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SUMMARY

Tho production of sorghum, one of the important war-emergency
crops, 1s scriously handicapped by poor stands., Up to the present
time, these have been attributed almost solely Lo unfavorable environ-
mental conditions. Studies in the greenbouse and laboratory, how-
cver, show that sced-borne and soil-inhabiting fungi, combined with
certain environmental conditions, are largely responsible for poor
germination and emergence of sorghum plauted in the feld.

Species of Alternaria, Fusarium, Penietllivm, Aspergillng, and’
Rhazopus were found on seed in great abundance, and other fungi less
frequently. Virulent strains of Fusartum moniliforme and Penicillium
ovalicum were isolated from  diseased seedlings grown in steam-
sterilized soil, showing (hal these {fungi e sced-borne,  Species of
Fusartum, Penicillium, fhizopus, and Aspergillus, whon used as
inoculum, at times reduced energence and eaused subsequent seedling
bhght, especially at 15° and 20° C.  Although seeds frequently were
blackened with spores of dilernaria, culluces of this {ungus showed
little evidence «f pathogenicity on sorghum.

Sotl-inhabiting fungt, on the whole, reduced emergence more than
did seed-borne fungl.  When sterilized seed was planted in samples of
unsterilized sell from the Arlinglon Farm and from six statiens in the
Great Plains, emergence was very poor, especially al low temperatures.

Isolations made from ungernimnsied seeds, aborted sprouls, and dis-
eased scedlings, Laken from unsterilized soil, vielded speeivs of Pythium
most frequenty, with speeies of Fusariwm uext in ordor of oecurrence,
Nearly all isolates of Pythiuwm proved extremely virulent and inhibiled
or drastically reduced emergence at the lower temperatures, This
was true alse of purc cultures of cight species of Pythium, obiained
from ether sources.  Pythium {requently attacked the young nlumule,
thus inhibiting emergence, or destroyed the mesocoby!, seminal root,
or subcrewn rootlets before the ecrown roots developed. Species of
Fusarium isolated from the soil showed mueh less pathogenicity than
did species of Pythium, and also responded more readily Lo seed treal-
ment.  The pathogenicity of the isolules of species of Penicillium,
Rhizopus, and Aspergiling varicd with the quantity of ineculum used,
the condilion of the seed, and the environmental condilions after
planting.

Although slight nicks or culs in the seed conls cnused some reduction
in emergence from uninoculaled sterilized seeds planted in slerilized
soil, much Inrger reductions securred when such seeds were first inocu-
Inted with certain fungi. This shews that sced-coab injuries, very
common in threshed sorghum, give {ungi ready access to the endo-
sperm,  Thven saprophytic fungi were thus able to reduee emergence,
presumably either by depleting the food supply needed by the young
seedling or by producing Loxing that tended Lo mhibit its development.
The latter possibility was demonstrated by the {allure of sorghum
seedlings to develop normally when grown on potato-dextrose agar
that had been sterilized after culbures of species of Rhizopus, Penicil-
Jiwm, ov Aspergillus had been grown on it.

x
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Technical Bulletin No. 839 . June 1943

Seed Rot and Seedling Blight of Sorghum'’

By R. W. Levxny, pathologisl, aud Joanx H, Marwrin, sentor agronemist, Divigion
“of Cereal Crops and Disenses, Bureou of Plant !ndus!rrr, Soils, and Agricultural
Ingineering, Agricufiural Research Adwminisiration?

The experiments anil resnis reported in this technical bulletin are considerad
important at this time. Since 11 is printcll nnider war Ln::lliliﬂns, when paper,
labor, and machinery are searve, amld time itsellis al a premimm, ceclain liber-
tiez Trave been taken with the form ukud“) olowed by the Departmeat of
Agricultore in scientific publivations.  The snuunary is placed at the hegin-
ning instead of at the eml, s the discnssion of rt"-nflq 15 ¢ombined with “lhe
intraduction.  This compuet fromt muatier, which will give any reader a quick
grasp of the work and its practical dmplications, is |-r|nlul in the usiad 10-
point type,  The more detailed deseriplions of experiments {ollow and are
printed b B-point Lype. Do addition o this merhanical saving of space, the
lll‘St’l‘l[}ll\’C material has been presented as brielly as seems vonsigtent with
retaining ity seientific value.  The illusteations Imvu;, bheenn onmzitled.  The
wolerance of readers for 1his wartime arrangenient is soliciled,

Gove llavsincs,
Agricefinral Researclh Administeation,

CONTIENTS

Iage
Inirpduction and disrussion of resulis Expecimental resnlis—Conlinued,
ligview of Lhe losuure . o o.oa. . : Ser -horne grgnndsms o drmmm i mmmamena
Alaterind aned methme Soil-hgrue organisms. - . ..
Experiwental resuis Miseellaneous t..\perimcms ________ PO
Lifteroture piced. .

INTRODUCTION AND DISCUESSION OF RESULTS

Sorghum (Serghum rulgare Pers) is an important war-emergeney
crop. 1t is the basic forage and grain feed erop in much of the Great
Plains region.  Certain varieties of sorghum are being processed
L.‘.’lEHSI\‘(‘IY for sirup and aicobol and have possibilittes us a source of
cane sugar.  Also, the seed of several domesiic sorghum varicties
contains a waxy starch that is being used n [oods and adhesives to
replac: wapioea starch, made unavailable by the war,

Vsulanitied for poivieatinn Moy 1042,
e writers pralefuliy ackpawlelpe the sesistance gfven by Aline . Kemntan, lormerty fualor patholo
gist, Division of Cerenl Crops atnd [isenses, In the isolation nid iventificution of soil-borne luegi,
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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 parés of
fields one to three times is not unusual, In normal times this waste
of seed and lepor lessens the profits of the farmer. In wartime, it
also curtails an important erop. Information regarding the causes of
poor stands of sorghiim and mcthods of improving stands is much
needed. -

The burying of sceds by soil washed into the lister furrows and the
crusting of soil have been generally regarded as almost the sole causes
of stand failures. Howcever, in the greenhouse experiments deseribad
herein, seed-borne and soil-inhabiting fungi arc shown to be capable
of inflicting severe injury on germinating seeds and young seedlings
of sorghum. That poor stands of sorghum under feld conditions
may also be due to such {ungi seems evident from the following consid-
erations.

Sorghum sced shown to have high vinbility (00 percent or more)
in laboratory tests on blotiers or in sterilized seil Irequently showed
e rclatively low germination (50 to 70 percent) and o high percentage
of blighted secdlings in unsterilized ficld soils or when grown under
other unfavorable conditions (72, 16)* This is not true of equally
viable secds of certnin other cereals of which good stands are usually
ebtained and which are known to be less susceptible to attack by
rot-producing fungi at low temperalures than are the soft seeds of
sorghum.

Sorghum stands usually were greatly improved when these harmful
organisms were partly or tetally eliminated by sced treatment or
soil sterilization or both. On the other hand, severe reductions in
stand, especially at lower temperatures, either because ol poor germi-
nation or seedling blight in sorghum, usually followed inoculation of
seed or soil with gultures of certnin fungi isslated [rom sorghum seed
or from soil.

