorghum-growing areas of the 
Soutinv(>st. 

Inforlllution presented hel'e regarding the causes of and the condi
tions fuvol'ing seed rots and sC'l'dling blights in t.he sorghum crop' 
should aid in red ncing the losses i'I'OIll these discuses. 

REVIEW OF THE LITERATURE 

Despite e:densil'e investigations of seed rot, root, rot. clamping-off, seedling wilt, 
alld other seedling troubles of other cereals, very little attention has been given to 
such diseases in sorghum. In HiIG Pamlllel et al. (10) described a disease of corn 
and sorf.{hum caused hy a seed-borne species of Ji'u8o)'iu.m but did not state that 
it callsed seedling blight. Valleau (14) demonstrated that P. 1/1,onilijormc Sheld. 
is internally bomc in sced corn anrl also showed that this fungus could cause 
damping-off in sorghulIl scedlings under ver,v humid conditions. 

l ppal et al. (18), in l03G, reported that in India Rhizoclonia. balaticola (Tallb.) 
Bill!., undcr favorable condition>;, rna.I' cause in sorghum a destructive seedling 
blight in addition to so-called "hollow stem" 4 in the mature plants. Harris and 
Goss (2), in lO:H, dC'iieriiJecl a seedling di:;ease of sorghum and Sudan grass, which 
they attributed to the formation of prussic acid in the seedling, especially under 
unfavorable conditions of growth. The primary roots, and especially the meso
cotyls, reddened and then tllrned dark. The mesocoLyls shriveled to such an 
extent tim!; some plants were killed hy the interruption of the flow of soil solut.es 
from the primary roots, This condition was aggral'ated by the action of certain 
fUIll!i in the soil, especially species of /I'u.wrinm. 

Elliott ct It!. (1), in fitudying the root rot callsed by Pythimn al'l'hcnonlanes 
Drechs.. st.ated thai, .in cert.ain experiments this funglls prevented germination 
or killed the sorghum seedlings either us they emerf.{eci 01' after they had produced 
two or three leal'es, The precmcrgence unci posl.emergence virulence of the 
fllnglls was also reported h.I' :Kendrick and Briggs (7). 

'l'he occurrence of seed rot alld seedling blight in sorf.{l1l1m plantings has been 
mentioned occasionally in jJublications dealing with sorghum cllltllre or seed 
treatment, but the relation of causative organisms Lo these trollbles generally has 
not been discussed . 

• In tho United Stllt~,s 11 similar 1Il1lindy In sorghum is cnlled "chllrconl rot," and tbo causnl orgnu.ism Is 
~hought to bo ScJtroiiU1Il batatico/a 'I'uub. 

http:solut.es
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MATERIAL AND METHODS 
A total of 23 lots of sor/!:hum seed were examined especially to determine what 

organisms are commonly seed-borne. Nine of these were obtained from Lawtoll, 
Okla., 5 from Chillicothe, Tex., and 9 were grown on the Arlington Farm. Among 
these were 7 lots of sorgo, 4 of kafir, 5 of feteritn. 2 ench of milo and hegari, and 1 
each of Darso, Club, nnd Chi!l;ex. Three m(:thods were employed, which for 
convenience may be called (1) the centrifuge method, (2) the agar-plate method, and 
(3) the isolatioll method. 

In the first method, 10 seeds from each samplc were shaken in tubes of sterile 
distilled water to remove the surface-borne spores. The wfiter WfiS then centri
fnged, the supernatant liquid poured olr, and the residue examined microscopically 
for spores. 

In the agar-plate method, flepamte portions from each lot of seed were sterilized 
with different degrees of severity nnd plated on plain l\'Hler agnr slightly acidified 
to suppress bacterial growth. The fungi thus ohtained, after hain/!: tmnsferred 
to llutrient media and identified, gave some indication of what organisms most 
frequently contaminate the seeds. amI also, to sonw extent, their rela(,jl'e suscep
tibility to sterilization. 

The isolation method cOllsisteci of plantil!g uns(erilir,eri seed in difl'erent lot" of 
sterilized soil kept at difl"erent temperatures. THolatiu\H; were then made from 
apparently diseased seedlings, aborted sproul,s, and sceds that failed to germinate. 
'rhe fungi obt.ained in this way were transfel'l'ed to nutrient agar and identified 
after sp0rlliation. Purified cultures were lat.er used in pathogcnieity studicH. 

The pathogenicity of a fungus thus isolated was delcrmined in a prelilllinary 
way hy growing seedlings on agar slunts under stcrile conditions and then placing 
transfefs of the fungus at the baset; of the seedlings. Fungi Rhowing no indica • 
tions of pathogenicit,l' in this test were discardcd. Others were tested further by 
plantinll; surface-sterilized seed in soil thaI; had Iwen fit crili2cd :Uld then artificially 
infested, or b.1' planting artificially infested :;e('<1 in stcrilil.cd soil. Sterili2ed seed 
planted in sterilized soil was uRed for comparison. Hlandard felerita and Spur 
fete rita were u"ed in most of the~e pathogenicity test:; because these varieties 
frequently produce poor slands when plunled under unfavorable temperature and 
moisture conditions. Seed of other t'~'pes of sorghum, such ns kafir, milo, and 
sorgo, were used in f<ome of the experiment.s. Thc rclative percclltages of emer
gellcc. the relative vigor of growth, and the severit.y of wilt, damping-ofr, or other 
disease manifestations were ollsen'eel nnd recorded. JHolations lI'em then made 
from seeds thnt failed to,l!;erminate and frolll parts of di~(,Il~cd :':eedling':;, to see if 
the fungus u~ed as inoculum could be recovered. Necctitiuril,l" there were del'in
tions from the above general procedure, amI these will be described in eOllnection 
with the individual experiments. 

Materials used for disinfecting i'ceds, in ordel' to eliminatc seed-borne organisms, 
included the following: (1) Germisan, a merclII'ic cresol cyanide compound; (2) 
Semesa]), l1 hydl'Oxymcl'curichlorophenol; (3) Hyclorite, containing <1 percent of 
sodium hypochlorite; (4) formaldehydc as a 1:2·10 or ] :320 water solution of the 
commercial 37-percenj; product; (5) mercuric chloride as a 1: 1,000 solution; and 
(6) hot water (52 0 to 56 0 C.) for] 2 minutc~. 

The soil used in pathogenicity studies was first brougiIt to a satisfactol'Y moiHture 
content, fltealll-stcrili2ed, uSlIall.I' at 15 pounds' pressurc for 2 homs on 2 succc~sive • 
days, and then stored for several weekfl in larp;c llH'tal cans with tightly fitting 
covel'". Scpamte portions of this soil inoculntcd with the dill'erenL fungi being 
studied were sLored fOI' some time in stcrili2ed llIetal containers Itt tempemtures 
thought to be favomble for the growth of the respective fungi. Surface-sterilized 
sccd was then planted in the difl'erent lots of inoculated 01' sterile soil. 

In the delermination" of the Hoil-inhabiting fungi presumably associnted with 
seed rot allCl seedling disease'S of sorghulll, soil W/1..'3 obtained at several experiment 
stations from fields in which Borg-hum had been regularly gI'own. Smface-steril
ized seed was planted in these flails and isolations were made from ullgel'miu:J.ted 
seeds and diseased seedlings as described. 

EXPERIMENTAL RESULTS 

SEED-BOHNE OHGANISllS 

Because of the geneml elTectivenefls of recently developed seed treatments, 
diseases caused by seed-bornc pathogellfl usually respolICl to controlmeasnres more 
readily than do those callsed by organisms cc:c\I['ring in the soil. This simple and 

• 
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economical method of control therefore is usually the first one tried in combating 
seedling diseases. Consequently in these studies attention was first given to the 
fungi that were thought to be seed-borne. 

The results obtained from centrifuging seeds varied according to the source and 
the type of seed. Seeds ·grown at Arlington, Va., yielded more fungus spores per 
kernel when centrifuged than did those from Chillicothe, Tex., or Lrcwton, Okla. 
The more humid conditions at Arlington after heading time may explain the more 
abuudant fungus development there. Seeds from varieties with compact heads, 
like feterita and certain kafirs, carried more fungus spores than did those from 
certain sorgos or other varieties with more open heads. Hard, smooth seeds and 
those threshed free from glumes were lesR contaminated, as a rule, than large, soft, 
rough seeds ami those with the glumcs retained. 

On most seed lots, spores of ,Alternaria spp. were found most commonly and 
spores of Ji'usarium spp. ranked second in OCC\ll"rence. Also frequently found were 
spores of specier, of PenicilliUlII, Aspergillus, RhizoPlIS, and Trichoderma. Spores 
of species of Sphacelothecct and IJelminthosporimn and unidentified sclerotial bodies 
were found occasionally. The mere presence of certain spores on the seed, how
ever, does not necessarily inciicate that the fungi are pathogenic to sOl"gilum. Thus 
seeds exp0i<ed to the weather until blackcned by sporcs of Alternaria Hpp. germi
nated satisfactorily and the seedlin!!;s showed little evidence of disease or injury. 
A shortcoming of the centrifuge method for the identification of seed-borne fungi 
is its failurc to reveal those present' oill~' in the form of myccliulll. 

Plating seeds on wltlcr tlgar yieldNl rc'Rulls sOlllcwhai simiittr to those obtained 
by the centrifuge method. Unstcrili;~ed "reds usually produccd a preponderance 
of Alternaria spp., which frequently obi<cnred the gTowth of other fungi. Species 
of fi'1Isar-iU1I/. ltnd Rhizopus also were ver.\' prominent. Specics of Penidllimll- and 
Aspergillu.s sllI"vived light seed treatment in f'odiulll hypochlorite, and species of 
FlIsari,ltlll, frcquen tly were thc only HlllTivors aftor a slightly more Revere treatment 
of the secds. indicating that they werc lIlore deep-scalcd than the otiters. A Ilum
bel' of thc fungi failed to sporulate n,fter being tmllsferred to nutrient agar, and 
thcrefore werc not identified. Inman.\' tcsls with surface-sterilizcd seeds no fungus 
growth appeared until after the S('prJ had gerlllinated. Some seeds that failed to 
genniuate after the disinfection lrclttmcnt showed no fungus growth llntil after 
they had been cut open IIncler ascplic conditiolls. Theil the~' frequently yielded fL 

F11sariwn or PcnicmiulII, indicating that thC's!' wcrc bornc within the seed. 
In conncction with studies 011 seed trn.IIHmi~;;ioll of diseases in corn, Yalleau (15) 

observed that

organisms between the pericarp lay\:rs are often scaled and not capable of growing 
until the pericarp walls are brokcn down b.\" other processes than those occurring 
during germination IInder ltScptie cOlldi.lions. It s('ellls eddcnt that the usual 
culture-plate mcthod cannot be relied upon for the accumte detcrmination of 
organisms carried by seed. 

• 
Isolations made from thc ,,('('(Is that failed to germinatC' and from ciiseaseci seed

lings from nondisinfeded scC'd grown in sterilized soil most frC'Cjuently yielded 
species of F11S(1Tiu1Il, Pem:cilliulII, RhizoP1l8, and A.~]Jer(Jifllls, the lal;t two being 
most onen associated, particularly with ungerminated seeds and with sprouts that 
had failed to emerge. 

PUS"HIIJ~I SI'P, 

Since sprcies of Fusarium w('rc generally most prominent in isolat'ions from dis
ea.~ed seedlings grown in sterilized soil, t!H'Y were regarded as probably among the 
more important seed-borrH' pathogens rcsponsible ,also for poor emergence. In 0110 
test, for example, elllcrgence in Kansas Orange sorgo frol11 unsterilized seed 
planted in sterilized soil was only 49 percent, whereas that frol11 seed soaked in 
1: 240 formaldehyde for 30 minutes was 80 percent;. A high perc(:nta!!;e of the 
seedlings from Ilntrcated ::;ced. but nOnc of those frolll formaldchyde-treated seed, 
suc<Hlmbeel to damping-ofr. Tsolations from aborted HproUt:S and from the mesoco
iyls anel lower stcms of slightl.v affecled sC'edlings consi::;l<mtly yielded a species of 
piuk Ji'1Isari1l7n. A number of thC'lle isoletioJls were purified and used tc) inoculate 
sterile seedlings grown ascpLically On agar slants. Within It week 1111 the seedlings 
were dead, wherea.~ the conlrols remain('d green and healthy. Likewisc. when 
formaldehydc-treated seeds werc inoculated with a heavy spore suspellsion and 
planted in sterilized soil, elllergence waR rrciuced to 42 percent, as cUi'ipareci with 
83 percent frolll similar uni\loeulat,ed secds. Ilnd Inter 25 perccnt of the seedlings 
from inoculu.led seecl were damped off. The fUllgu~ \VtlS reisolated from diseased 
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seedlings and was identi~ed as Gibberella f1tjilcuroi (Saw.) Wr. (F. moniliforme 
Sheld.).5 

·To test further the pathogenicity of this isolate of Fusarium moniliforme, 
formald.ehyde-disinfected seed of fonr other types of sorghum was planted in flata 
of sterilized soil that had been inoculated with spores and mycelium from an agar 
culture. The seed in another series of Hats waf; inoculated with a spore suspension, 
dried, and planted in sterilized, ltninoculated soil. In half of the Hats in each 
series the seed was treated with an organic mercury dust before plunting. A tem
perature of about 27° C. was maintained in the greenhouse during and after emer
gence. The data on emergence and subsequent damping-off are shown in table 1. 

TABLE I.-Emergence and clumping-oJ! in 4 varieties of sorghum. as aj)'ected by inocll
lation of the sailor seed with fi'lisarilt1n moniUforme (Gibberella fujikllroi) and by 
treatment of the seed wUh an organic mercury dust 

Emergence in- Dnrnpin1!--olT in-

Inocullltod ~() II Uninoculnt.ed soli Inocnlnl",1 seil of I Un inocula led soil of 
from uninoculated rrolll inoculated plants from inoc- nlnnts fro·n inoc-Variety sccd- sccd- ulnled secd- laled secd-

Untrell-'" 
eel cd cd NI

unlrcat-I Trealed 'rreated IL'ntreut-I 'l'realed untreut-I 'I'rcatcd 

Percellt 
P"'~ I PercUlt Percent Percent Percent Percent PercentDarso _______________ 

68 41 73 44.1 37.2 20.3 O.SHeed kaffL __________ 46 82 31 80 4.).7 :11.7 35.5 15.0 
Dwarf Yellow milo __ 20 02 J.t D:J 50.0 33.0 35.7 5.0Frcod _______________ 41 S7 20 80 40.3 36.S 25.0 5.0

-------1----Weighted nvcrage ________ ___4_4/___79_1___27____7._1 ~~I~I~ 
lnercasc _______ ===1--8-0 1==[-1-74C-3Q.GI==1 106.2\=== 

Seed inoculation reduced the percentage of emergence more than did soil inocula
tion, but seed treatment combated the seed-borne inoculum more effectively than 
it did the inocululll in the soil. Damping-off was more severe in the plants grown 
in infested soil, and seed treatmcnt was lcss effective in combating it than when 
only the seed had been inoculated. 