Beed decay and seedling blight were greatly aggravated when the
fungi had ready access to the starchy endosperm through breaks in
the pericarp, although in solt-seeded types, such s feterita and he-
gor, invasion directly through the sced conts is not uncommeon. This
mjury was not confined, as might be expected, to fungi laund only in
soil in which sorghum had been more or less continuausly grown, but,
on the contrary, in some experiments it was equally severe in soil not
previously cropped to sorghum. It was found that seed deeay and
scedling blight c¢an be caused by any one of & number ol familiar
saprophytes, or fncultative parnsiles. Among these, probably the
most common are species ol Pythiron, generally soil-borne only, and
Bhizopus, Aspergitlus, Penicillium, and Fusarium, found eithor on the
seed or in the soil.  On the whole, it scems [rom the data obtained
that the seil-borne fungi, especially Pythium, play & more important
part in sced decay and seedling blight in serehum than do those that
are commonly seed-borne.  However, the relative importanee of these
two types of fungi may vary somewhat with the dillerent types of
seed and the relative susceptibilily or resistance of different variclics
of sorghium to this kind of mjury.

Rotting of seeds and blighting of seedlings ocour particularly when
planting is donc ecarly, or in cold web soil, or in a poorly prepared

JIintic umnbers in parenibeses refor Lo Literature Ciled, p, 20,
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seedbed. Using seed that is inferior because of immaturity, threshing
injury, or improper curing and storing ageravates the trouble. It
seems, therefore, that good stands in sorghum often depend largely
on protecting the planted seed against attack by harmful organisms.
It has been shown that this can be accomplished by using only sound,
carefully selected, and highly vinble sced of suitable varieties, treating
it with an efficient fungicide, and planting it in & warm, mellow,
well-prepared seedbed.  The value of these preventive measures has
tong been recognized and {requently emphasized. Sorghums are of
tropical origin and germinate and grow best at temperatures consid-
erably higher than those [requently prevailing al planting time in the
Temperate Zone; therefore, proper cultural practices should be
employed to ofiset this disadvantage.

Thus it secems that, although unfavorable cultural and scasonal
conditions are important contributing faclors in causing poor stands
in sorghum, fungi are the real cause of the trouble. The sludics
reporied in this bulletin involved isolating and identifying sced-borne
and soil-inhabiting fungi and determining their effeet upon germina-
tion, emergenee, blighting, and subsequent growth in sorghum and
the effect of environment and seed Lreatment upon the injury caused
by such organisins.  The experiments were earried out in the labora-
tory and greenhouse al the Arlington Experiment Farm, Arlington, Va.,
over & period of more than 10 years.  Much of the soil and seed used
in the studies was sent in from the sorghum-growing arcas of the
Southwesl.

Infermation presented here regarding the causes of and the condi-
tions favoring seed rots and scedling blights in the serghum crop-
should aid in reducing the losses from these disenses,

REVIEW OF THE LITERATURE

Despile extensive investigations of sced rot, rost rol, damping-off, scedling wilt,
aind othier seedling troubles of other ecreals, very little attention has heen given to
such diseases in sorghum.  In 1936 Pammel ¢b al, (710) deseribed a discase of corn
and sorghum ennsed by 4 seed-borne species of Fusarinan but did nob state that
it cansed seodling blight.  Valican (1) demonsirated that #. wmentliforme Sheld,
in inlernally bore in seed corn and also showed that this fusgus could cause
dampig-oif in sorghuin seedlings uneder very hnmid conditions.

Uppal et al, (48}, in 19306, reported that in India Rhdenclonia bataticole {(Tanb.)
Butl., under fovorable conditions, ey cause in sorghum a destructive secdling
blight in addition to so-called “hollow stem" * in the mature plants, Harris and
Coss {#), in 1934, deseribed a seedling disease of sorghum and Sudan grass, which
they altributed to the formation of prussic acid in the scedling, cspecially under
unfavorable conditions of growth. The primary vools, and especially the meso-
colyls, reddened and thon turned dark.  The mesocotyls shriveled to sueh an
extent that soine planls were killed by the interruption of the flow of soil solutes
from the primary rools.  This condilion was aggravated by the sction of certain
fungi in the sofi, especially species of Fusariion.

Ialliott el al. (), in studying the roob rol eaused by Pythiwm arrhenonianes
Dreebs., staled that in cerlain experiments this fungns prevented germination
or killed the sorghum scedlings cither as they emerged or alter they had procuced
two or three jeaves. The preemergenve and postemergenee virulence of the
fungus was also reporied by Nendrick and Briges (7).

The cecurrence of seed rol and seedling blivht in sorghum planiings bas been
mentioned oceasionally in publications dealing with sorghum ewliure or seed
treatment, but the relalion of cnuseiive organisms Lo these Lroubles generally has
ot been discussed.

1 1n the United Stales o simlinr malady 1n serginnn 13 calics] “charconl rol,” and the coused orgauism i3
thought to be Sclerativm balaticols 'auh,
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MATERIAL AND MEITHODS

A total of 23 lots of sarghum seed were examined especiaily to determine what
organisms are commonly seed-horne,  Nine of these were obtained from Lawton,
Qkla., 5 {rom Chillicothe, Tex., and 9 were grown on the Arlington Farm. Among
these were 7 lots of sorgo, 4 of kafir, 5 of feleritn, 2 each of milo and hegari, and i
each of Darzo, Club, and Chiltex. Three methods were emploved, which for
convenience may be ealled (1) the centrifuge method, (2) the agar-plate methad, and
{3) the isolation mebhod.

In the first method, 10 seeds from cach snmple were shaken in tubes of sterile
distiiied waler to reinove the surface-horne spores.  The waier was then centri-
fuged, the supernatant liguid poured off, and the residue examined microscopicenlly
for spores.

In the agar-plale method, separate poctions from cach lof of seed were stevilized
with different degrees of severity and plated on plain waler agar siichtly acidified
to suppross bacterial growth., The fuugi thus obtained, after being transferred
to nubrient media and idengificd, gave somc indication of what orgunisms moast
frequently conlaminate the seeds, and also, to some extent, thelr relative suscep-
tibility to sterilization.

The isolalion methed consisted of planling nnsterilized sced in dilferent lots of
sterilized soil kept at different teroperalnres.  Tsolativns were then made from
apparently discased seedlings, aborled sprouts, and seeds that failed 1o germinate,
The Tung! obtained iy this way were {ransferred {0 nutvient agar and identified
afier sporulation.  Puribied cullures were Jater used in pathogenieiby stndies,

The pathogenicity of a fungus thus iselaied was delermined in a preliminary
way hy growing seedlings on agar slanis under sterile conditions and then piacing
transfers of the Tunges at the bases of the seedlings,  Fungi showing no todica-
tions of pathogenicily in bhis Lest were discorded.  Uthers were tested furthor by
planting surface-sterilized secd in soil thal had been sterilized and then artifieindiy
infested, or hy planbling artificially infested seed in sterilized soil.  Sterilized seed
planted in sterifized soil was u=ed for comparizon.  Standard felerita and Spur
feterile were uscd in most of {hese pathogenicity lesis because these variclios
frequently produce poor stands when planted under enfavorable temperature aod
molsture conditions.  Feed of olher types of sovghum, such as kahr, milo, and
sorgo, were used in some of the experiments.  The relative percentagoes of emer-
gence, the relalive vigor of growtl and the severity of will, danping-ofi, or other
discase manifestations were obwserved and recorded.  Tsolalions were then muadle
from seeds that failed fo germinale und from parls of disensed =eedlings, to see if
the fungus used as inoculum could be reeovered.  Necessarily Lhere were devin-
tions from the above general procedure, and these will be described in eonneetion
with the individual experiments.

Materials uzed for disinfeeting seeds, in order o eliminate seed-borne organising,
included the following: (1) Ceemisan, & merenrie oresol ovanide compound: (2)
Semesan, a hvdroxymereurichlorophionel; (3) Fyclarite, conlaining 4 percent of
sodinm hypochlorite; (4) formaldehyde as a 1240 or 11320 water solution of the
eommereial 37-percent product; (3} mercurie chloride as o 1:1,000 solution; and
(6) hot water {52° {n 56° C.) for 12 minmites,

The soil used ip pathogeniciby studies was frst brouglit to asatisfactory moisiure
content, steam-sterilized, vsually a6 15 pounds’ pressure for 2 hours on 2 successive
days, and then storerd for severn] weeks in Iarge metal eans with Lighlly fitting
covers.  Separale portions of this soil inoculated with the differcnt fungi being
studied were stored for some time in sterilived metlal containcrs ab temperatnres
thought to be favorable for the growth of the respeclive Tungl.  Surfnee-sterilized
seed was then planted in the different lols of inocuiabed or sterile soil.

Tt the determinations of the soil-inhabiling lungi presumably sssocisted with
secd rot and scedling diseases of sorghinmg, soil was obtained al several experiment
séations from fields in which sorghum had been regularly grown,  SBurface-sieril-
ized seed was planted in these soils and isolations were made from ungerminated
sceds and discased scedlings as deseriied,

EXPEERIMENTAL RESULTS
Seen-lorNe OncanNisms
Beeause of the goneral effectiveness of reeenily developed sced trestments,

disenses caused by sced-borne pathogens nsnally vespond Lo eonbrol measures more
resdily than do those coused by organisms coenrring in the soil.  This simple and
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seonomical methed of control therefore is usually the first one tried in combating
seedling diseases. Consequently in these studies sttention was first given to the
fungi that were thought to be sced-borne,

The results obtained from centrifuging seeds varied aceording to the source and
the type of seed. Seeds grown at Arlington, Va,, yielded more fungus spores per
kernel when centrifuged than did those [rom Chillicothe, Tex., or Lewton, Okla.
The more humid eonditions at Arlington after heading time may explain the more
abundant fungns development there. Sceds fromm variclies with compaet heads,
like feterita and certain kafirs, earried mors fungus spores than did those from
ceriain sorgos or other varieties with more open bends,  Hard, smooth seeds and
those threshed free from glumes were less contaminated, as & raig, than lacge, salt,
rough seeds and those with the glumes retained,

On most seed lots, spores of Alfernaria spp. were lfound most commenly and
spores of Fuserium spp. ranked second in occirrence.  Also frequently found were
spores of species of Pendciliium, Aspergifius, Rhizopus, and Trichoderma. Spores
of species of Sphacelotheee and Helminthosporiem and unidentified sclerotial bodies
were lTound occeagionally. ‘The moere presence of certain spores on the seed, how-
ever, does not neeessarily indicale that the fungi are pathogenic to sorghum,  Thus
seeds exposed Lo the weather unlil blackened by spores of Allernarte spp. germi-
nated satisfaciorily and the seedlings showed little evidence of disease or injury,
A shorteoming of the cenbrifuge method for the identificatinn of seed-borne Fungi
is ifs failure Lo reveal those present only in the form of myveelinm.

Plating secds on waler agar yielded resubls somewhal similar to those ohtained
by the eentrifluge method.  Unsteritized seeds usunlly produced a prepondernnce
of Alternariu spp., which frequently ohscnred the growth of other fungi.  Species
of Musarinm and Rhizopus also were very prominent.  Speeirs of Penacitlium and
Aspergitlus survived Tight sced treatment in sodinm hypochlarile, and species of
Fusariwm froquently were the only survivors after a slightly inore severe treatiment
of the seeds, indicaling thal they were more deep-seated than the others. A num-
Ber of the Mingi failed to sporulate aller being fransferred to putrient agar, and
therefore were not Identifted.  In many tesiswith surface-sterilized secds no fungus
growth appeared until after the seed had germinated,  Home sceds that failed to
germinate affer the disinfeelion treatment showed no fungus growth until after
fhey hud been cut apen under aseptic eonditions.  Then they frequently vielded a
Fusariwm or Pendeiftivm, indicating that these were barpe within the seed.

In conneetion with studies on seed Lrangmission of diseases i earn, Vallean (15)
abserved that—

organisms between fhe pericarp layers are offen scaled and not eapable of growing
uniil the pericarp walls are heoken down by other processes than those occurring
during germinatlion nnder aseptic conditions. [t secins evident that the usual
enulture-plate method eannot be relicd vpon for the aceurate determination of
organisms carried by sced.

Isolations made from the greds (hat failed to germinate and from diseased seed-
lings froin nondisinfected secd grown in sterilized soil most frecquently yielded
specics of Fuserinm, Pendeilfinm, Rhizopus, and Aspergillus, the last two being
maost often asseciated, particularly willh ungerininated seeds and with sprouts that
had failed to cnuerge.

FUSARLEIN SN

Since species of Fusariiom were generally most prominent in {solations from is-
enscd scedlings grown in sterilized soil, they were regarded as probabiy among the
more iinportant sced-borne pathogens responsible afso for poor emargence. Tooone
test, for example, emergence in INapsas Orange sorgo from unsterilized sced
planied in sterilized soil was only 49 pereent, whereas that from seed sonked in
1:240 formaldehyde for 30 minutes was 80 pereent,. A high perecnlage of the
seedlings from unitreated seed. Lut none of those from formaldehyde-Lrealed seed,
succumbed to damping-off.  Tsolations fram aborted sprouts and from the mesoco-
tyls and lower stems of slightly affeeled seedlings consistenilly yielded a species of
pink Fusariwm. A nunber of these isoletions were purified and used Lo inoculate
sterile seedlings grown nseplieally on ngarslants.  Within o week nll the seedlings
were dead, whereas the contrels remained green and henlthy, Likewise, when
formaldehyide-treated seeds were inoeuluted with o heavy spore suspension and
pianted in sterilized soil, emergence was reduced Lo 42 pereent, 8s conipared with
83 pereend Mrom similar uninoculated secds, and Inter 25 percent of the seedlings
from inoculnled seed were damped off,  The fungus was reisolated (rom discased
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ssiﬂ:dgrag:i and was identified as Gibberella fufiluroi (Saw.) Wr. (F. moniliforme
eld.).