'1'he effect of soil temperature on this isolate of fi'lIsariu7/l. moniilJormc was studied 
in constant-temperature tanks (9) maintained at 12°, 16°, 20°, 24°, 28°, and 32° C. 
Seed of I(ansas Orange sorgo, soaked in a 'i-percent solution of sodium hypochlor
ite for 2 homs and then washed and dried, was immersed in a heavy suspension of 
spores and bits of mycelium. Then 100 seeds wcrc planted in euch of 6 lois of 
sterilized soil adjusted to GO percent of its water-holding capacity, und 1 lot was 
placed at euch of the ahove mentioned tcmperntureR. Uninoculutecl seed was 
planted in a parallcl series for comparison. The results arc shown in table 2. 

TABLE 2.-EJ!ecl of soil temperatllre on cmCI',Qcnce and subseqllent damping-oJ! of 
secdlings of Kansas Omllgf sorgo fro·m sllrf(lcc-sicl'ilized seed inoclIlaied with 
conidia of Fu.sari1l1n 1I!0nillj01'1ne 

[100 sl'eds plalltl)(t in each lotc-1__~___-,-___ 

Emcr~ence rrom I 
reriod ~ccll- I HcriIlC narnpill~·ofT in 

Soil temperature (OC.) plants rromhefore t----;------ tion dllo 
Cl1wr I 1.0 illQe inoctllntcd seed genec Unlnoc- 11lOCII- I1I111tioll 

IIlatcd Inted 
--------------1---- ----------- -------

Dag, Percellt Perccnt Percent jVumbtr Percent12__________________________ • __ ._•• _______ • 
30 50 14 76_3 o o 
16 62 28 M.B 1 3_6

10_____________________ • _____ • ___• ___ • ____, 
20 _______•___• ___ • __ • __________ • ______ •___ . 

8 74 5:1 28.4 5 0.424 ____________________• _•• _. __• ____ • __•• _._ 4 70 51 27.1 12 23.528.___• _____________• ____________________ ._ 
3 70 61 10.7 IG 26.2 
2 80 05 18.8 20 30.8

32__________________ • _________ • _________ •• , 

I Since, so far liS is known, only til(' conidial form of this fungus was dcnlt with In these studies, it will be 
referred to as Fusariu711 ulOllili/lJrmc throughout thl! bulletin. 
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In general, the lower the temperature the greater was the reduction in emer
gence from inoculated seed as compared Wl.n emergence from uninoculated seed, 
and the higher the temperature the greater was the subsequent damping-off. 

On potato-dextrose ,agar the most rapid and abundan'G mycelial growth was 
made by this fungus at 24° C., although a fairly vigorous growth was made at 
all temperatures from 20° to 32°. Growth at 6°, 9°, and 12° was very slow and 
at 36° it was almost negligible. These temperature requirements in pure culture 
-explain the virulence of the fungus as a damping-off organism at the higher tem
peratures but not its depressing effect on emergence at the lower temperat,ures. 

The unfortunate loss of all cultures of this virulent strain of Fusarium monili
Jorme, through the failure of a temperature-cont'rol mechanism ,to function -prop
erly, prevented further studies on its pathogenicity. 

Another pathogenic isolate of Fusarium monil'lforme was obtained from seed of 
Dwarf Blackhull (Sharon) kafir grown at the Arlington Experiment Farm. This 
lot of seed when plalltedill sterilized soil gave an emergence of only 25 percent. 
When plated on agar, 40 percent of the ungerminated seeds yielded F'. moniliforme 
and 20 percent yielded other species of Fusa'riulIl. 

A purified culture of this isolate of Yllsm'ium monilifonne WItS med to inoculate 
100 carefully scleeted, formaldehyde-treated seeds of Dwarf Blackhull kafir, 
which were then planted in stcrilized soil. The emergence was only 47 percent, 
whereas similar uninoculated seeds gave an emergence of 82 percent. Later, 
28 of the seedlings from the inoculated seed were killed by damping-olf,but none 
from the ullinoculated seed. 

Numerous other isolates from sorghum seed grown in the field at the Arlington 
Farm proved to be /l'us(Jrimlt moniltforme. A llumber of these greatly impaired 
,emergence and laler caused damping-off when used as inoculum on seed plan led 
in sterilized soil. However, four of the isolates failed to manifest. any pathogenie
'ity. This variability in the pathogenicity of P. moniliforme has been discussed 
and demonstrated by Leonian (8). 

A considerable number of isolations werc made of :lpecies of Fusarium other 
than F. mOn1·lijorme. Some of these were purified ami used to inoculate seed 
planted in sterilized soil, but none proved to be highly pathogenic, as evidenced 
by their failure (,0 reduce emergence seriously or to cause seedling blight. 

One isolation of a Fusarium from seed of feterita had the appearance of P. 
,culmorm/l (W. G. Sm.) Saec, when compared with a culture of this species isolated 
from wheat, and it was identified as F. culmorum by Helen .Johann. These two 
'Cultures had the same color and other cultural characteristics on potato-dextrose 
agar, but, in pathogenicity tes1;s, the one isolated from wheat was very virulent 
on sorghum, whereas the other, isolated from sorghum seed, was only moderately 
pathogenic. Further experiments comparing these Fusarium cultures with 
other organisms arc described later. 

PEN.lClLLIUAI SPP. 

• 
The most virulent isolate of Penicillium. spp. obtained in these studies came 

from seedlings of Dwarf 'Vhite milo grown [rom untreated seed in sterilized soil. 
'These seedlings were observed to wilt severely when in the seeond- to fourth-Ieuf 
stage 'and, althongh some of the affeeled plant.s recovered, most of .them died. 
Isolations from the discolored l11esocotyls of affected plants consistently yielded 
'a greenish Penicillium. Since the soil had been sterilized, it was assullled that 
,the organism was seed-borne. When 100 lightly disinfected seeds from this lot 
of Dwarf White milo were plated on agar, 25 .'fielded this snllle type of Penicillium. 

A typical iRolate was purified and then cultured on potato-dextrose agar, on 
which' it sporuluted profusely. Seed of ])",arf White milo soaked in a 1: 320 
formaldehyde solution for 30 minutes and washed inliterile water was dusted heav
ily with SI)OreS, and 100 seeds were planted in sterilized soil along with an equal 
number of uninoculated seeds. Both flats were held at n temperature of 25° to 
30° C. Emergcnce was 75 and 88 percent, respectively. from inoculated und 
un inoculated seed. oubsrqucnlly, fiS pel'cent of thr plants frolll illoculated seecl 
and 5 percent of tho~e from Ullinoculllled sred ",iltrcl. 

The symptoms of illjur,}' cauRed in sor~h\lm seedlin~s by thiR isolate of Penicil
lillm.,starled as a ~rayish- or silvery-~recn hue in the leave;;, followed by a gradual 
vellowillg. Then the leaves breulIle limp and finally curled and dried completely. 
'fhe mesocotyl was reddish Lo bluck, and its buse fl'equenlly was covered with t.he 
,greenish Penicill-iu1n. The dead plnnt,s did not fall over, as those attacked by 
Fusarium lllonil-ijormc usually do, but rcmained upright. Largel' plants sometimes 
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recovered,although the affected leaves usually did not. Whether or not these 
plants were permanently retarded was flot determined, as they were not grown to 
maturity.

The foregoing symptoms were recognized as similar to those caused on corn by 
Penicillium oxalicum Currie and Thorn, as described by Johann et 11.1. (4, 6). 
A culture of P. oxalicum isolated from corn by Johann was obtained and used in 
parallel culture and inoculation tests with the isolate from sorghum. The two 
were identical as to color, type of growth on culture media, pathogenicity to 
sorghum seedlings, and other details. Later this isolate from sorghum was 
identified by Johann as P. oxalicum, and hereafter it will be referred to thus or 
ascultnre"No; '601. 

In a subsequent experiment, 240 surface-disinfected seeds of Dwarf White milo, 
uninoeulated, and a similar number inoculated with spores of the above-mentioned 
isolate of Penicillium oxalicllm were planted in separate lots of sterilized soil and 
maintained at the following temperatures: 15°,20°, 25°, and 30° C. The results 
are v;iven in table 3. Emergence from inoculated seed was reduced most severely 
at 15° and least at 30°, but the percentage of plants that subsequently wilted was 
almost the same at all four temperatures. The wilt in the uninoculated controls 
indicates failure of the seed treatment to kill all the seed-borne fungi. 

TABLE 3.-Effect. of soil tempera/,ures and inoclliation on emergence and subsequent 
wilt of Dwarf White milo grown from seed uninocllialed or inoculated with spores 
of Penicillium oxalicum and planled in sterilized soil 

[240 secds planted in each lot] -
Plants emerged from sced- Wilted plants from sood-

Soil temperature (OO.l 
Inoculated Uninoculalcd I!,oculated Uninoeulated 

15___________________ Numb.r P.rcent Number P.retllt Numb" P.rcent Number P.rcent 
liS 47.9 192 80.0 99 86.1 8 4.220_ ' _________________ 
173 72. I 204 85.0 ISO 90.2 13 6.425__________________• 204 85,0 220 91.7 170 86.3 16 7.3 

30•._____ •.• __•__ •••• 216 00.0 226 94.2 184 85.2 18 8,0 

The relative pathogenicity of this culture of Penicillium oxalicum and that of 
the culture of Fusarium 11I0niliforme, isolated from Kansas Orange, were compared 
in the following experiment. One lot of Dwarf White milo seed was treated in a 
1 : 320 formaldehyde solution for one-half hour and washed in sterile water. 
Another lot was left untreated. Hundred-seed samples of each lot were (1) 
un inoculated, (2) inOCUlated by dusting with spores of P. oxal£cu11!, or (3) inocu
lated with conidia of F. 1II0niliforme. The seeds were planted in flats of sterilized 
soil in a greenhouse maintained at 27° to 33° C. Data on emergence taken after 
5 days and on diseased or dead plants taken after 24 days arc given in table 4. 

TAB[,E 4.-Emergence and final stand of Dwarf While milo grown at 27° 1033° C. 
in sterilized son from formaldehyde-treated or untreated seed, llninoculated or 
inooulated with cultures of PeniciUium oxaliclLm,or .Fu8ar.ium moniliforme 

[100 5e('<1s planted in each lotI 

Plants froIll trealed seed 1'lants from untreated seed 

Inoculum DeaU hy urtcr- Dealthy aftl'r-
Willed or dead Wilter! or dead 
aftcr 24 dnys afwr 24 days 

5 days 124 days 5 days 24 days 
.... 

Percenl Puctnl Number Percent Percent Percenl Numb.r Perc.nl 
Nonn.••••••••• __. __ ••••••__• 72 UU 3 4.2 ii OU 11 1-1.3 
P'nicillium o.ralicIL11......... no 5 55 91.7 82 21 01 74.4 
Fluarium moniliform •••• ___ • 55 -15 10 18. 2 7S 57 21 20.9 

Although dusLing the seed with spores of Penicillium oxalicltm did not greatly 
affect emergence ill this casc, most of the plllnts from seed thus inoculated eventu
ally succumbed to wilt. This reduction in stand was much more severe than that 
due to dumping-off by F-lwlrilll/l. 1IIollil~rormc. The formaldehyde treutment, it 
seems,. did not eliminate nil of the seed-borne infection. 
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Seen of eight varieties ·of sorghum, disinfected as in the preceding experiment, 
was dusted with spores from this same culture of Penicillium oxalicum, and 100
seed samples of each lot were planted in flats of sterilized Roil kept in a §reenhouse 
where the temperature during the period of emergence ranged from 25 to 27° O. 
Oorresponding 100-seed lots of uninoculated seed were planted as controls. Data 
on emergence and subscquent wilt of the seedlings are given in table 5. Wilt 
was less severe than in the previous experiment, possibly because of different 
environmental conditions. None of the varieties was immune from wilt, although 
some \yere affected less severcly than othcrs. 

TABLE 5.-EJJ~c~~!.fr!:~t;1I1'!ting seed of eight 'Jariet~es. 9f sl.!r.g~llm wjlh spores of 
Pemcllllum oxallcum on emergence anci w~lt tn sien/tzed SOli 

[JOO seeds of each variety were planted) 

Emergence from- Wilted plants from

C.1. 1Variety No. Inoell'unlnoeu-I
later! lated Unlnoculatecl seecl I Inoelliated seed 
seed seed 

Percent Percwt Number Percent I Number Percent.Freed ______________ . ___________ 
350 r.q 6t 0 0 12 19.7Kansas Orange sorgo. __________ 107 67 70 0 0 14 20.0Darso__________________________ 615 SO 72 I 1.3 0 12.5Dawn kaflr____________________ 340 70 65 2 2.0 11 10.9Reed kaflr. ____________________ 628 73 70 3 4.1 7 10.0

Dwarf White mllo .. ___....._.. 627 70 60 2 2.0 20 33.3 
Dwarf Yellow milo .._..._...... 332 03 60 2 3.2 15 25.0
Feteritc. ._ ....._______ ......... IS2 52 ~6 4 7.7 16 34.8 

I C. 1. refers to ac<,<,ssion number of the Division of Cereal Crops nncl Diseases. 

Five other isolateR of Penicillium were tested for pathogenicity by planting 
treated, inoculated seed in sterilized soil, but none exhibited any marked degree 
of virulence. At times, emergence was slightly affected or a few seedlings showed 
symptoms of wilt, but after a wcek or two of growth, neither roots nor tops were 
appreciably inferior to those in the uniuoculated checks. 

RHiZOPUS AND ASPERGILLUS SPP. 