‘To fest further the pathogenicity of this Isolate of Fusurium moniliforme,
formaldchyde-disinfected seed of four othar types of sorghum was planted in flats
of sterilized soil that had been inoeulated with spores and myccelivm from an agar
culture. The sced in another series of lats was inoculated with a spore suspension,
dried, and planted in sterilized, uninoculated soil.  In half of the flats in each
series the sced was treated with an organic mercury dust before planting. A tem-
perature of about 27° C. was maintained in the greenhouse during and after cmer-
gence, The data on emergence and subsequent damping-off are shown in table 1,

Tanue 1.— Emergence and domping-off in 4 varicties of sarghum as affecled by tnoci-
lation of the soif or seed with Fuserium moniliforme (Gibberelle fufiburel) and by
treatment of the seed with an organic mercury dust

Emereenes in-- Damping-oft In—

i
Inpeitlated soill Tninoculated  sofl | Inocodnted  sell of Uninoculnled soll of
from uningealated § from  inveidated plants fron inoe-|  pieants from inee-

Variety serti— Seed ttlated serd— Tated seed—

] |
Untreal- A'realed Unirpat-

Unireat- | o o | Wnbrent
Treatorl od o p

'
ed L Treated

Treated

Perceatt | Perreat 1 Pereend | Percent | Pereend | Percenl | Pereenl | Percend
Dnrso__._.___ 86 41 73 441 arg . 4.
Reed kafir. .. - 82 i) 43. 7 317 34,5 a,
Dawnrl Yellow milo_. B2 k 3] 5.0 3.9 35.7 i
Froeed &7 B0 46.2 36.8 25,0 &

Weighted ny-

kit l 74 45.7 | 35.0 | I

1ncrensn 0 t_‘““""[ 174 I

Seed ingeulatlion redueed the pereentage of emergence more than did soil inocula-
tion, but seed treatinent eombated the seed-borne inocuium more effectively than
it did the inoenium in the soil.  Damping-off was nore severe in the planks grown
in infested soil, and seed treatment was less effective In combating 16 than when
only the seed had been inoculated,

The effect of soil temperature on this izelate of Fusarium moniliforme was studied
in eonstant-tempevature tanks (9} mainlained at 12°, 16°, 20°, 2.4°, 28°, and 32° C.
Seed of Kansas Orange sorgo, soaked in a 4-percent solution of sodium hypoehlor-
ite for 2 hours and then washed and dried, was immersed in & heavy suspension of
spores and bits of mycelium. Then 100 sceds were planted in cach of § lois of
sterilized soil adjusted to 40 percent of its waler-holding cupacity, aud 1 lot was
placed st each of the ahove mentioned Lemperniures. Uninogulated seed was
planted in a paraliel series [or comparison.  The results are shown in table 2,

Tanre 2.—Efect of soil lemperature on emergence and subsequent damping-off of
secdlings of Kansns Orange sorgo from surfuce-slerilized seed inoculaled with
conidie of Fusarium moniliforme

[10} seeds planteti Jn eoch lot]

Eingergence from !

Terind sevel— 1 Rotlye-

hefare tlon due
[HIT tn [rzge-
genee  { Uninoe- | Inoe- | oulation

ulated Tndexl

Tramping-oil [
plaaits from
ingenlaterl seed

S¢il temperniure (FC.)

Daga Pereenl | Pereent | Percent | Nuinber

an 14 6.3 1]
.8
28,4
.,

2.
3.

BBowo
mralndth

+ Sinee, 5o Inras i5 known, onty the conddial form o this lungus wis dealt with bo these studies, it will ba
referred 1o s Mwgarfum moaiiforme throoghout tie bulletin
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In genersl, the lower the temperature the greater was the redueciion in emer-
genoce from incculated seed as comparcd wiun emergence from wainoculated seed,
and the higher the temperature the greater was the subsequent damping-off,

On potato-dextrose agar the most rapid and abundant mycelial growth was
made by this fungus at 24° C., although a fairly vigorous growth was made at
al temperatures from 20° to 32°, Grewth ai 6°, 9°, and 12° was very slow sad
8t 367 1t was almost negligible. These temperature requirements in pure culture
explain the virulence of the fungus as a damping-off organism ab the higher tem-
peratures but not its depressing effect on emergence at the lower {emperaiires.,

The nnfortunate loss of ail enltures of this virulent strain of Fusarium mondli.
Jorme, through Lhe failure of a temperature-control meshanisin to function ‘prop-
erly, prevented further studies on its pathogeniaity.

Another pathogenie isolate of Fusarium monilifaorme was obtained from seed of
Dwarf Blackhull {Sharon) kafir grown at the Arlington Experiment Farm.  This
lot of seed when planted in sterilized soil gave nn emergence of only 25 pereent,
Whern plated on agar, 40 percent of the ungerminated seeds yvielded F. moniliforme
and 20 percent yielded olher species of Fusarinm,

A purified culture of this isolale of Pusarium moniliforme was used to inoculate
100 earefully selected, formualdehyde-treated seeds of Dwarf Blackhull kafir,
which were then planted in sterilized soil.  The emergence was only 47 percent,
wheress similar uninoculated seeds gave an cinergence of 82 percent. Later,
28 of the seedlings from the incculated seed were killed by demping-off, but none
{rom the uninceulaied sced.

Numerous otheor isolates from sorghiin seed grown in the feld ab the Arlington
Farm proved to be Fusurinm moniliforme. A number of these greatly impaired
emergence and Inler cnused damping-off when used gs inoculnm on seed planied
in sterilized soil.  However, four of the isolates failed te manifest any pathogenie-
ity. This variability in the pathogenicity of F. moniliferme has been disoussed
and demenstrated by Leonian (8).

A considerable number of isolations were made of species of Fusariim other
than F. meniliforme. Some of these were purificd and used to inoculate seed
planted in sterilized soil, but none proved to be highly pathogenie, as evideneed
by their faiture lo reduce cinergence seriousty of 0 cause seedling Llight.

Once isolation of & Fusariwm from sced of feterita had the appearanee of F.
culmerum (W. G. 8m.) Soce. when compared with a eniture of this gpeeies isolated
from wheal, and it was identificd as F. culmorum by Helen Johann, These two
eultures had the same color and obher cultural characteristics on potaio-dextross
agar, but, in pathogenicily tests, the onc isolated from wheat was very virglent
on sorghum, whereas the other, isolated from sorghum seel, was only mocerately
pathogenie.  Furbher experiments comparing these Fusgrium cultures with
other grgunisins are deseribed later,

PENICILLIUM SPP.

The most virulent isolate of Penicillivm spp. obtrined in these studios came
Trom seedlings of Dwarl White milo grown from untreated seed in slerilized soil,
These seedtings were observed to wilt severely when in the second- to fourth-lenf
stage 'and, althongh some of the affected planis recovered, most of them died.
Iselations from the discolored mesocatyls of affected plants congistently vielded
a greenish Penicillium.  Since the soll had been sterilized, it was nesumed that
the organism was sced-borne.  When 100 lightly disinfecled secds from this lot
of Dwarfl White milo were plated on agar, 25 vielded this sning tvpe of Penicillinm.

A lypieal isolalec was purified and then culfured on potalo-dextrose AgAF, Ol
which il sporulated profusely. Seed of Dwarl White milo soaked in o 1+ 320
formaldehyde solution for 30 minutes and washed in storile water was dusted heav-
ily with spores, and 100 seeds were planted in sterilized soil along with an equal
ntteber of uninoeulated seeds.  Both {lats were held ot o temperature of 25° to
30° C. Fmergence was 75 and 88 percent, respectively, from inocuisied and
uninoculated seed.  Subsequently, 68 percent of the plants [rom inoculated seed
and & pereent of those from uninoenleled seed willed.

The symploms of injury cansed in sorghim scedlings by this isolate of Penigil-
Hwm started s o grayish- or silvery-green hue in the leaves, followed by o gradaal
yellowing, Then Lhe lenves beeame limp and finally curled aud dried completely,
The mesceotyl was reddish to blagk, and its base frequently was covered with bhe
greenish Penieitlium. The dead plants did nob fall over. as these attacked by
Fusariug woniliforme usuaily do, but remained upright,  Larger plants somoelimes
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recovered, aithough the affected leaves usually did not. Whether or not these
plants were permanentiy retarded was not determined, as they were not grown to
maturity.

The foregoing symptoms were recognized as similar to those caused on corn by
Penicillium ozalicum Currie and Thom, as described by Johann et al. (4, 8).
A culture of P. exalicum isolated from corn by Johann was obtained and used in
patallel culture and incculation 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. exelicum, and hereafter it will be referred to thus or
as culture ~No;-601.

In a subsequent experiment, 240 surface-disinfected seeds of Dwarl White milo,
uninoculated, and & similar number inocutated with spores of the above-mentioned
isolate of Penicillinm oxalicum were planled in separate lots of sterilized seil and
maintained at the following temperatures: 15°%, 20°, 25°, and 30° C.  The reaults
are given in lable 3, Bmerpence from inoculated seed was reduced most severely
at 15° and least at 30°, but the percentage of plants that subsequentiy witted 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,

TarLE 8.-—Effect of soil lemperatures and tnoculation on emergence and subsequent
will of Dwarf While milo grown from seed uninoculated or inoculaled with spores
of Penicillium ozalicum und planied in slerilized soil

1240 seeds planted n cach ot

Tlants emerged from seed— Wilted plants from sepd—
Solltermperature {°C.)

Inpeulnted Uninoculated Inocnlated Uninoculnted

Number | FPerceut | Number | Percent | Number | Perceni | Number

115 47. 0 192 BOLO o 86.1 8
.1 HM &5.Q 150 00,2 13
0 220 e 7 176 .3 16
L0 e ) 04,2 184 .2 18

The relative pathogenicity of this culture of Pendcillium oralicum and that of
the culture of Fusarium moniliforme, isolated from Kansas Orange, were compared
in the following experiment. One lot of Dwarl White milo seed was treated in a
1 : 820 formaldehyde solution for one-half hour and washed in aterile water,
Another Jot was left untreated. Hundred-secd smmpies of each lot were (1)
uninoeulated, {2) inceulated by dusting with spores of P, exalicum, or (3) inocu-
lated with conidin of F. moniliferme. ‘The seeds were planted in flats of sterilized
goil in a greenhouse maintained at 27° to 33° C. Data on emergence taken after
5 days and on disensed or dead plants taken after 24 days are given in table 4.

TABLE 4.—FEntergence and final stand of Dwarf White milo grown al 27° lp 88° (.
in slerilized soil frem formaldehyde-treated or unireated seed, uninoculated or
inoculated with cultures of Penicillinm orelicum or Fusarivm moniliforme

1100 seedks planted o cach lot)

I'Innts from trented soed Piants from untreated seel

Inoculum Tienlthy afler— Healthy aftve—
Wilted or dend Wilted or dead
after 24 dnys afler 24 days
&ednys | A days sdnys | M dnys

FPereent | Pereenl ENumber Percent | Pereent | Percent | Number | Percen
T G bl 1.2 ' 5] 1

T Vi 1.3
Pepicitfium oralicnme, . [kl ] 55 #.7 a1 21 61 44

Fusarium mon (fiferme 55 43 10 .2 8 Lo 2 20,9

Although dusting the sced wilh spores of Penicillium ozalicun did not greatly
affect emergenee in this case, most of the plants from seed thus incculated evenbu-
ally suceumbed to wilt.  This reduetion in stand was much mere severe than that
duc to damping-off by Fusarivm moniiforme. The Turmaldehyde trentment, it
seems, did not climinale all of the sced-borne infection.
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Secd 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 soil kept in a greenhouse
where the temperature during the period of emergence ranged from 25° to 27° C.
Corresponding 100-seed lots of uninoeulated seed were planted as controls, Data
on emesgence and subsequent wilt of the seedlings are given in table 5. Wilt
was less severe than in the previous experiment, possibly beeause of different
environmental conditions. None of the varieties was immune from wilt, although
gome were effected less severely than others,

Tavve 5.—Effect of ingculating seed of eight varieties of sorghum with spores of
Fenicillium oralicum on emergence and wiil in slerilized soifl :

100 seeds of each variely wers plattted)

Emergence Irom— Wilted plants from—

Vaorlety OUnineen-{  Inaci-

Intedd Inted Unineceulnted seed Inocuiated reed
suedl seedd

Percant | Percent | Niunrber Pereend
38 0 a 2 L

Freed. o eeemieian
Kansas Orange 50TEC.

Drwarl White mllo. .
Dwar! Yellpw milo
Feterite

EREEERES
W oo

VG L refers to accesslon number of the Division of Cereal Crops snd Dseases.

Tive other Isolates of Penicillium were tested for pathogenicity by planting
treated, inoculated sced in sterilized soil, but none exhibited any marked depree
of virulence. Af times, emcrgence was slightiy affecied or a few seedlings shawed
symptoms of wilt, but after a weck or two of growth, neither roots nor tops were
appreciably inferior ta those in the uninceulated checks.

RHIZOPIIS AND ASPERGILLUS SPP.