As previously stated, nondisinfected seeds when germinated on plain agar 
frequently yielded species of Aspergillus and R.Mzopus, especially A. niger Van 
Tiegh. and R. nigricans Ehr. The same fungi frequently were isolated from seeds 
tllll.t failed to germinate in sterilized soil and were then plated after light disin
fection. Since these species of Rhizopus and Aspergillu8 are generally regarded 
as saphrophytes, it seemed desirable to determine the extent to which they could 
reduce germinatioq, ewer~eP.ce, an,d.stand. Seed. of feterita wa.s soaked in a 0.5
per.cent solution of GerlnlSan, an organic mercury compound, for 1% hours and 
planted in three lots of previously sterilized soil that were (1) uninoeulated, (2) 
ino.culated with an isolate of RhizOll11S n1'yricans, and (3) inoculated with a pure 
.culture of R. tritici Saito. Unsterilized, un inoculated soil was used for .com
parison. Three hundred seeds were planted in duplicate flats of each of these 
lots of soil, and one flat. of each lot was kept at 20° and one at 25° O. Data on 
emergen.ce, taken 10 and 25 days after planting, are given in table 6. The result!! 
indicate that these fungi reduced emergence chiefly by rotting the seeds rather 
than by parasitizing the seedlings, as no diseased seedlings were found in the inocu
lated, sterilized soil such as occurred in the unsterilized soil. However, it was 
thought possible that enough Germisan solution had been absorbed by the seed 
to protect it somewhat against attack by the organisms in the soil. To deter
mine this, untreated seed and seed treated with Germisan were planted in steri
lized and l.lneterilized soil kept at 20°. In sterilized soil emergence from treated 
and untreated seed was 83 and 27 percent, respectively; in un sterilized soil it was 
47 and 9 percent, respectively. This indicated that Gel'misan, while most effective 
against the seed-borne organisms, also was somewhat effective agaiust the organ
isms present in the soil, and was, therefore, not considered suitable as a seed dis
infectant in these st,udics. 

In another experiment, seed of fcterita 'l'I'as treated in a ] :240 formaldehyde 
solution for one-hulf hour and washed thoroughly j 300 seeds were planted in 
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TABLE 6.-Emergence and stand of feterita as affected by two soil temperature.~ and' 
by inoculation of the soil with Rhizopus nigl'icans and R. tritici 

[300 seeds planted in each lot] 

Emergence In soll-
., Reduction I in emergence In 

soll-

Sterilized Dnd-DaysSoil temperature alter Unaler· Inoculat.~!1 wlth- Unst<!r·(°0.) planting 1117.l'r1 IIIzedInoculated wlth anrl and 
Unin· unln· uilin

oculnted oculatedRhizoPU8 RhizopU8 RhiZOPlt81 RhlzoP1l8 'oculated 
niuricanB trilici 11 iurica 118 IrWei 

Percent Percent Peranl Percent Perren I Percwt Percellt 
10 44 ,33 30 4 25.0 31.8 00.920................... { 
 2.'i 61 40 57 • 51 10.7 0.6 16.4 
10 44 43 30 40 2,3 11. 4 9.1 

25-· ........--·-----·1{ 65 52 '58 10.8
2.'i 52 ~O.O 20.0 

I Compared with emergence in stcrilizeu soU. 

t 2 J)t!rcent diet},

• 12 pert'Cnt died. 

each of four separate lots of sterilized soil, un inoculated or inoculated sepa.rately 
with cultures of Rhizoplls 'nigricans, R. tritici, and Aspergillus niger. A temper
ature of 25° C. was maintained during emergence. 

The percentages of emergence in uninoculated &oil and in soil inoculated as 
described above were 63, 51, 49, and 54, respectively. Emergcnce was 19 percent, 
22 percent, and 14.3 percent less in soil inoculated with Rhizopu8 nigricans, R. 
tritici, and Aspergill'l/s niger, respectively, than it was in un inoculated soil. The 
plants showed no disease symptoms when discarded 1 week after emergence. 

In another experiment conducted at 20° and 25° C., formaldehyde-treated seed 
of feterita was planted in sterilized uninoculated soil, and seed from this same lot, 
without further treatment or dusted with an organic mercury disinfectant, was 
planted in sterilized soil inoculated with Rhizopus nigl'icans. Emergence in the 
un inoculated controls at 20° and 25° was 72 and 91 percent, respectively. In the 
inoculated soil, emergence from the undusted seecl was 42 and 53 percent, respec
tively, while from the dusted seed it was 57 and 69 percent, respectively. The 
effect of the fungus 011 emergence at the two temperatures was clearly demon
strated, as also was the beneficial effect of the organic mercury treatment of seed. 

In a subsequent serie~ of experiments with these same fungi, Fusarium 11l0nili
forme, F. culmor1l7n, and Penicillium oxaliculn were included for comparison. Two 
fiats of sterilized soil were inoculated with each fungus and kept at 25° C. for 3 
weeks previous to planting. On February 19, 300 formaldehyde-treated seeds 
of feteritawere planted in each flat. One set of flats wa'; kept at 25° until after 
emergence and the 'other' at .ubout 17°. Tho· flats- kept at. 25° wcre.,replaU,tec\"pn 
April 14 and again on May 19, and those at 17° Oil May 17. Additional inoeululll 
of the respective fungi wus added to each flat 3 weeks before each subsequent 
planting. The data on em!'rgence urc presented in table 7. 

On the whole, in this experiment the fungi displayed no marked virulence, 
although some pronounced reductions in stand occurred. The somewhat erratic 
resu!t.s lllay be explained in part, perhaps, by varia(;ions in soil moist.ure that 
may have affected the vuriol!fi fungi differently. Subsequent damping-off, wilt, 
or other disease symptoms in this case were not observed, because the plants were 
discarded shortly after emergence. It was thought that possibly some of the cul
tures had become uttenuuted from being carried too long inpure culture. Therefore, 
another pure culture of FlIsuriullt 1II0nilijor1llc, more recently isolat.ed, and u cul
ture of F. culmormn, isolated from wheat, were used, along with fresh cultures of 
,more recent reisolations of Penicillium oxalic Wit, Rhizopus nigricans, R. tritici, 
and Aspergillus niger. 

Cultures of these fungi were used to inoculate separate portions of sterilized 
Boil that had a water-holding capacity of 40 percent and was adjusted to 50per
cent of this capucity. Spores of Penicillium oxalicwn wero applied also to the seed 
planted in the soil inoculated with this fungus. Seed of feterita, treated with 
formaldehyde as before, was plunLed ill the different portiolls of soil, 480 seeds in 
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TABLE 7.--Bmergence of feterita from seed soaked 30 minutes in a 1,'240 formal
dehyde solution and planted periodically in inoculated sterilized soil 

[300 seeds planted In eacb nat] 

Emergence m-

F. moniliforme_ .. 

Series 1 (25° C.) Sel'ie~ 2 (liO C.) 
Fungi 

Planted Replnnted Planted Replanted 

Feb. 19 Apr. 14 Mny 19 I Feb. 10 1~r8Y 17 

N one_________•___________________________ _ 
~"'lU<Irlum culmoru7n 

Percent 
87 
81 

Percent 
86 
G6 

Percent 
75 
01 

Percent 
50 
28 

Percent 
48 
39 

80 75 47 41 33Penicillium o:ralicum_____________________ __ 84 79 67 44 HRhizopus nlgrlcanL ________________ ______ _ 82 80 55 37 43 
69 64 43 48 40

R. trUkl ___________________________________ 
Aapergillu8 niger__________________________ _ 82 73 65 32 42 

IJ'laced outdoors (after planting); temperature ranged from 17° to 26° C. 

each inoculated lot kept at 15° C., and 120 seeds in each inoculated lot kept at 
20° and 25°. As controls,- formaldehyde-treated seed was pianted·jn-sterilized 
soil and, with or without copper carbonate, also in unsterilized soil, while un
treated seed was planted in sterilized soil. 

Data were taken periodically over a period of 20 days after emergence, on 
stand and also on the number of seedlings that became diseased or died during 
that period. Final results are shown in table S. 

The preemergence virulence shown by Fusarium culmorum. was outstanding. 
especially at 15° and 20° C., as was also the postemergence virulence displayed 
at all three temperatures by Penicillium oxalicum. With the exception of F. cul
morum, the fungi most harmful to emergence seemed to be those present in the 
unsterilized soil. Copper carbonate was very effective against these at 25° and 
20°, but not at 15° 

It seems that either seed treatment with formaldehyde was not wholly effective 
in eliminating the seed-borne fungi or there was some recontamination, because 

TABLE S.-Emergence and subseQ1lent seedling blight in jetel'ita as influenced by 
temperature, seed and Boil sterilization and inoculation, and seed treatment 

Seeus planted nnd total plnnts grown 
nt-

Dead or diseased 
scedlings oeeur25° C. 20" C. 150 C.Inoculum ndded to soil and Treatment of riug at 

seed treatmeut soil 


Seeds 'l'otnl Seerls 'I'otnl Seeds Totalplllnt- stand plnut- stand plnnt- standcd cd ed 2.5° c.1200 C. 15° C. 

No. Pct. No. Pct. No. Pet. Pct.1 Pct.1 Pct.1 
Rhlz~P'f3 triticL _______________ S,erilizc<L__ 120 67.5 120 60.7 480 52.5 48.1 32.5 12.3R. nlurlcans__ .. ________________ _____ do .._____ 120 81. 7 120 90.0 480 68.5 43.9 31.5 14.0 _____ do_______Penicillium oxalicu7n ,__________ 120 81.7 120 65.0 480 38.5 96.9 9S.7 88.0 _____ clo _______A.,pergillus niger_______________ 120 87.5 120 86.7 480 76.5 54.3 32.7 14.2 _____do. ______ 
,F. monili(orme _____•____•_______ _____ do_______ 120 90.0 120 82.5 480 52.7 33.3 35.4 15.0 
Fusarium cu!morum ____________ 120 4(j.7 120 11. 7 480 0 SO.4 85.7 

_____ do ______Nono (seed treated witb form- 40 85.0 80 78.8 250 64.6 23.5 12.7 12.4 
aldehyde). _____ do ______ .None (seed not treated) _.______ 40 85.0 SO 91.3 250 60.0 29.4 27.4 13.3 

None (seed treated witb form- Unsterlllzed_ SO 62.5 40 35.0 133 .8 30.0 14.3 0 
nldehyde). _____ do_______None (seed treated-witb form- SO 82.5 40 75.0 133 17.5 24.2 26.7 34.9 
aldebydo and copper car
bonate). 

I Pert'C'ntago of total stand. 
, Spores of this fuugus were applied also to the seeds. 
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a considerable percentage of the seedlings from formaldehyde-treated seed planted 
in sterilized soil became diseased. Fifty seeds from this treated lot, when plated 
on agar, produced three colonies of Fusarium, two of Penicilliwn, and some of 
species of Aspergillus and Rhizopus. Diseased plants from treated seed planted 
in sterilized soil, when plated on agar, yielded mostly Penicillium and Fusarimn. 

Sections of diseased plants grown in the different lots of inoculated soil were 
dipped in 95-percent alcohol, immersed in a 1: 1,000 solution of mercuric chloride, 
washed in sterile water, and plated on plain agar. Penicillium was recovered in 
6 of the 10 reisolations from the Penicillium series, but 4 were sterile. The rei
solations from the Rhizopus and Aspergillus series were less concll!sive. RJdzopus 
spp. developed in 19 of the 40 plates from that series; 13 were sterile, and 8 devel
operl other fungi. In 20 plates from the Aspel'gillus niger series, that fungus was 
recovered in only 9; 7 were sterile, and the rest contained other fungi. IsolatiOlls, 
from the F1tsarium series were mostly species of Fusarium. Isolations from plants 
grown in the unsterilized soil were mostly Fusari1tm, Penicillium, Tn:coderma, 
Rhizopu.s, sterile mycelium, and occasionally Pythiwn when sterilization was 
very light. 

In a similar temperature series, separate portions of sterilized soil were inocu
lated with the different fungi as before. One hundred seeds of the same lot of 
feterita treated in a 1: 240 formaldehyde solution for 1 hour were planted for each· 
fungus at each of three temperatures, 15°, 20°, and 25° C. Periodic emergence 
data were taken until there was no more increase in stand. A final count of pl9.nts 
was taken 7 weeks after planting, and the percentage of dead or diseased plants 
was computed as shown in table 9. 

TAB[,.' 9.-Effect on emergence and seedling bl?'ght in feterita of temperature. seed 
and soil sterilization and inocnlation, and seed treatment 

[IOU seeds plant<ld in each lotI 

Tolnl emergence and subseqllent reduction I in stand at

20° C. 15° C. 

Inoculum added to soil and Treatment of 1-----;---- --------------
seed treatmen t soil Stand on- Stand on- Stand on____ Re·Re---.---1 ~l~~- duc due· 

Jan. ~rar. lion Jnn. Mar. tion Feb. Mar. tion 
2:1 12 28 12 5 12 

--------1-----------------------
Per- Pcr- Per- Per- Per- Per- Per- Per- Per

Rhiz?p¥slrilici _______________ Sterilized_____
R. nlgTlcans __________________ _____ do. ________ 
Penicillium oxalicum ...._____ _____ <10 _________ 
Asp"Uillu8 niu"______________ _____ do_________ 
Fusarium culmorum. _________ _____ do_________ 
F. moniliJof11le ______ ._________ ____ _do. ________ 
None (seed treated with form ____ do _________ 

ceni 
t5 
9:1 
\10 
92 
62 
III 
g·1 

cellt 
57 
7S 
19 
7f} 
30 
0:1 
84 

,'enl 
3~ 
16 
711 
17 
52 
31 
II 

cenl 
82 
87 
79 
88 
32 
70 
90 

ccni 
li3 
liS 
Hi 
OS 
13 
iH 
82 

cent 
2.3 
22 
SO 
2:1 
fi\l 
29 

\I 

eenl 
64 
78 
58 
67 
0 

41 
80 

celli 
46 
52 
J5 
47 
0 

IS 
02 

cent 
28 
3. 
74 
30 

----56 
23 

al<l~hyde).
N one (seed ,not treated) .. _. _. _____ do _. _____ 
None (seed treated with form Unst"rilizcd___ 

aldeh \'<Ie). 
NOlie (siled t.reated with form _____ do_________ 

aldehyde and copper car
bonale). 