As previously stated, nondisinfected seeds when germinated on plain agar
frequently yiclded species of Aspergilius and Rhizopus, especially A, niger Van
Tiegh. and B. nigricens Ihr, The same fungi frequently were isolated from seeds
that fziled to germinate in sterilized soil and were then plated after light disin-
fection. Since these species of Rhtzopus and Aspergilius are generally regarded
as ssphrophytes, it seemed desirable t¢ determine the extent to which they could
reduce germinatien, emergence, and.stand, Beed. of feterita was soaked in a 0.5-
percent, solution of Germisan, an organic mercury compound, for 1} hours and

lanted in three lots of previously sterilized soil that were (1) uninoculated, (2)
moculated with an isolate of Rhizopus nigricans, and (3) inoculated with a pure
eualture of . tritied Sailo. Unsterilized, uninoculated 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° C, Data on
emergence, teken 10 and 25 days after planting, sre given in table 6. The results
indicate that these fungi reduced emergence chivfly by rotéing the seeda rather
than by parasitizing the seedlings, as no diseazed seedlings were found in the inocu-
lated, sterilized soil such as occurred in the unsterilized seil. However, it was
thought possible that enough Germisan selution had been absorbed by the sced
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 mnd uneterHized soil kept at 20°.  In sterilized soil emergence from treated
and untrested seed was 83 and 27 pereent, respectively; in unsterilized soil it was
47 and 9 percent, respeetively. This indieated that Germizan, while most effective
againat the sced-borne organismas, also was somewhat cffective against the organ-
isma present in the soil, and was, therefore, not considered suitable as a seed dis-
infectant in these stndies,

In another experiment, sced of felerita was trerfed in a 1:240 formaldehyde
solution for ene-half hour and wasghed thoroughly; 300 sceds were planted in
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Tasue 6.—Emergence and stand of féierz'ta ag affected by two soil temperalures and
by inoculation of the soil with Bhizopus nigricans end I, iritici

{360 seeds plantad o each lot]

Reduetion ! i111 cmorgenee in
1

Emergence in sofl— solfm

Days Sterblized and—

after Tnsler- | Ingeudated with— | Unalor-

planting Ingenlated with— !2::3’ lg;‘:ld

Unin- unin- unin-

oeiluted Rhizopus | Rhizepus oeuinted Rhizopus Rhizop;:s‘oc“i“"“‘d
nigricans | tritici nigricany| tritiei

Sol! temperatorg
0

Pereent | Percent | Percent | Percent | Percen! | Percem! | Perceat
44 ) it] 4 250 3.8 0.0
81 40 L) 151 6.7 () 16.4
4y 43 3 40 2.3 1,4 0.1
45 52 52 158 0.0 2.0 10.8

i Compnared with cmergence in sterilized soll.
12 percent dimd.
112 pereent dicd,

each of four separate lots of sterilized soil, uninoculated or inoeulated separately
with culbures of Rhizepus nigricans, R. tritict, and Aspergilius niger. A temper-
asture of 25° C. wos maintained during emergence.

The percentages of emergence in uninoeulated svil and in soil inocniated as
desgcribed above were 63, 51, 49, nnd 54, respectively, DImergence was 19 percent,
22 pereent, and 14.3 percent less in soil inoculated with Rhizopus nigricans, R.
tritici, and Aspergilius niger, respectively, than it was in uninoculsted soil. The
plants showed no disease symptoms when disearded 1 weck after emergence,

In enother experiment conducted at 20° and 25° €., formaldchyde-trented seed
of feterita was planted in sterilized uninosulated soil,and seed {rom this same lof,
without further tresimeni or dusted with nn organie mereury disinfectant, was
planted in sterilized soil inoculated with RhAizopus nipricans. Dmerpgence in the
uninoculaied controls at 20° and 25° was 72 and 91 percent, respectively. In the
inoeulated soil, emergence from the undusted seed was 42 and 53 pereent, respee-
tively, while from the dusted seed it was 57 and 69 pereent, respectively., The
effect of the fungus on smergence at the two temperatures was clenrly demon-
strated, as alse was the beneficinl effect of the orgonie mercury treatment of seed.

In a subscguent serivs of experiments with these samne (ungl, Fuserivm monili-
forme, F. cubmorum, and Penicitlivm oxalicion were included for comparison, Two
flats of sterilized soil were incculated wibth each fungus and kept at 25° C. for 3
weeks previous to planling, On February 19, 300 formsaldehyde-freated seeds
of feterita were planted in each flat,  Onc sct of fiats was kept at 25° until after
emergenee and the:other ab.about 17°, - The flats kept at 25° were replanfed on
April 14 and apain on May 18, and those at 17° on May 17, Additional inceulum
of the respeetive fungi weas added to each flab 3 weeks before each subsequent
planging.  Fhe data on emergence are presenied in table 7.

On the whele, in this experiment the fungi displayed no marked virnlence,
slthough some pronounced redustions in stand cceurred. The somewhal erratic
resulls may be expinined i pari, perhaps, by varinkions in soil moigture that
may have affected the various fungi differently.  Subsequent damping-off, wilt,
or other discase symptoms in this ease were not observed, becsuse the plants were
discarded shortly after emerpence. 1t was thoughi that possibly some of the eul-
tures had beeome attenuated from being earried too long inpure culture. Therefore,
another pure culbure of Fusarinm moriliforme, more recenily isoluled, and o cul-
ture of F. culmorum, isolated from wheat, were used, along with fresh euldures of
more recent reisolations ol Penicillium czalicum, Rhizopus nigricams, R. irifici,
and gpergitlus niger.

Cultures of these fungi were used to inoculafe separale portions of sterilized
soil that had n waier-holding enpneity of 40 percent and was ndjusted to 50 per-
cent of this capacity. Spores of Pendcilfium ozulicum were applied also to the seed
plauied in the soil inoculated with this fungus.  Seed of folerita, treated with
formuldehyde as before, was planted in the dilferend poriions of soil, 480 seeds in
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Tanve 7, —Emergence of felerila from seed soaked 30 minules in g 1:840 formal-
dehyde solution and planied periodically in tnoculated steriiized suil

[300 seeds planied io each {lat)

Emorgencs in—

Saries L (25° 1) Serigs 2 {17° C,)

Fungl
Planted Replanted Tlanted | Replanied

Feh. 10 Apr. 4 Muy 151 Foh. 19 Nlay 17

Percent Fereeith Pereent Pereent FPercent
a7 86 75 50 ]

! Pleced outrdoors {aller planting); tempemture ranged fram 15° to 26° O

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

Data were taken periodieally over a period of 20 days after emergence, on
stand and also on the number of seedlings that became diseased or died during
that pericd. Final resulis ere shown in table 8. .

The preemergence virulence shown by Fuserium culmorum wes outstanding,
especinlly at 15° and 20° C., as was also the postonergence virulence displayed
&t all three temperatures by Pendciliium ozalicum. With the exception of F. cui-
morum, the fungi most harmful Lo emergence seemed o be those present in the
unsterilized soil. Copper carbonate was very effective against these at 25° and
20°, but not at 15°

It scems that either seed {reatment with formaldehyde was not wholly effective
in elimninating the seed-borne fungi or there was some recontamination, because

TanLe & —Lmergence and subsequent scedling blight in felerile as influenced by
lemperature, seed and soil sterilization and inoculation, and seed treatment

Seeds planted and total planis grawn
al—

Dend ]pr diseased
o P sypdlings acpur-
Ingculum ndded to soll and | Treatment of 25 C. 0 G 18 C. ring pt—

seed trealment soil

Seeds Total Seeds

Tolal
pl:.'gt" st pl::fl”" stund

Bpnds
planbs T

.| Pet. | o,
Rhizopus tritiei Seoerilized G700 | 120
R. nigricans | Ri.T | Id0
Pericittium cxalicum 2. 1 8.7 | 1m
Axperglilug niger. . ay | 8756 120
Fusarium culmorum, - . 47| 120
. monitiferme - 20 90,0 120
Nong (gred {realed with formi- B5. 0 uH
aldeliyde).
Nuone (seed not treated) d 85.0 50
None (seed trented with form- G625 40
aldleliyde).
None (sced trented-with form- 82,5 40
aldehyde and copper cag-
bonato).