88 
76 

96 

70 
70 

88 

20 
8 

92 
20 

72 

70 
20 

66 

24 
23 

8 

71 
4 

17 

49 
2 

31 
50' 

S2 

I Based on stand on first date in each case. 

The results were very similar to those obtained ill the preceding experiment ex
cept that the percentages of diseased plants were relatively less at 25° and 20° and 
considerably greater at 15° O. 

To test the behavior of different sorp;hum varietieR ill soil inoclIlated with these 
fungi, formaldehyde-treated seed of eight varieties was plallted ill !lats of soil that 
had been sterilized and then inoculated separately with various fungi. Two flats 
planted to each variety were devoted to each fun gut;, and 50 seeds were planted 
in each flat. Flats of ullillQCulated sterilized and ullinoculuted unsterilized soil' 
were llsed as checks. The flats were kept in a greenhouse where the temperature 
ranged from 16° to 21° O. until emergence began and thereafter from 20° to. 
25° O. Periodic emergence data were tuken until no more plants emerged. 
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Forty days after planting, the number of healthy plants in each pair of fats was 
recorded, and from these the percentages of diseased or dead plants were computed r 
as shown in table lO. 

TABLE lO.-Emergence and subsequent disease I or death of plants grown (Jan. 28 
to ~lllar. 12) from. seed of 8 sorghum varieties planted in inoculated sterilized soil in 
flats in the greenhouse 

IEver· Stand· Blark· Dawn Dwarf Dakota 
Hegarl hull kanr Yel.low Amber

Inoculum used and jtems green Chilo ani .o\ver· 
comparc<1 broom· lex fete· agekaflr mIlo sorgocorn rita 

---------11----------------------
Per· Per· Per· Per· Per· Per· Pa· Pa· Per· 

Rhizopu& tritici: ceflt cent cenl cent cent ctnt. ant cent ct.1I1 
Plants emerged••••••••• no 84.0 94.0 f,S.o 00.0 82.0 80.0 88.0 82.0
l'ilmls diseased •• _ •••••• 33.3 23.8 21.3 2lJ.0 6.7 12.2 12.5 13.0 18.n 

R. nigrica1l&:
Plants emerged_........ 64.0 00.0 82.0 78.0 00.0 82.0 98.0 SO. 0 85.0 

l'lants diseased......... 68.8 6.3 0.8 10.3 2.1 i.3 10,2 o 14.4 


Pellicilliurn ozalicum: 
l'lants emerged......... 68.0 00.0 82.0 78.0 84.0 is. 0 92.0 84.0 83.0 

Plants diseased......... 52.9 64. f, 6:1.4 51.3 14.3 30.8 78.3 o 44.5 

A.pergillus 11 iva: 
l'lants emerged......... 68.0 80.0 82.0 78.0 00.0 84.0 86.0 !lB. 0 83.6 
Plants diseased. ••...... 88.2 32.0 12.2 25.f, 35.6 23.S ~O. 5 36,4 3i.6 

FU8arium lulmorum: 
- Plants'emorged. __•••••• 12.0 34.0 40.0 32.0 32.0 14.0 34.0 36.0 29.0 

Plants dlseased .••••_... 100.0 88.2 \10.0 100.0 68.8 100.0 94.1 66.7 88.5 
F. moniliform.: 

Plants emerged •••••.•.• 64.0 86.0 84.0 70.0 94.0 80.0 76.0 84.0 80.\ 
Plants diseased.••••..•. 87.5 ~~I~~~~__O_ 4,1.4 

Average: 
Plantse'!'ergcd......... ~.o SO. 0 no 07.0 81.0 72.0 7~.0 77.0 73.5 
Plants dlSeased •••._.... 11.8 44.8 36.4 30.9 28.0 3,.4 5:1.4 19.5 41.4 

None (sterilized soil): -1=-=-='=='=
Plantsernerged......... 76.0 84.0 70.0 SO. 0 94.0 I 78.0 SO. 0 SO. 0 SO. 0 

Plants diseased •...•_.__ 17.0 11.9 5.7 7.5 8.5 2.0 2.5 0 7.0 

None (UlISt.erilized soil): l 
Plants emerged......... 08.0 70.0 52.0 70.0 94.0 56.0 SO. 0 00.0 09.0 

l'lantsdiseased......... 42.1 25.7 I 26.9 37.1 29.8 30.3 17..'i 20.0 29.8 


, I 

I Percentages based on total number of seeds (100) planted In each test. 

Fusarium. cullllorum., in this case, wa.~ the only fungus that reduced emergence 
consistently and apparently significantly, Posiemergence injury by the other 
fungi, however, was pronoullced, ranging frOIll an average of ] 9.5 percent in 
Dakota Amber sorgo to 71.8 pcrcent in J~vergreen broomcorn. From the results 
obtained.in nninoculuted sterilized soil, it is apparent that treatment of the seed 
with formaldehyde was not entirely effective, and that some of the seedling blight 
may have been clue to seed-borne fungi. Sections of roots, steml';, and lIle~ocotyls 
of diseased seedlings and unemerged abort('d sprouts, taken fro III the tlnsterilized 
soil, were dipped in 95-percellt alcohol, sterilizpd in 1:.1 ,000 mercuric chloride fro III 
one-half minute to 3 minute::;, wash('d in sterile water, and plated on plain agar. 
About 75 percent of the if;olations were specie::; of P11Sarilllll, with some species of 
Penidlli?' "t, Rhizopus, A.SpCI·gilllls, and occasionally also Pythi1l11! when the ster
ilization was light, A species of PlI'/hium was obtained most frequently from 
l'Oots, mesocotyls, and aborted sprouts. 

Because of the contradictory results occasionally obtained, it is difficult to draw 
definite conclusions from the foregoing experiments with fungi, some of which, it 
is thought, may be comJllonly seed-borne. The uncertainty as to whether the 
seed (15) or thc soil used in these experiments had been entirely freed from harmful 
fungi by sterilization, or whether recontamination had not occurred, made it 
questionable at times whet-her the fungi used for inoculum were entirely respon
sible for the injury observed. Experiment" of this type conducted in uncovered 
soil containers in the greenhouse over a period of w~eks do not exclude the possi
bility of recontamination of soil or seed with fungi carried in the air or in the water 
applied to the soil. Despite t.hifl possibility, the results obtained in inoculated 
soil compared with results in similar uninoclliated soil indicate that, under some 
conditions, the fungi used as inoculum impaired emergence and caused dilTerent 
type~ of seedling blight. The apparent resistance of some varieties of sorghum to 
these types of injury was also demonstrated. 
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SOIL-BoRNE ORGANISllS 

Soil from fields that had been continuously cropped. to sorghum for 6 to 23 
years was obtained from six experiment stations in Tcxas, Oklahoma, and Kansas. 
The soil types, water-holding capacities, numbcr of years the soil had been cropped 
to sorghum, the locations, and thc names of thc cooperators who supplied thc 
soil are listed in table 11. 

. TABLE 11. -Source, period in sfJ:-qhum, type, water-holding capacity. and person 
supplying sample of diffuent lots of soil used in isolation studies 

Period Water Person supplying Source 01 soil In Type holding samplesorghum capacity 

Yt'ar3 PercentLawton, Okla_________________ _ Fine sand:; loam _____________ _20 37 W. M. Oshorne.Woodward.Okla_______________ Sandy loam __________________ _
20 22 J. B. Slegling_r.Chillicothe. 'fex________________ Black clay loam _____________ __Ii 31 J. C. Stephens. Hays, Kans____________________ Blaek silt luam _______________.23 43 A. F. Swanson.Oarden City, Kans___________ _ ... do .... _-.- .. _______________14 42 F. A. Wagner.Manhattan, Kans______________ Black clay loam ..___________ __7 41 C. O. Johnston.Arlington, Va_________________ _ Keyport silt loam ____________ _o :l9 

In a preliminary test, seed of Spur fetcrita and Dwarf Yellow milo, trcated in 
undiluted Hyclorite for one-half hour, was planted in sterilized and unsterilized 
soil from each of the above lots and also in Kcyport silt loam from a part of the 
Arlington Experimcnt Farm on which sorghum had not been grown. The tests 
were made in a greenhouse where a tcmperature of about 200 C. was maintained 
until 5 days after emergence. No attempt was made to adjust all the lots of soil 
to the same definite percentage of saturation. The data on emergence are ilhown 
in table 12. 

TABLE 12.-Emergence of Spur feterita and Dwarf Yellow milo from treated seed 
planted in sterilized and unsterilized soil obtained from seven sources and kept 
at BOO C. 

Emergcncu 0(-

Source 01 soil Spur leterita In soil- Dwarl Yello,r milo in SQil-

Sterilized Unstcriliwd Ster!!ize!l Unsteriliwu 

Percellt Percellt Percent PercelitArUngton, VR_________________________________ • 91 1 46 0Lawton. Okln._______________________________-' 8S 2.~ 59 21 

4i 11 
32 10g~~~:C~~y: K~ii,j:::=======:::==::=:=:====::: ~~ ~ 67 4 

~~'illt~~;;~: ~~!~~~=====:=:==:======:=====:==::: f.l !~ 55 5 

Manhattan, Kans_..--_________________________ 84 28 

A vero c_________________________________ • I-----87-11----1-8+----
4i 8 

g 50 8 

The poorest emergcnce occurred in the unsterilizcd Arlington Farm soil, showing 
that micro-organisms detrimcntal to germination and stand in sorghum arc not 
restricted to soil in which sorghum has been grown for several years. The 
surprisingly poor emcrgencc in ullsterilized soil comparcd with that in sterilized 
soil cmphasizes the damagc done by soil-borne micro-organisms. However, poor 
emcrg<lIlCe in some cases may have becn aggravated by insufficient aeration duc 
to excessive soil moisturc. 

In a sccond similar tcst in unsterilized soils at threc differcnt temperatures, 
with sterilized Arlington Farm soil as a control, the soil moisturc was adjusted 
to about 45 percent of saturation. This wus followed by a parallel test in which 
thc soils were about 70 percent saturated. The data on emergence in both .series 
are shown in tablc 13. No datu on subsequent damping-olf or wilting were ob
tained, /I.S the plants werc di$curded shortly after cmcrgence. There seems to be 
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TABI,E 13.-Effect of Boil moisture and temperature on emergence in Spur feteritci 
from treated seed planted in soils from seven sources 

Total emergence at indicated temperature in soils adjusted I 
to about-

Source 01 soil 45 percent saturation iO peroont saturation 

15° C. 20° C. 25° C. 15° C. 20° C. I .25° C. 
---------------\------------------------

PUctllt PeTc.."t Percent Percenl Perunt P, Tcent 
Milngton. Vn. (sterilized) ___ ._____________ 59 i.5 82 35 55 75 
Lawton.Okla __ ._________________________ 34 tiO 95 0 3 72 
Woodward. Okla_________________________ 10 56 80 0 4 tiO 
Chillicothe, 'l'eL________________________ 49 i8 90 30 42 80
Hays. Kans ..•• ________________________.. 10 49 i8 0 32 61 
Garden City, Kllns_____________.._______ . 16 36 ii 3 14 45 
Manhattan, Knns _____________________ ._. 49 iO 9i 0 6 92 
_\rlington, Va. ___________________________ . 8 40 i3 0 4 foli 

___1___.__- ______.___ 

A".mge____________________ ---______ au. 1 I .~s. 0 t 84.0 S.5 20. () I 68.8 

I The experiment with tho weLlRr soils wuS cnrried out o;('yprnl weeks alter thnt with the drier soils. 

no consistent or striking rclation be1.\\·cen the percentage of emergence and the 
length of time the soil had been croppt'C1 (.0 ;;orghum. On the whole, emergence 
was consistently best in the black clo.y loam frolll Chillicothe and poorest in the 
silt loam from Arlington. Emergence 11'11-<'; eOllsil'tently poor also ill the black silt 
loam frum Gardell City. Emcrgenc(' in the reIIlllining soils showed considerable 
vuriation. In every case, evell ill the sterilized soil, emergence was relatively 
less, at allY given t('mperature, in soils adjusted to iO percent saturation th/ln in 
those adjusted to 45 percent saturation. The percentage reduction wns greatest 
at 15° and lea.st, at 25° C. 

The soil type, soil moisture, temperature, and soil flora arc doubtless interrelated 
factors atfecting emergence independently ami in combination with one another. 
80mc fungi probably are more virulent at higher soil moistures, but it seems that 
soil temperature or soil type or both can alter this relation to sOllie extcnt. 

Further data on the effect of temperature and soil sterilization both on emer
gence and on seedling blight were obtained from an experiment in which feterita 
was grown in 2 types of soil and at (j temperatures. One was a sandy soil from 
'Voodward, Okla., and the other a blnck prairie soil frolll Hays, 1(ans. Both 
soils had been cropped cOlltinllously to sorghum for 20 years or more. A portion 
of each lot of soil was steamed at 5 pounds' pressure for I hour just before plalltin~. 
This milder sterilization was emplo.\·'l:'d to avoid altering too much the orgamc 
material ill the soils. Both lots of sterilizcd soil, along with ullsterilized lots of 
the same soils, were adjusted to about 50 percent saturation. Forty seeds, 
soaked in ]: 240 formaldehyde solution for one-half hour, were planted in each of 
6 calls of each lot of stcrilized ·soil and in each of ] 8 cans of each lot of unsterilizcd 
soil. One can of each type of 'sterilized soil-and· 3 of euch t~yPC of uustcrili.zeQ 
soil were kept at. each of 6 temperaturcs, 10°, 15°,20°,25°,30°, and 35° C: 

Data all cmergence or stand taken after all plants had rcached the first-leaf 
stage, along with data taken later on the number of plants subsequently killed, 
arc shown in table 14. 

Emergcncc lI'as milch better in the sterilized soil except at 35° C. There wa.~ 
no emergence at JOo in either sterilized or Illlslcrilized soil and 1I0nc nt ]5° and 
20° in the unsterilized soil. Postemergcnce dampillg-off or wilting increased ill 
severity with an increase in temperal.ure. The occurrcnce of disea.'Sed plant.'! 
ill the sterilized soil indicates that either the method of soil s.ferilization was not 
entirely effectivc or that sllbSl'quent contamination occurred. The seed also may 
hn.ve carried some fungi d('spile the seed treatllleut used. 

To isolate fungi possihly responsible for the poor emergence and seedling blight 
in ullsteriliZlld soil, seed of Spllr feteritn, surfacC-'ll.erilizcd for one-half hour in 
undiluted Hyclorite, WII-'> plant.ed in pnns of sterilized :and unstcrilizcd soil from 
near Manhattan, .KarlR., and three panR of ellch were Kept at, each of three tem
peratures, 15°, 20°, lind 25° C. ;vrnnha(.(ull soil \I'm; IIl>ed first because an nmple 
supply was availu\)It'. At emergence elcdric lig1118 were used to promote norlilal 
growth. The pans were rcmoved to th(' grccnhuw-i(' scveral dllYs after emergence_ 
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l'ABLE 14.-Effect of temperature and soil sterilization on eme~gence and subse
quent seedling bliuht in feterita grown from formaldehyde-treated seed planted in 
two typ~s of Boil taken from fields continuously cropped to sorghum for 20 years or 
more 

DlIl!hted seedlings Period Emergence' In soilTern- In soilherOT!>Source and type of soil pera emerture gence Sterill""d Unsterl1l7.cd Sterlll""d Unsterllized 

o C. DaV' Perunt Perunt Percent Percent 
~ ... ____ ~v_ .. ____10 0 0 

IS 16 22.5 0 "-------0·- ....._-------_ .. _
20 8 55.0 U 0 -.. _------_ .... 'Woodward, Okla. (sandy loam)." 25 4 65.0 ~0.8 8.0 12.0 
30 3 07.5 44.2 19.0 17.0 
3.~ 2 60.0 57.5 20.0 27.0 
10 0 0 ------_. -.. - ------.. ------
15 16 37.5 0 0 ..- .. ----------
20 9 52.5 0 0 
25 5 00.0 9.2 4.0 0 
30 3 42.5 6.0 15.C> 

U'ays, Kans. (black slit loarn) _____ ---------- ..... 

2 60.027..1 I .~.O35 47.5 40.0 

, 40 seeds were planted in each lot or ~terllized soli and 120 seeds in each lot or unsterillzed soil. 

Percentages of cmergence at 15°, 20°, and 25° werc 48, 81, and 92, respectivcly, 
in the sterilized soil; and 22, 65, and 81, rcspectively, in the ullsterilized soil. The 
ungerminated seeds, unemerged sprouts, and diseased seedlings were then removed 
from the unsterilized soil. for plating. All ungerminated seeds that had started to 
decompose were disearded. The rest were thoroughly washed in water to remove 
all soil particles, dippcd in alcohol, immersed in Hyclorite for 3 to 15 minutes, 
and transferred to plain agar containing a trace of potato dextrose. The roots 
and stems ,of diseased seedlings received somewhat less severe sterilization before 
plating. 

In most cases, isolations from roots and lower stems produced cultures of spe
cies of Pythi1tm. In mony cases, the fungi may have been killed by the steriliza
tion before plating. Isolations from ungerminated seeds frequently yielded two 
or more fungi, one of which frequently was a PlIthiulIl. Next to species of P,IIth
iU71l, species of Fusarimn, Rhizo]J'lls, and Trichoderma were most frequently 
isolated, along with some of Penicillium. and Aspergillus. 

Frequently it was difficult to separate two or more fungi growing out of one 
seed or portion of a seedling; hence, in many cases, purc cultures were not 
obtained. 

Several additional plantings of Spur feterita, hegari, Blackhull kafir, Dwarf 
Yellow milo, and Kansas Orange sorgo werc made in unsterilized soil from near 
Manhattan, Kans., Ilnd kept at 20° C. until after emergencc. Isolations were 
then made as beforc. A total of 310 isolates obtained from these plantings were 
classified as follows: 
Pythium (debanJanum. type) _ _ _ ___ 103 JlllCor ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ 3 
Pythium (otller types) ___ _ _ ______ 30 Alternaria_ __ _ _ _ _ _ _ ___ _ _ _ __ ____ _ I~, 

Fusarium_____ __ ___ __ _ _ _ ____ ____ 38 StacilllbotrYs- ___ _ _ ___ __ ____ __ __ _ 3 
Trichoderma_ _ _____ _ _ _ _ __ _ _ _ ___ _ 26 Helminlhosporimn_ _ _ _ _ __ ___ __ __ _ 1() 
Rh,izopltB_______________________ 28 Unidentified sclerotial fungL______ 13: 
Penicillium_____________________ 18 Nonfruiting fungL______________ 11 
Aspergillus___________________ ,_ _ 14 

Similar plantings of Spur feterEta seed, treated, as before, in 1: 240 formaldehyde 
solution for one-half hour, were made ill soil from the other stations. A tempera
ture of 20° C. was maintained during emergence and for 5 days thereafter. Isola
tions were then made from seeds that failed to germinate, from unemcrged aborted 
sprouts, and from roots, mesocotyls, and lower stems of apparently diseased 
seedlings. The results of these isolations arc sh.)wn in table 15. They are lSome
what similar to those obtained from the soil from iHlluhllttan, Kans., exeept that 
a larger proportion of the isolations "wcre species of Fu.~arill m. This may have 
been due to slightly more severe sterilization before plating. 

The pathogenicity of most of the isolatcs from the Manhattan soil was testp.d 
by inoculating agar slauts Oil which sorghum seedlings had been grown undel' 
sterile conditions. Some of the cultures showing' e\'idellce of virulence were thel1 
used in soil tests. 
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TABLE 15.-Isolationsf~om roots, stems I, and ungerminated 8eeds 2 or aborted seed

lings of Spur feteritafrom treated 8eed in Boils taken from 80rghumjieldsindijJerent 
localities 

Eclero- UniPrJ/h- F...a- Peni· A.per- Miscel-Part iso- Mueo- tium- denti-Source of soil ium rium cillium gill... lanelated from raceae 3 forming liedspp. spp. spp. spp. Olll! • fungi fungi' 

Number Number Number Number Number Number Number Number 

l'Ng~~::=::: 

{KerneL ___Arlington, Va ___________ Stcm ______ 
Root______ 

15 
0 
5 

25 
30 
12 

32 
0 
I 

18 
6 

12 

9 
0 
5 

0 
0 
5 

7 
0 
3 

4 
I 
6 

{KernCL ___Lawton,Okla__________ Stem______ 
Root______ 

12 
I 
3 

5 
6 
0 

3 
0 
0 

2 
0 
I 

I 
0 
0 

3 
0 
2 

I 
0 
2 

1 
0 
1 

{KerneL ___
"'oodwerd,Okla_______ Stem______ 

Root______ 
{KerneL ___

Chillicothe, Tex ________ StenL. ____
RooL _____ 

11 
2 
4 

12 
6 
.1 

3 
2 
0 
I 
6 
I 

] 

0 
0 
0 
0 
0 

0 
0 
0 
2 
0 
I 

2 
0 
0 
4 
0 
2 

I 
0 
0 
2 
0 
I 

0 
0 
1 
2 
0 
3 

0 
0 
2 
3 
2 
5 

Hays, Kans _____________ r,crnel.- ..SteIll _____ 
RooL _____ 

9 
I 
4 

4 
5 
2 

3 
0 
0 

4 
0 
2 

5 
0 
] 

3 
0 
I 

3 
0 
I 

6 
1 
4 

f,\,rnCL._-Oarden City, Kans _____ cilcllL. ____ 
RooL ... _. 

11 
6 
5 

D 
3 
I 

5 
0 
0 

6 
0 
2 

3 
0 
2 

I 
0 
0 

5 
0 
3 

6 
3 
5 

JKerncl.-_ -Manhattan, Kans_____ . 
]0 
5 

.1 
2 

6 
0 

4 
2 

7 
I 

2 
0 

4 
1 

2 
1 

2 2 0 2 3 1 2 4 

{KernCI. ___ 80 52 50 36 31 12 22 21TotaL____________ Stem .. _._. 21 54 0 8 1 0 1 8Root ____ .. 28 18 I 20 13 10 15 26 

Ali pnrts __ 129 124 51 64 45 22 38 65 

I Includes isolations from rn(.socotyls.
, I neludes isolations from ahorted sec,llings_ 
, Mostly Rhizopu. spp_, with sOllie ,\[ucor spp. 
t Among these were species of Perisporiaceae, Gliocladiu1ll, IIelminthwporiu1ll, S/achNbolrVI, Trichoderma, 

and bacteria . 
• Jl.fostiy nonfruiting mycelia, including probably spccies of Rh/zoctonia and Sclerotium. 

In a preliminary experiment three isolates each of Fusarium and Pythium and 
one of Penicill-iulll, along with a pure culture of F1tsarium cul1/lorum from wheat, 
were increased on ste:uned corn meal and sand mu;! used for inoculating separate 
lots of sterilized soil in each of which 100 formaldehyde-treated seeds of Spu 
feterita were later planted. In one control, only the sterile agar corn meal and 
sand medium was added to the soil before planting, and in another control nothing 
was added. After 15 days at 20° C., final data on stand, height, and vigor of 
plants were taken and are shown in table 16. The Pythium isolate No.2 was the 
most virulent and entirely inhibited emergence. The two other Pythium isolates, 
although less virulent than No: 2, reduced emergence, rotted the roots, and 
stunted the plants. F11sariutn No. 301 was almost equally virulent, whereas 
Penicillium No. 600 was less so. F'llsarhmt culmor1l1n showed less virulence than 
in previous tests. However, it is possible that some of the differences ill virulence 
may have been caused by differences in the amount of inoculum used_ 

A second soil-inoculation series included 19 isolates of PlIthium, 16 of Fusarium, 
and 4 of Penicillium, from the Manhattan soil, and pure cultUres of F. cttlmorum 
and Penicilliwlt oxalicu.7It. The inoculated soil was incubated at 25° to 30° C. for 
5 days, after which seed of Spur feterita, previously treated with 50"percent 
Hyclorite for one-half hour, was planted and the soil kept at 20°. Two weeks 
later data on emergence were taken and general observations made on growth of 
tops and roots, as shown in table 17. 

Emerp;ence in the three uninoculated checks ranged from 94 to 98 percent and 
averaged 96 percent. No diseased plants were found in any of them_ Emergence 
was practically inhibited by all of the Pythiwn isolates at 20° C., 1,900 seeds pro
ducinp; only 19 plants. The appearance of the recovered seeds indicated that 
growth frequently had been checked, shortly after the emergence of the plumule 
from the seed, by the attack of the fungus near the growing point. Pythiumwas 
repeatedly reisolated from brown lesions on the plumules. 

Only one of the Fusariw/I isolates (No. 301) from the plantings ill the Manhattan 
soil showed any marked efTect on emergence and subsequent growth. The percent-

I 
t 
I 
I 
~ 

t 
-

I
j 

! 
t 

j 
I
! 
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TABLE 16.-Stand, height, and vigor of plants of Spur feierita grown from formalde
hyde-treated seed planted in sterilized soil, different lots of which had been inoculat
ed 1 with cultures of fungi isolated from plantings 'in soil from Manhattan, Kam. 

[100 seeds planted in each lot] 

Average DeadTotal OenL'rn1 notes when plants were 
stand dug up and discarded~uIture No. Fungus height of plants

plants 

Ptr- Num
cent Inch." bu300______________ F ... ari..m sp. _____: _____ _ 71 2-5 I .~Imost 8S good IlS check.301 ________________ •••do __ •• ___ •• _. ______• 

44 1-1 8 Small stunted plants; no rootlets, 302_. _________ • ___... do. __________ •______ 82 2-4 0 Fair plants; poor roots. 
2'l3_____ .. _______ .. Ru.!urill7n culmorum ... __ _ 41 1-3 10 Very poor plants; no rootlets; 

stem lesions,
None (control)__ Only sterile medium ad- 82 t-5 Vigorous plants and roots,

ded to soil. 
1. •• __________ •__ Pvihillm sp. ____________ _ 42 2-3 Stunted plants; rotted roots. 2____ •___________ ._...do ••• _. ____________ • 

0 ..... .. -...- ..-..... No ernl1rgt.moo; un omergod~ 

sprouts brown and doad.3________________ ••... do ...... __•___ •____ _ 40 2-1 17 Stunt.ed plants; rotted roots. 
600 _________ .___ Ptllicillium 5p•••_______ • 60 3-,) 8 Plants fair, poor roots; somo 

lesions. 
None (control).. Nothing added to soil •.• 95 EXl'Ciiunt plants and roots.HI 

1 Cultures of organisms mixed with the soil 4. days before planting. 

TABLE 17.-Emergencc and condition of plants of S7Jllr feterita grown at 20° C. in 
previously sterilized soil that had been inoculated with various fungi 

Culture Emer· Observations on plants 8fterFun~usNo, gence 2 weeks 

Perant 
None (con· No inoculation..••••____ ._. __ .••• ______•__ •__ 94 Tops and roots healthy.

trill).
I ....•• _.. Pythiltlll sp.•••_. ________••• ___ ._.- __ ._._.__ •. 8 Tops stunted, roots decayed, 
2_. ___ .... .•. .do __ ••• __. ____ •••_.______________ , ___ , __ , 5 Do.
3.••_••••••. __ • do •• _. __________ • __________ ••__________ " o No emergence, 9. ____._•..•••_do. ____________ • __•________ •____________ • o Do.
11. ____._•.•••_do. __• ____ •______ ._•• _••_. __ •• __•______ •• o Do,
12._____ •• _. _. _do •••• _________ •___ •_________•• _. ___. __ •. o Do.
13•.• ___ ._ •_••• do. __ ._.____ . _•. _._...._____ •••___ . ____ •• o Do.
17._••___••••••do ._•• _____• _••• __• ________ •• ___ •••____ ._ o Do.
IS•••. __._ .••. _do •• ___ •__ •___ •______•__ •___ •• ___. ___._ •• o Do,
20.__ ._._•. _. __ do ••_. ____ •_______ •_____ ••__•__ ._._•._._. I Small plant w4th short roots. 
21 ••••, __ ••••.. do. ________•.___•__••••• __• __••.•_. ___ •__ o No emergenco.
25•••___....... do _•____ •_____._ • __••••_••• _____ •________ 
 o Do.
27 •• _....... _•.do_ •______ •• _._._. ____ ••• __ ._.__•_______• 
 o Do. 
28._•._._. , ••••do. _______•.__ •• _._._ •••____ ..._. ___••. _. 2 Tops stunted; poor roots, 20 .• __ • __ • . .. _. rI o. ____• ______ •______._..___•___________ . o No emergonco.
30••___ ••_ •• _., tlo._•• __________• __ • ______._••_••____ ••.• I Normlll plant.
32, __..._••••••do _______ ._. _. ___ •___.,_____ .••••.•___ .,_ 2 Stunted plnnts.