whe
Ry
o

uR NmEys

L= - t‘ét’rh-wﬂ

=]
L

1 Percentego of tolal stond.
2 Bpores of thils ngus were snplied alse to the seads.
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a considerable peresniage of the seedlings from formaldehyde-treated seod planted
in sterilized soil beecame diseased. Fifty seeds from this treated lot, when plated
on agar, produced three colonies of Fusarium, two of Penicillium, 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 Fusariwm,

Sections of diseased plants grown in the different lots of inoculated soil were
dipped in 95-percent aleohol, immersed in a 1:1,000 solution of mercurie chloride,
washed in sterile water, and plated on pluin agar. Pendeillium was recovered in
6 of the 10 reizolations from the Pendeillium scrics, but 4 were sterile, The rei-
solations from the Rhizopus and Aspergillus series were less conclusive, Rhidzopus
spp- developed in 19 of the 40 plates [rom that series; 13 were sterile, and 8 devel-
oped other funpl. In 20 plates from the Aspergillus niger series, that fungus was
recovered in only 9; 7 were sterile, and the rest contained other fungi.  Isolationsg
from the Fusarium series were mostly species of Fusarium. Isolations from plants

rown in the unsterilized soil were mostly Fusnrivm, Penicillivm, Tricoderma,
Shizopus, sterile mycelium, and oceasionally Pygihium 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. Feriodic emergence
data were taken until there was no more increase in stand. A final count of plants
was taken 7 weeks after planting, and the percentage of dead or diseased plants
was cotnputed as shown in table 9.

Tasrr 9.—Effect on emergence end seedling Dlight in feferila of lemperalure, seed
and soil sterilizalion und {noculalion, and seed freafment

[100 seedds planted in each lut]

Tatnl etnerpenge and subsequent reduction ! in stand pt—

o . 15° C,

Inoeulum added to soil and | Treutment of
sced treatment soil Siand on— Stand on—

Mar. | ti Feh, | Mar,
12 a 12

Par- Py
eent cend
Rhizopus frifici. oo oeeeceeoa..| Sterilized_____ i ; i3 1 40
R. nigricans S IR | [ T i 0] a2
Periciltinn: oralicum . do. { { 13
Aapergilins miger. ... T 7 BS 47
Fusartpmn eulmoram :
Fowmonitiforme. oot . K h 7 1%
wone (seed treated with form- H2
aldeliyde).
Wone (seed not treaded} oo L. : 7 49
Muone fseed treated with form- ] 2
aldebvde).
None tseed beented with form- 3 3
rldetryde and copper car-
bunate),

| Brsed on sland on first dale in each gase,

The results were very similar to those obtained in Lthe preeeding experiment ex-
ecpt thet the percentages of diseased piants were relatively less at 25° and 20° and
considerably greater at 15° C.

To test the behavior of different sorghum varieties in soil inoeulated with these
fungi, formaldehyde-traatoed seed of eight varicties was planled i flals of sail that
had heen sterilized and then inceculated separately with various fungi.  Two ilats
planted to each variety were devoted to ench fungus, and 50 sceds were planted
in each flat. Itiats of uninoculated sterilized and uninoculated unsterilized soil
were used as cheeks.  T'he flals were kept in a greenhouse where the lemperature
ranged from 16° to 21° C. until emergence began and thereafter from 20° to.
25°°C.  Periodie emergence datn were taken until no more plants emerged.
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Forty days after planting, the number of healthy plants in each pair of flats was
recorded, and from these the pereentages of diseased or dead plants were computed.
as shown in table 10.

Tasiz 10.—FEmergence and subsequent disease! or death of planis grown {(Jan. 23
to Afar. 12) from seed of § sorghum verieties planted tn inoculated sterilized soil in
flats in the greenhouse

Ever-

Incealum nsed snd items | green
cum pared Drogm-

corn

Dwarl (Dakofn
Hegarl Yellow | Amber
3 mile | sorge

$

Per- Per- Per- Fer-
cend rend
8.9 3.9

2.4 13.6

8.0 8.0
10.3 1]

Rhizopus tritici:
Pinnts cmerged. oo.....
Finnts disensed

E. nigricans:

Plants emerped
Pilants dispased ..

Penleillivm oralicum:
Plants emerged. -
Pilants dlseayed

Aaperfia‘!ua niyer:
Plants emerged
Planis discased. ..

Fusarium culmorum:

" Plapis'emerged. ..
Plants discased

F. monitifarme:
Plants ernerged
Plants diseased
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32.a
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Average:
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Plants diseased

7.0
it ]

.
18.5

&
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None {storilized goil}:
Plants emerged
Piants discased. |

Wone (nnsteriiized soil):
Plants emerged .
Plants diseased

®
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8

&
me o
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mo o

BE
=
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58 53

1 Pereenioges Losad on tola) number of seedds (108} pleated in cach fest,

Fusariwon culmorum, in this case, was the only fungus that reduced emergence
cousistently and apparenily significantly. Posteinergence injury by the other
fungi, however, was pronounced, ranpging lrom an average of 19.5 pereent in
Duakota Amber sorgo to 71.8 percent in Kvergreen broomeorn.  From the results
obiained in nninoculated sterilized soil, it is apparent that treatment of the seod
with formaldehyde was not entirely effective, and that some of the scedling blight
may have been duc fo seed-borne fungl.  Scclions of rools, stems, and mesocotyls
of diseased seedlings and uneimerged aborted sprouts, taken from the unsterilized
soll, were dipped in 95-pereent aleohol, sterilized in 1:1,000 miercuric chioride from
one-hall minute fo 3 minutes, washed in sterile water, and plated on plain agar,
About 75 percent of the isolations were specics of Fusarfum, with some species of
Peniciltiy 4, Ridizopus, Aspergitlus, and oceasionglly alse Pythium when the ster-
ilization was light. A spevies of Pyfhium was oblained most frequently from
raots, mesocotyls, and aborted sprouis.

Because of the contradiciory results occeasionally obinined, it is difficult to draw
definite conclusions from the foregoing cxperiments with [ungi, some of which, it
is thoughf, may be commonly seed-borne. The unceriainty as to whether the
soed (15} or the soil used in these experiments had been entirely freed from harmful
fungi by sterilization, or whether recontamination had not oecurred, made it
guestionable at tiimes whether the fungi used for inoculum were entirely respon-
sible for the injury observed. Experiments of this type eonducted in uncovered
soil containers in the greenhouse over a period of weeks do not exelude the possi-
bility of recontamination of soil or seed with fungi carried in the air or in the water
applied to the soil.  Despile this possibility, the results obtained in inoculated
soil compared with resulfs in similar uninoenlated soil indicate that, under some
conditions, the fungi used as inocnium hinpaired emergence and caused different
types of seediing blight. The apparent resistance of somne varieties of sorghum to
these types of injury was also demonstrated.
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So1L-BorNE OHCANISMS

Soil from felds that had been continuously cropped to sorghum for 8 te 28
ears was obtained from six experiment siations in Texas, Gklahoms, and Kansas,
be soil types, water-holding eapecities, number of years the soil had been cropped

ko sorghum, the locations, and the names of the cooperators who supplied the
soil are listed in table 11.