3a_ ._.__ ••••_. _do ___ "_ ._. ___•••___ ._.. ,_ ._._ •• __ '."_•• o No emergen(.'O.

:10 .. _.___ • _....do_ .•.. _._. _._ ••••• ____ - ....•••• __ • ___•• _ o Do. 

300 •• _. __ • Fusarium sp•• __...__ . ____ ........_...._____ • i3 Normal healthy plants,

301 ........... do ..... _. _•• _. __....___ ..... ___ ., __ ._... 04 Somo stunting lind dllmplng·off. 

None (con· No Inoculation .•• ________•___._ ••.• _.•.•_•••. 96 Normlll healthy plants. 


Irol),
302 __ w_~" li'uaariu,m sp~ ______ ~ .. _.. '"'_ .............. w .. _ .. .. SI Do.
...... _____ 

303 1••• ___ •• _ ..do_. ___._.______ ..._. __ ...... __ ._._._.... Plants dllmped.ofT.
:104. ____ ••.••••do•• _____ •_________••••__ ........_._._ .. . 90 Normlll h~althy plants.
:105••• ___ •• ,. __ do _. __••_._. __ ._._._._ ••• _••• ___ •• _____•. 0:1 Do. 
307. _••_.' .•.•. rio .••__ • _____ ._._____ ._. ___ ._. _________ •• 94 Do. 
300•••__ ._ , •••. rio. _________ •_____ •. ___ •••••_. ' __ """ _. Si ])0,
3lO. _____ •.•.• _do .•_______..._. __...___ •• __ • __ ._. ____ ••• 73 Do. 
312, • __•••••.•. ti~. _"____ ••_. _.•_........_.• __ •_•• ____.. 94 ])0, 
:114 _••___ ._... do_. __ "_'_'_' •____ ._._._••-•••-_. -.--.-- Si DO.
315.._.__. . .•••do •• ___ . ___ . __ •___ • _. ________ •__ • _. _____ _ 74 Do. 
:116 .. ____ • '" ••do. ______ • _. __ . ____ •______ .•---------.- •• 7l Do. 
:lIi....__ .. _•.. do. __•___ •____ ._ •• _...__ ••• __ .• _____._••• 00 Do. 
3lU •• _•• __ • _•••do. __ . ___ •.•_______._••••• __••_••• _. ____• 92 Do. 
:120_ •• __ ._ •••••do••• ___ ._.__ ._ ._._. __.••______•__ ••_••.• 93 Do. 
:l2l_.___ .......do .•••• __ •• _____ • __ ._.___ •_____ • __ • ___ .. 90 Do.
600_____•• Penicillium sp_____ ••_••______•.__• __ ._•.•__ • 05 ITealthy; some wilted later. 

GOt. _____. •.•••do .••_. _. ___ •. __ •____••_. --___ -•• --- --.-. 32 Nearly ail wilted later. 

602.._. _., __• _. do___ •_____ . __• __..._._ -__ - .--. -- --. -. --- 75 ITealthy plants.

f,o:!. __ •______ ••do_ ••____. ____.... _•••_,_••••_._.___ •.•.• is Do. 

004___ .._......do. __ .....__•• ___ •••••___ ---.-- .----.--•• 71 Somo wilted Illter. 

Control__ No inoculation. ___• __._•.•._. ___•_______•••• 9S Normul healthy plant!. 


1 FusarilHII cll!lIIorlHII from whout. 

http:Stunt.ed
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ages of emergenee were somewhat depressed by three others, but no damping-off 
or other disease symptoms followed. The pure culture of Fusarium clllmo/,um 
(No. 303) from wheat again provl!d to be very virulent. 

Penicillium isolates 600 and 604 seemed. to depress emergence somewhat, and 
about 15 percent of the plants wilted later. Pe.nicilliulIl oxaliw1n (No. 601) 
reduced emergence to 32 percent. and most, of the plants wilted subsequently.
Pem·cillim/l. isolates 602 and (i03 showed 110 apparent pathogenicity in this test. 

To test the effect of temperature on emergence in soil infested with certain 
isolates and pure cultures, SPIlf feterita w!l.~ planted in stprilized and unsterilized 
soil from Manhattan, Kans., and from Arlington Farm, Va., and in portion'S of 
sterilized Arlington Fanl1 soil inoculated with cuitures of Fu.~(1rilUn, PlIthhun, 
and Penicillium. isolated [rom planting>; in Manhattan soil, or with pure cultureR of 
certain species of these same genera. The fungi wpre grown on agar media and 
mixed with t\w Roil, which was then incuuated for 5 day::; at 25° C. before seed was 
planted. The plantingR were mae\f' in triplicate, the three lotR being kept at 15°, 
20°, Ilnd 25°, respeetively. Eight days after planting, emergence data were taken 
on the lots kept at 25°and 20° and (j dtLYs later on those kept.at 15°. The data 
are shown in table 18. 

TABLE] S.-EjTert of soil tcmp(,/'It/III'(, on CI/W'(JCllr1' of Spur fetcrill/. (Jrown from /01'
1/1aldehlldc-ircated seed ,in ullslcrilizpd .~oil and in s/c/'ili zed soil 'lininoculated or 
inoclliated with var·iolls fUllm: be/orc plonlill(J 

Soil- Emergcnc~ nl-

Source I St~riliznllon , JnocuJntiQll 1.;0 ('.1200 c. I 250 C. 

,--:-~---l' . ;;;;:::;';;;cent PercoII!l\lnuhnltnn, Kilns" I nslt'r1h7.('<I" 
Do.. . ....... 1. !;;r"rilizl'rl 

::-.lOlw ... _____ •• ____• __ •_________ • ______ • 
. . . <10 ....______________ •_____ •• _....____ 

(J 
Oli 

(i 
81 

iO 
8.'i 

Arlington, \-11 ...... 1 l'n~l~riliz\'d .. j' ,do..... _..______..__ ...____ •______ •• _ 
Do ....... __ .... Sterilizl'd " .... , .' do ...............__ .._....___.... 
Do.........._..... ,' do ........ 1 FI/~lIr;1L1II 8[1. No, :3011 ...___ ._......_... 
Do. ____________ • __ . do"....... ! PI/Sllrilllll sp. No. :1.iO ' ....__........_... 
Do .......__.......... do, ..... _.. , J.: CU/1II0TltIll No. :Ul3 3..... __ .......... , 
1)0 ... __ . _____ .. do ....._.... ! p, cII/IIIorIL11I :\0.33;)3.................. 
Do ....._._ ..... ," .rlo ......._.1 P. 7IIolliliforlllt :-'-0.331 ' ........._.. __... 
Do....__............ do .....__ ••• ' Penicillium sp. "0. (lO() ' .._.......... ___ .. 
Do __ ...... __ • __ ...... ~.~ ,do ........ ___ .. P. OIulicltm :\0. ntH .~_ ~_ .. __ ....... _____ .. ~ 
1>0..___________ .•• "do ....___ .. Pgthillrnsp. :-'-0. 21 ... ____ • _______ •• ___ 

0 
i9
(is
8 
I) 

_,r.1, 

(J.i
2 
0 

s~, 

90 
72 
4 

:!,S6 

8.1 
10 
1 

:11,i 
1 

33 
49 
54 
48 
8.1 
IX)
00 
11 

Do....________• " .. <10 ...._.... 
Do _______...... " .. do 
Do •• ______.......... rio ....._... 
Do.._....______ .••. do ..._.._.. 

f'gtltinm sp. No.3' ...............__ 
Puthill11l sp. (Xo~. 5 to 15, illclusi\'C') .... 
P. /lrr/l",olllllll(.- No. iO . _.. ........ 
P. dr/lIIrYIl/lILnllI('s,c Xo. i·1 __ ... _...... 

0 
0 
0 
0 

0 
0 
0 
0 

4 
27 
8 
7 

, rsolatcr! (rolll p!nnt..~ grown ill soil (rolll n~ar Munhllttan. 
, !snlall'rl (rom Sl'NI of fl't('ritnllll<l IlItl'r irlellliflcd ,tS ,... ellimoTILIn. 
, Isoluted (rolll whellt phmts. 

The organisms present in the ul1slerilizeci Arlington Farm soil reduced emer
gence somewhat, more th;lIl did those in thc :\Iallhnttan soil. Of the Fusaria, 
Fll.~nl'iwl/. clII1/lor11.'I/I, (No. 303) again was the most virulent. The other strain of 
F. clIiIllOl'lI,1U. (No. 335) WIlH equal to No. :303 at HiD and 26° but Il'SS injurious tit 20° 
C. Results from Fu.sariwn sp. (i:\ 0.350) were similar to those' from F. elilmornm 
(No. 335). The strain of F. 'III01lili!o/,l/Ic (i:\'o. 331) was n]Jpal'cutly without any 
harmful elfcct on emergl)ncc at any tctJIperntlll'll. 

All the eulturcs of p"lhium, boCh til(' mixtures and the plll'e strain>;, inhibited 
emergence at 15° and 20° C., and l'('dliCed it R(lVerely ev('n aL 25°. Penicillium 
sp. (No. GOO) caused some reduction at 15° and nOlW at 20° or 25°. Penicillium 
oxalicurn was very severe 011 em('r~ence at 15° and 20°, but showed no effect at 25°. 
Pl'stemergence wilt, however, wu.;; vcry severe at this latter temperature. 

The lots that had been kept; at 20° C. until no more plant.s emerged were then 
transferred to a greenhollHe whcre the temperature ranged from about 20° to 26°. 
In the soil inoculated with PcnicilUu'l/I. oxulicll1t!, 5(j more seedlings emerged after 
the transfer to the higher telnperature, but mo~t of these soon showed typical 
wilt symptoms; that is, the leaveH showed gmy silvery streaks and became flaceid 
and limp. Some emergence also occurred in the PythiIl1ll-infe:;tec\ soil after the 
transfer to the higher temperature. After 16 days, further observations were 
made on stand, and the plants were then rCllloved from the soil by washing. 
Tho:>e grown in sterilized uniufested soil were 5 to H inehes tall and had a mass 
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of white fibrous roots. Those in the unsterilized soil and also those in the inoeu
labed sterilized soil, with the exception of those inoculated with cultures No. 331, 
350, and 600, were much smaller and had roots that were discolored and limited ill 
extent. The plants that emerged in P!/tldnm-infested soil after the transfer to the 
warmer greenhollse were small and stunted and had very few roots. 

Another experiment involved tests of the pathogenicity of a number of fungi 
isolated from ungerminated seeds or diseused plants removed from Manhattan 
soil, in comparison with the pathogenicity of pure cultures of sOllie organisms of 
the same genera from other sources. Separate lotg of sterilized Manhattan soil 
were inoCUlated with eight pure culturcs of species of Pythium, obtained from the 
Division of Sugar Plant Investigations, along with two isolates of PylitiulIl, two 
isolates and one pure culture of Fu.mriml!, five isolates of RMzoPIlS, five isolates 
of Penicillium, three of Altcrnatia, and one of Asperllillus. Ullinoculated sterilized 
and unsterilized soil fro III Manhattan, Kans., served as controls. The inoculated 
soil was kept at 25° C. and a relative atmospheric humidity of 90 percent for 5 da\'s. 
Seed of Spur feterita, treated with forlllaldf!hyde as before, was then planted' in 
three separate portions of each of the above lots of soil placed at 15°, 20°, !tnd 25°, 
respectively, and left there until them wail no further emergellce. The data on 
emergence are shown in table 19. 

TABLE 19.-1~fTcct of soil te1ltlJcraiu'Tc on c1I1crllcnce of Spur felcrita fro.m for1l1al
dehyde-Iteated seed -in soil fro'/ll J1'[anhatian, Kans., ullslcrilized and sterilized 
and inocula.ted wilh various fungi 

Emergence nt-
Inoculum "dded to soil 

15° C. 20° C. 25° C,
-----------------------·1----------

Percent Ptrce"t PerC'lItNone (tontrol in storiIi?1'f1 soil) ••__ •• _______• ________.. ______________ ._. 74 7·1 87 
Non~ (control in unslNllizeri soil) ,. __ •___._._. _____••• __ ••• ________ •_____ . 5 21 75Pylhilullllrrh(1)omullcs No. 70~ ~ .. _._ .. _~ ______ .. ___ ..__ .. _________ .. ____ .. ___ ...... _ o 9 42P. blllleri No 72 ... ____ •__• __ • ____ ••. __ ._._•• _. _____•__..________ ...__••. 7 41 6.';P. COlll1J/ellS No. 7:J., . __.... ___________ ~ _____ .. __________ .. __ .. ___ .. __ ___ _R ... ... _~ ~) 8271P. drbaryauu.m No. 74 _____•____• __ • ___•___ ._. ___ •• _••• __ •••• _•• ___ •.•••_ o 11 45
P. di.'J80ioClLl11 No. 75 ~ .. _____ ... __ ..... _~ .. __ ..... __ ........ __ ........ _.... .,. ......... _.. ~ .. _.... _. 13 59 70
J:>. (lra17lh;i('o1f~11l No. 7G .. ___ ~ __ ", __ ~ _______ .. ~_ .. _.. _.. ___ ... ___ ..... ______ ... __ _.. >- __ 17 31i 67P. 111aJiJiffafu11l No. 7i _______________________ M ______ .. _.______________ .. __ .. o 31 72P. ulti1llum No. 78 ._ .. _._______ . __ ._....____._._._._______• __•.• ___ ••__ .. o 4 49
Pythiu7t! sp. No.2' ,. ' •• ____ • __• __ ••..•• __ • __ •• ___._... __ •.__ •• ___ ••• _•. 2 6!)12 

(.1 r.~ 64~:~;~!~::1,~~ ~g: ~g: 3~A !_:==::::::::::::::::::::::::::::::::::::::::::::::: 13 65 77 
JI~. CUll1l0rtL11l No. 303 3__ .. __ .. __ .... ______ ........ _____ .................... ______________.. _. 
 1 62 8:1
Alternarill sp. No. 200' , __________ • __ • __ •__•••••• _••• __•__ •• _._. ______ ._.~ 61; 75 84Alternaria sp. No. 201 1•••_•• ______ • _______ • ____ • __________ • ___ • ____ •.___ • __ 71 GO 71Alternaria sP, No. 202'. ___ .••• __ •_______.• __ ••.• ______•••• _______ .• _____ _ 70 87 70
A"IJfmilllL11 sp. No. 501 '.. . ._ ...._____ •___ .• _....__ •__ •• _._._.____ •___.• _ 7·1 78 81
Pe"icil/ilt1ll oxalicu11I No. GOI .••••••••••_. __ ••• _......___ ._. __ •_____ • ___ .. 5:l 71 8\ 
Pellicillinm sp. Xo. (i00 I . . ' _............ ..,.. .. _.... _......... __ .. _... ___ ............. ___ .. ___ .. _____ ~ 74 75 7S

}:)en;cilfiul1t. Sp. t\o~ 602 1..... _ .... __ .. ~ .. "_____ .. __ .. ~_ ~ ..... ___ ._M .. .. ________________ 7·1 85 73l'cnicillill'm sp. 1\0. (i()~ , __ • _______ • _______ •••••___ •• __ • __________ • _______ _ un (i9 82Penicillium sp. No. ()()·I , ________ •__ ._.__ ._. __ . ___._..___ • ________________ , 69 71 84Rhizol'u.s sp. No. 1200 1•• ______._. __ ••• _.... _______ ._._..._______ • __ •• ___•. 74 7S 90 

71 7R 84~~I;~~~::~ ~g: ~~: l~i :::::::::::::::::::::::::::::::::::::::::::::::::::_ 7fi 70 89RhizQ]lWl sp. No. \203 1. __•• _. ___ •• _•• ___ • _____•• _____ ._•• ________._. ____ •• 62 62 73
Rhizopus sp. No. 120.1 1 • ___ • __ ••• __ • __ • ______ •• ,_••••• _. __ ._•• _._._ .... _. (H 75 83 

'Isolat('d rrom (,IIlIlt.SJ(rcJwn in SOIl rr01l1 ~lntlh3It"ltl. Kuns_ 
• lsolnte!l rrOlll seNior frtNita lind Inter identified fiS F. ClLtmorUIIl. 

3 Isolated rrolll whent plunt. 


All the species of Pylithun greatly reduced the percentage of emergence at 15° C., 
and fOllr of thelll inhibited it entirely. At 20° tIll' efTect wus lcss severe, although 
P.111l'immn Trow., P. arrheno"lllunes, !tnd P. deb(lr!/anu1I/. Hessc reduced emergf!llce 
to 4,9, !tnd 11 perc:ent, fl'spectin'ly. Even at 2.')°, with OIlP exception (P. ColltlJlcns 
Q. Fischer), there was un IIppreciuble reductiun in elllergencein the Pyl!t£ILm.
infested soil. 

FWlIl'Ti1l1/l. cultures 303 and 3riO werp very illjuriolls lit 15° C., Illld cllltllre 301 
WIIS Slightly so. Alternaria Clllltllfe 200 spellled to be 1'(,lIlewhat harnlful at 15° 
and culture 201 WitS 1Il0st harmful nt 20°. AS7JCrllillus culture 501 produced 
DO apparent injury. 

None of the Pell1:cilliwl/I. iRolates had /Lily pronounced effect on emergence ex
cept P. oxal-ic;ulll, which uffecled it :5ignificalllly onl.\' at 15° C. But mllll)' plants 
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succumbed to wilt at all three temperatures soon after they had emerged in tha 
soil infested with P. oxalic1I1Il and isolate 604. Thc two other Penicillium isolates 
seemed to cause but little wilt. 

The different Rhizoplls isolates, possibly with the exception of 1203 and 1204, 
showed 110 significant effect, 011 emergence. 

The differences in emergence in uninoculatcd soil that had been sterilized or 
not sterilizcd werc very pronounced, eRpecially at 15° and 20° C. 

After the plants in the Ji'1ISC1T"iu'IlI-infeslcd soil and the Penicill£um-infested soil 
had been removed, thl'sl' 10tR of soil wel'e sic\'ed to remove thc ungerminated sceds, 
care being taken to disinfect h:lndH and implement;:; so II:;; no(, to spread inoculum 
from onc soil lot to another. Thc ~oil was brought to the proper 1I10istlll'e content 
and 100 seeds of Fipllr fetel'ita were planled in each lot. Thc sl'ed planted in cach 
lot of PC1l'irillilllll-infl'Hled Roil was firHlo dll~ted with spores of the same fllllgl':; 
origilllLlly used for inoculating thnt lot of soil. Likewi>,e, the seed plD.nted in the 
soil infested with Fusariu1II culll/ormll (So. 350) was inoculated with that fungus, 
",herea,s thr seed ]llanted in tll' ~()il inf('I"INI \\'ith FlI.~arivlll cnltllrcs 301 and 350 
was not inof'ulnlrd. t·ninoeulaled s(('rilizrd soil II'US included for comparison. 
Three (emperatllres, 25°, 20°, and 15° C'., werr af,!;ain used. Data on tIle per
centnp;cR of PII1('rf,!;eIlCe amI on the number of plants that subsequeutly died arc 
showll ill table 20. 

TAHLF: 20.-Effect of ,~oil /(,1117)('1'((tllrc on I'lIIerllrnrr and .~li1I.~eqllcnt srN/ling Might. 
ofSllllr /r/el'ila from seed inocula/cd 1l'ith PenicillilLlIt S]Jp. and fi'lls£lriu))! spp. in 
soil inJested with the Tc,~]JCdil'e IUllyi 

llno ''''etl~ phnte,1 in rneh lotI 

Slecllill~S 
i 
I---~"--"'-----< ,of '~ ~------

Fungiu$(,tI fur itwt'nlnliQIl I l<:lJll'rl.':rd nt - ! 13 )(hl('(1 nl.

_______.________ i~_~~o_~:_:L:~~(.'·_L~~~_ ;--;5~(" .!_:i~~~-·_-,I--~-:--:-··--
! PeTerllt 1 P('rrrT~1 I Perren.' 1.i.\"'ltmbc~ J.Vumbe~ i J.\"umber ~If 

NOlle (('II/llrnl in s("rill7.<',1 soill. _•• __ -". till i hi , ~5 1 I;, • I " 
l:t.n~('~I/~u1lt o[(lli~~t'1n :\'0. ftOL~ ~*~~~ .. ~" -~~ 41 4S S·' I .. 44 705 
Je'tl",llwmsp.~(J.ftO{l. ~._.~~"~.~~ .. ~ t f~1 00 0: .5 12 
Pf.'Iii.·illilllll~p.Xn.(j(J'.L ~.~.,_~~.~_ .• ~_.,..l 20' 7,1 92 t 20 30 50 
J'e/ddlliIPII$".x~.r~J:l" __ ·-'_' __ · _____ '·1 30 " un 20 [,(J 62 

1,:~~~1/a/~/~I~:';;';'~;1/~~(). :10:1 •.-.:-:::.-:.:::- Ih i ~I ~~ _. ____ 16 1~ g~ 

I
Fwmr;ullt $Jl, ~o~ i'/)I 1 _ '~M .. h" ..... ~.. ('I~I J Ii, 7~ 12 2, 30 
F,umriulll sp. Xo. 3~O l ". ~-. _" ,.~~~.~t ;.2 1 1m ~ 8~ I-I 24 3Sl 

l S('ed not Iuocul.tted. 

1110Cllla(illp; the I'rrd hC'lwil,r with l'pOrrH of Pl'nil'llliulII spp., or Flls£lriwn cul
mOrLUII, in addition to til(' inorllhllll :tlrcad.\' ill llH' ~oil, J'('Hultcd ill !ir\'crc reduction 
in ellterf,!;cn('c ut 15" C., a ('on:·dclC'mh!!' reducli!J1l in three cu~r:; al 20°, und, in the 
casc of PcnirilftUlII, no apparellt clrpcl at 25". MORt of the plnnt" thut. emerf,!;ed 
in thc Penidllillltl-illf(~H(cd f>oil lit llio, ILlonf,!; with 1111\11.\' at 20° alld 25°, later died 
of will'. A ('()IIHidr~mhle 1I11111her damped 011' in the FU8l1rillm-infested soil. Sillce 
a IIl11nber of lhe p1/LlIlH ill th(' cOlltrols also died, it npPcllrs tlmt either the soil 
became Romewlmt cOlltnlllinu.{pd 01' the f'rcd" eUI'I'ird sOll1e organislIlS. 

Ex(rllHive puthogenieil,v t.('s(s of the isolatpll froll1 ~oils othcl' than that from 
rvlnnhntLHn wcrc not I1t tpmptcd. A f(Ow hl'ief t(,HtH \\'rre mudr of a rcpreselllnlive 
numbcr of them, mostly Pythium, Fusariu/Il, PrmidlliulIl, and AS7Jcryillus-spp., at 
20° C., along with a fe\\' ~el('l'o(iulll-forminf,!; fungi and ot her miscelltllteOIlS isolntes. 
j\fost of the Pythiu1//, isolalrH grcatly reduced ('I11PI'f,!;cnce at 20°. A 1I111l1ber of 
Ji'1Is!l'1·iu/Il e~lltllreS calls('cl son1(' rrduelion ill rmergcnce and :tl~o sOllle postemer
gence da.mping-otf. :;'\onc of the Pen'icilliulII isolates tested iwemecl to nffect 
cmcrgence, bllt three of them caused most of t;he young seedling;; to wilt, \\ lIile 
five others were less severe in this rpspect. Thp r('~t, seemed to be nonpnthogenic 
in these tests, ILS a11;o were the A'~7Jel'gWus isolates and the sclerotillm-forming 
fungi. l\lore extensive test.s, IIneler a wider rIlllge of environmental conditions, 
might, hn.ve yielded 11101'(' positive results. On the who11.' it, seems that, in the 
soils slurlied, spceirs of IJyc ldu1II, proilahly more than nlly otlu:r orp;anisms, were 
responsible for poor emergence ill sorghum, e:;;pecittlly at lower temperatures_ 

, 
1 

i 

! 



22 TECHNICAL BULLETIN 839) U. S. DEPT. OF AGRIGULTURE 

Pylhiurn debaryanwn seems to be the type most frequently encountered, although • 
other species were present and undoubtedly played an active part in both pre
emergence and postemergence injury. Both of these types of injury in corn (5) 
and in sorghum (1) have been reported to be caused also by P. arrheno11lanes. 

Next to species of Pylhilllll, certain suecies of FliSari1l111 probably are most 
important in preventing emergcnce and in causing damping-otr. Seed treatment 
was far Icss effective in soil infested with species of Pythilllll than in soil infested 
with Fusarium spp. 

MISCELLANEOUS EXPEHOIENTS 

Although Pylhiu1n spp. and FltSarillll1 spp. arc generally recognized a.'5 being 
able to pa'rasitize plants, species of Rhizop1ls, Penicillilllll, and .i1.~p(!l"gilllls are 
usually considered saprophytic. The mechanism by which these fungi cause 
seedling blight has not been fully determined. .Johann et al. (6) show that 
Penicilliu1n oxalicll1n, which "ii' essentially saprophytic in habit," can cause corn 
secdlings to die of wilt even in the fifth-leaf stage. It docs this by producing 
oxalic acid, which weakens or kills the host cells in advance of the penetrating 
mycelium of the fungus. Aspergillus niger al;;o h; known to produec oxalic acid 
(11), and presumably its action lllay be ~ome\\"hat f;imilar to that of P. oxalicum. 
It might be assumed that RhizoplI.~ and other nonpnraRitic orgnniSIllS al~o Illlly 
produce byproducts that break down living cell" ill ndnlll(,(' of the Illycl'lilllll 
and thus enable such fungi to attnc:k the plant ti~SlJ(~R saprophytically. 

To determine whether certain Rpecia~ of RhizoPIIS, Aspergill1ls, and Pcnicilli1l1n 
can retard the /!rowth of youn/! Rorghll1l1 sCl'cllings, selected seeds of Spur fcterita, 
sterilized for 111 hours in a 0.5-perceni solution of SemeSall, were placed on 
slants of nlltrient agar and the' seedlings grown aseptically until the beginllinp; of 
the second-leaf stage. Five separate lots of 10 I'ee'dling:< cach were selected for 
equal size and vigor. QIIC lot of seedlingR was left un inoculated, and the other 
fOllr were inoculated with Aspergillus niger, Penicillilun oxalic1I1I!, Rhizoplis 
nigricans, or R. Iritici by placing sporcs of the' respe'cLive fllngi on the agar Rllrface 
at the bases of the seedlings. Aftcr 7 daYR fi \ll' n \'erngc seeclliIlgR from each lot 
were rellloved. Most of the inoculated plants we're inferior to til<' Ilninocllinted 
cOlltrols in Rizc and root development. Their failure to produce nllllIldant root
lets was especially noticeablc. The other fivc srecllings in ca('h grollp were 
transplanted to 2-inch pot.;; of sterile "and nJ1d werc watered with a balanced 
nutrient solution. After IS clays the fi\'e IlninoclIlat('d plants ranged frolll 34 
to 37 cm. in height nne! were growing vigorously. Three of thc Rccdling" inoculated 
with R/tizoplls nigT'lcans and ('\\'0 from each of thr other inoculatcd lots had died. 
The rest of thc inoculnted seedlin~s ranged from 10 to 28 Clll. in height. Those 
inQeulated with R. nigricans, R, Irilid, A. niger, and P. oxaliclllI! averaged 18, 
18, 2-1, and IS cm. in hei~ht, re;;pectivel)'. 

The effect of thc byproducts of some of the!"c fungi on the growth of sorghum 
seedlings was demonstrated by growing sGedlings u;;rptically ill tubcs of agar in 
which tllese fungi had been grown, thc clllturl'" ha\'illg hern a\lt.oclan~d to kill 
the fangi. S(>edlings were grown al::o n;; controls on tubeR of clean agar. The 
seedlingI' were grown in thc tubes for 12 days, when they were removed. 

Thr seedlings ill the controli4 ranged from 5 to 10 cm. in hright, with an aY(>rnge 
of 7.3 cm., and their roots werr well developed and abundantly branched. Those 
grown in the tubes contnining the remaiIli4 of thr autocla\'pd cultureR were II1llch 
shorter, the a\'erage length of the tops being 4.5, ii.i, llnd 3.1 Clll. for the by
product!,; of Rhizopus nigricans, R. trilici, find Penicill'l1tm oxalicltln, rcspectivcly. 
Thr main rool.,~ of tll('!-'e' wpre poorly deYelopcd and had relatively fe\\" branches. 

The agar in the tub('$ in which ,,\sprrgilllls niger had hcen grown failed to 
harden afrltin nfter !\lItocltl\'ing, unrla SIlHtll alllount of frc.,h sterile ngar wn.~ added 
aseptically to e'aeh tube to harclrn ihc agllr sufficiC'lltly to permit tlll' growing of 
sorghulll seedlings ns ill the other lube;;. After 2 wrck" til(' I'epdlings in thcse 
tube.q \VerI.' les!" than 2 Cl11. in length llnd werc allIlo~t without roots, wherea;; the 
10 ('ontral seedlings averaged o\'er 10 cm. ill length and had abundantly branched 
roots. 

The ability of thaqc fungi to inhihit gcrmination or emergence or to Cal!iie 
aborted scedlings could easily be the result of their atta('k on ancl depletion of 
the food supply in the seed, especir.Jly whell thc se('cI coat is injurrd suffi('iently 
to give thc fungi ready acces.~ to the endosperm (8). rnder conditions that are 
more favorable for the growth of the 5aprophytc,<; than for thc germination of 
the seed and growth of the seedling, the food supply in the endosperm may be 
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e:l~ austed by the fungi before seed germination has progresstd sufficiently to make 
the young plant independent. 

The effect of injury to the seed coat on emergence and subsequent growth WllS 
demonstrated by an experiment in which 200 selected seeds of Spur feterita, after 
having been dipped ill alcohol and then sterilized in Hyclorite for olle-half hour, 
were nicked with a flamed scalpel while 200 similarly treated seeds were not 
mutilated. Four pam; of sterilized soil (about 50 percent saturated) were each 
divided into two sections with a tight metal partition, and 50 of the nicked seeds 
were planted in one end anci 50 sound seeds ill the other. In two pans all the 
seed::; wore heavily inoculated with s]lorc.~ of Aspergillus niger, but in the other 
two no inocullltion was used. aile inoculated and one ullinoclliated pan were 
kept at each of two temperature!';, 20° and 25° C. The data on emergence alld 
the percentage reduction in elllergence from the nicked seed, Luken over a period 
of 6 days, are sholl'n in table 21. 

TABLE 21.-EJJect oj nicking the seed (lnd inoculating it with A.~pernill'us niger on 
emergence in 8puI' jelcritn (Ierminateei at two IClnlJCmiul'cs 

[50 Set'<iR plnntell in cnch lotI 

Ern('rgenrl' rrorn Sl'rd------1 Hcduclion due to nickinl!Period ---------- seed when-ITempernture (DC.) nrtl'r j l'llinocuillll'!i 1I11t1- Inoculated nndplnntillg ' ____ _____,___,______1_____-,--____

'I Soun!! I 
~ 

Kicked Sound I Kicked t:ninocuinted lno('ulntctl ____________,___,__,___,_________1_____- ______ 

DIlYs Pererlll I Perccnl Percenl Perce'nl Percelll Percenl 
3 04 I 80 80 -10 1-1.9 50.0 

25..___________________ . ~ E;lj ~:; ~ ~~ 1~: ~ ~~. ~ 
{ 

on 80 !JO 72 10. ·1 20.0 
7S -In ns a~ -11.0 .,2.0 

7 8,1 m 7S 42 2$, Ii -Iii. 220, _____________________ , 8 84 70 RO flO iii. 7 a7.5 
{ 

9 00 74 is I 52 li.S 33.3 

------------~--~~---~----~--~ 

Even in til(' ab~elH'(' of inoculnlion, a slight injur,\' to the !';eed cauRNl a reduc
tion in 1Il(' amolll1t Ilnd l<pec'd of (,lIIer~('nce, ill part pO~Ribl.l' becallse of incomplete 
Heed sterilization, bill the rrductioll wa;; II1llrh grl'aler when the seed was inocll .. 
JaiN!. The plants from l'ollnd unino!!lllatcd and inuculated seed avcraged 5 and 
4,~ illcheli in height, respecti"ely, wherea..' the cOI'l'e;;ponding figures for plants 
from nicked seNI wcre 37~ iHld 21~ inch('~. 

The inoclllatpd nick('d seed" that wen' rl'coven!d from the soil were found cov
ered with l1\,\'c(>lilllll and spores of '·\.~7)!'r(Jilltls 'Ili(Jrl'. i\~yeeliull1 was found to be 
invading the endo~p!,\'Ili, which in 1l\0~t eas!'s was di:;color!'ci Ilnd disintegrating. 
The un illoculakd nicked FeNl", with few exceptions, were :{UU clean and the c\ldo
lipermR \\'ere ~olid and \\'hite. 

A similar experilllcnt WIlS carried out 011 a somewhat larger sen Ie, and included 
Aspergillus niur.r und l<ix othcl' fUllgi. '1'\\'0 thou~and cllrefulIy !'elected seed~ of 
Spur feterita were sonked in water one-half holll', then in llycloritn for 1 hour, 
and dried without. being \\'ushed. A germination fcst 011 moist blotters showed 
the trcuted secd to 1.)(' 88 percent viable. lIulf of the l'eeds were then nicked, ItS 
bcfore, with a sterilized iirnlpel. 

Sixteen slIlali pans of soil were sterilized and ench was diYidec1 into two part.9, as 
in the Jlrevioll~ expel'imClnt. Two of theRe pans w('re left IlIlinoculated fol' con
trols. Ilnd the lieed or lh(' !'loil, or both, for two cuch of the others were inoculated 
f;eparat:ely with one of the follo\\'in~ ;l('ven fungi: .'1.~7H'l'fn'llus niger, A. jlav/ls, 
FlI.~(lri1t7n culmorn'llt, /I'. 'lltonilijorme, PIJnicilliu'/ll, eX]I(t IIS'll 1/1., P. oxalicwn, and 
Sclerotium ba/ali('O{Il. Nic\(pcI and Round Heeds w('('e planted in cach pan on 
oppoi'ite sides of the partition. Uninoeuillted nicked and sound seeds were planted 
in uninoculated !;oil as controls. Two t.empemlun:s, 20') and 25° C., wcre again 
used. l'eriodic emergence data \\'ere takell until the:' maximum emergence was 
recorded. Later a count was lIlade of the dead 01' di,;cufled plants. The resulting 
data are shown in table 22. 

At25°C. emcrgel1l;e from inoculutedsound sccds I\'H~ from 4.310 '17.8 percent less 
thall from similar uninoculated seed. und elllergCI1I;e frolll inoculated nicked seed 
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was from 8.3 to 69.4 percent less than from the corresponding nicked control~. 
At 20° the correspondinl!; percentages were 0 to 85 and 59.5 to 100. Fusarium 
moniliJorme and Penicillium o:calicu.m were e~:ceptionally injurious. In every 
case the percent.age of emergence from nicked seeds was considerably less and the 
percentage of plants tha~ subsequently died of seedling blight was greater than 
that from the correspondlllg lot of sound s!::eds. 

TAJ;I,E 22.-EjJecl oj seed-coat in,illTY and l:noculation oj seed or soil, or both, with 
cultures oj lJariOll.~ fungi on emergence and subsequent seedling blight in 81J1lr 
Jeterita grown at 20° and 25° C. 

QROWN AT 25° C. 

Emrr~rnce from He,lucti()u in !'mergeure Finnl stnncl nnll hlightcd seedlings 
seeds thllt WCI'C- r()1I0win~- from
------ _._------

Or~nnism used liS I _. SOl/nil SCCIl_1 Nicked seedInocullltion 1inoculullJ 
Sound Kickcd - -I~- . Syrll . 

Round I Kirkl'1I lII)ur; • Stnnd Diseased' Stand Disensed' 

---1---~I-~I---------------. I I 
Pererni Perre1li Percenl Pera1ltPerce,~_t! j Perce_,n_,! ~~ce~t 1~~c.rCC~l_t_1 pcr_~le.'~,tNonc (control) . __.....' .......... 80 13.0 50 aD. 0 

Fu.mrilL1I/. clIlmorllllL _. 88 flol .1. 3 11. 1 27 :l G~ 22.7 ao 4:1.8 
P. moniliform, ••. _ fl4 40 30.4 44.01 a7. ,i Hl R·I.·1 () !O(),O 
,<'clerol;llin/lIIll/iI!'o/" ,,__ 88 1i0 ·1.3 Ill. 7 :11.8 74 l[I,IJ :)() 40.0 
.·l"per!lillll., 1Iiyer. _.".. g·1 ali 8.7 R.a 21.4 (;4 2:tR 18 i2. ; 
.II. jlU'I/l,,"1 "_ ~ 'is ·1~ 15, :.1 :lao a as. li .sn 2K2 18 f32.5 
PeniclllilLm o.rulicltlll ~. ·IS <)(1 f 47. SUD,·1 :).1.2 !{2 :la. a .j 81.8 
p. apallSllIlL .... -.... 74 4ii I W.O :la.3 au. 1 40 45.0 10 ;0\2 

(lHOWK '\'1' 20° O. 
_. 

Kone (contl'oJ) ., .... ". c'O! 7·1 -_. ...... i'kD jil 12.,; GO 18,0~ 

Pusurium rulUlorllm~ ~~ .. 5·1 I ](1 :i2.5 sn.5 81.5 .1-1 18.5 S 20.0 
F.lIIOlliliforme _... _ 12 n S5.n 100.0 100.0 4 GG.7 I)'r ......26~tiScierolilLlIIlmlulitola ..... :1O 5.n 51).5 liO.!i on 1:1. 2 2-1 
A.lpergll/us niger._ ...... ~~: ! ~n .. 7.5 7:1. () in. 7 118 ZO.\! 10 50.0 
/1. flatu.,. ... ..- _.• ,_ ~n 1 311 0 Tll, [j li2.[J i·' 7.5 20 3:1.3 
Peuicillium QJUliClL'llL ." .. :10 I 0 f.2.5 100 () I(lO 0 2·\ 20.0 0 --....50~OP. e.lp(l71S11'llL.~_ ~ .. ___ ,.~. 70 . 4 12.•j U-I.3 !H.:! fi'l S.U 2

I 

, nllsed ou cmerp:ell('p of IIninocullllcfl control. 
, Bused on emcrf!cnc,' of sound s(,NI as ('ompnl'ed with that of nicked Solcd. 
3 Bused on illitinl (llIll'I'g:CIlC(, In cHeh caSt' compared with IiIll\1 stand. 
4 Increase over control. 

In a second similar series, an addiLional 100 Round and nicked seeds were dllfltod 
with copper carbonate before being planted at eaeh tempemtUl'e in each lot of 
inoculated soil along with uncluHtcd seeds. Dala on emergence and on subsequent 
seedling mortality are shown in tubl!' 23. 'Yith few exceptions, injuring the seed 
coat again aggravated preemergcnce injlll'Y by the dill'erent fungi, although a few 
of thcse reclllclions in emergence \\'er(' loo small to be considered Kignificallt. This, 
it is thought, can be attributed to the lack of sullicicnt inoculum in these cases. 
Dusting the seed with copper carbonate, wit;h one excepLion, improved emergence, 
the p;reatest benefits being to the nicked seeds. It also reduc()d the percentap;e 
of subsequCllt Reeelling blight in the inoculated series ill 12 of the 14 cases ab 25° 
C. and in 10 of the 13 CI\HCS at 20°. 
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TABLE 23.-Effect of seed-coat injury, inoculation with various organisms, and dust
ing the seed with copper carbonate, on emergence and subsequent seedling blight 
in Spur feterita at 20° and 25° C. 

GROWN AT 2.~o O. 

Emergence from sccd- Blighted seedlings [rom sccd-

Organism used as Treated Untreated 'rrented UntreatedIinocululll 

Sound Nicked Sound Nicked Sound Nick('d Souud Nicked 

Percent Percent Percent Percent Percent Percent PercelIl Percent 
None (control) ••••.•.• !l4 80 80 $1 2.1 4.0 :l..J 8.4 
Pusurittm Clllmorum ... 70 70 08 on 15.8 37.2 44.1 42.0 
F. moniliforme •••• _ .•• 78 70 00 '.!B 4:J. 0 57.0 78.8 112.0 
Sclerotium butulico/a... 76 70 OR ,12 10.8 17.1 2'J.4 '.!B. 0 
A~llergillus 7liyer•.•••.. 70 U4 7·1 52 2i.O U1. 5 28.0 81.3 
A. jlal'lt.'i ____.~ . .. ___ .. __ 88 74 82 74 11.4 50.5 24.4 51.4 
PClIiciliinm o.ralicum__ 00 00 4R 14 20.0 40.7 54.2 71.4
P. tIluz'nsu.m _________ 8U 84 70 70 11. 0 47.6 7.0 42.1 

A vcrngc_________ 7i.l 68.0 --'1s.ol-;l.O 40.S71.1 38.2 58.7 

OIWW~ A'.I' 20° C. 

Xon~ (controll __ •.•.•• 1 90 82 70 70 4.4 9.8 15.8 20.0 

Fusarium culmonlm .... 74 72 52 40 8.2 52.8 3U.S 45.0 

P. moniliforme _.•_•..• 0·1 58 28 16 62.U i!l.3 100.0 100.0 
Sclerotillm batrtlico/u••• 72 04 US 20 JO.4 50.0 2\1. -1 :l8.5 
AspergilllLs "iyer._ ••••• 84 50 00 30 In.O 71.4 40.7 00.0 
A. j/avlls.............. . 82 -0/. 70 00 ].1,0 5.1.6 15.2 02.0 
Pellicil/i!l1n OXaIiCll7l1•.• ·Hi 0 20 0 n5.2 ]00.0 70. 9 .-.---.-
P. CIpun.'Ilt1IL. ____ ... __ 7·1 r,1 fH 00 10.0 ~l. :l 12.5 71.0 

Average ......... ----ru:ol- 5.1.1 ~ -a:t.o ~ ----n2.O ~ 60:4 
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