“TaBLE 11. —Source, period in scrghum, lype, water-holding capacily, and person
supplying sample of different lals of sotl used tn isolation studies

Perlod Waler-
in Typa hokling
sorghum COPaCity

Porson suppiving

Bource of soll sampic

¥ears Percent
Iawton, Okla o | Fine sandy loam 37 | W. M. Gshorne,
Woodward, Okla. 20 | Sgndy lam 1, B, Sieslinger.
Ohltiipothe, Tex.. 4 | Birek clny foam.. I C. 8tephens.

Hays, Kans._..__ Blagh silt lvam._ .. 3 | A. F. Bwanson.

Garden Cliy, Kans. 14 {7 F. A, Wagner,
Manbattan, Kans,__ 7 | Black clay lorm.. C. 0. Johnston,
Ariington, ¥a. Q

Keyport stit pam

In & preliminary test, seed of Spur feterita and Dwarf Yellow milo, treated in
undiluted Hyclorite for one-half hour, was planted in sterilized and unasterilized
soil from each of the above lots and also in Keyport silt losmn from a part of the
Arlington Experiment Farm an which sorghum ?xad not been grown. The tests
were made in a greenhouse where a temperature of about 20° C. was maintained
until 5 days after emergence. No attempt wss made {o adjust all the lots of soil
to thglaame definite percentage of saturation. The data on ernergence are shown
in table 12.

TaBLE 12.—Emergence of Spur feterila and Dwarf Yellow mile from lrealed seed
plaﬂ:dc:'n sterilized and unsterilized soil oblained from seven sources and kept
at 20° C.

Emergence of—

Source of sofi Spur feterite in soil— hwar{ Yellow milo in soil—

Sterilized Unslerilized Sterllized | Unsteritized

Pereent N Pereeat . Percent FPercent
1

Arllogton, Va. - .- ]
Lawton, Okla .. it
Woadward, Okia 85 55
Chitlicotbe, Tex.___ . 47
Tuys, Kans _ ... 3
Qarden Cily, Kans ! 67
AManhatinn, Kaus . 47

Average. .. - 50

The poorest emergence oceurred in the unsterilized Arlington Farm soil, showing
that miero-organisms detrimental to germination and stand in sorghum are not
restricied to sofl in which sorghuin has been grown for several years. The
surprisingly poor emerpence in uusterilized soil compared with that in sterilized
s0il emphasizes the damage done by soil-borne inicro-organisms,  However, poor
emergance in some cases may have been aggravated by insuflicient aeration due
{o excessive soil moisture.

In o second similar test in unsterilized soils at three different femperatures,
with sterilized Arlington Farm soil as a control, the soll moisture was adjusted
to about 45 percent of saturation. This was followed by a paraliet test in which
the soils were about 70 percent satusated. The daln on emergence in hoth series
are shown in table 13,  No data on subsequent duwmping-off or wilting were oh-
tained, as the plants were discarded shertly after emergence. There seeins to be
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TABLE 13.—Effect of s0il moisture and lemperature on emergence tn Spur felerita
from treated seed planted in sofls from seven sources

Total emergence at indieated temperature i solls adjosted !
to abolt—

Bouree of sofl 45 percent saturation 70 percent saturation

15°C. x° C., 20 C. 15 C. 2°C, &0, .

Pereent Percest | Percent | Percent | Percent

Arlinpton, Va, {sterflized}. .. oceeceuos 50 5 8z 35 55 78
Lawten, Oklv...._ ... o5 72
Woodwarnd, Okla, 50 60
Chilleothe, Tex. i) _ B3
Hays, Iians. . ] B 1]
Qoerden Chey, Kans . 5T 45
Manhattsn, Kaus_ . a7 a2
Arlipgton, Ve, ... i3 6d

Avemge o 8.9 | 54O 5.5 68.8

VT he experiment with the welier soils was carried oul sovera) weeks afier that with Lhe drier soils,

no consistent or striking reintion between the percentage of emergence and the
length of Limeg the =soil had been cropped to sorghum,  On the whole, emergence
was consislently best in Lhe black elay loan from Chillicothe and poorest in the
silb loam from Arlinglon. Emergence was consistentiy poor aiso in the black silt
loatnn frum Garden City,  Emergenee in the remaining soils showed considerable
variation. In every case, even in the slerilized soil, emergence was relatively
less, at any given temperature, in solls adjusied Lo 70 pereent saturation than in
those adjusted to 45 percent saturation. The pereenlage redudtion was greatest
at 15° and least at 23° C,

The soif type, soll moisture, temperainre, and soil fora are doubtless interrelated
factors affeeting cmergence independently and in combination with one another,
Some fungi probably are more virulent at higher soil moistures, but i seems that
goil temperature or soil type or both ¢an alter this relation fo some extent.

Further data an the effect of Lemperalure and soil sterilization both on emer-
gence and on seedling blight were obinined from an experiment in which feterita
was grown in 2 Lypes of soil aud al 6 temperatures.  One was o sandy =oil from
Woodward, Okla., and the other a black prairie soil from Hays, Kans. DBoth
scils had been cropped continnousiy to sorgium for 20 vears or more, A portion
of each lot of soil was steamed at 5 ponnds’ pressure for 1 hour just before planting.
This milder sterilization was emploved (o avoid altering oo much the organie
material in the soils.  Both lots of sterilized soil, along with unsterilized lots of
the same soils, were adjusied to abonl 50 percent saturation. Fortyv seeds,
sosked in 1:240 formaldehvde sulution for one-half hour, were planted in each of
6 cans of each ket of sterilized soil and in each of 18 cans of each lot of unsterilized
soil. Oné ean of each type of sterflized soli-and- 3 of cuch type of unsterilized
goil were kepl at each of § temperatures, 10°, 15°, 20°, 25°, 30°, and 35° C.

Data on cmergence or sland taken after all plants had reached the first-leaf
stage, along with data taken later on the number of plants subsequently killed,
are shown in tabie 4.

Emergence was much betler in the sterilizved soil except at 85° €. There was
no emergence at 10° in efther sterilized or unsterilized soil and none at 15° and
20° in the unsterilized soil. Postemerpgence damping-off or wilting inereased in
severity with an inerease in lemperalure, The oceurrence of diseased plants
in the sterilized goil indieates thal cither the method of soil sterilization was not
entirely effective or that subsequent conlnmingtion neeurred.  The seed also may
hove earried some fangi despite the sced trealiment used.

To isolate fungi possibly responsible for Lie poor emergence and seedling blight
in unsteritized soif, seed of Hpur felerita, surfseesierilized for one-haif hour in
undituted Hyclorile, was planted in pans of sterilized and unsterilized soil from
near Manhatian, Kans., and three pans of ench were xept at each of three fem-
peratures, 153°, 20°, aud 25° €. Manhalian soil was used first because an ample
supply was avallable, Al cmergence elecirie lighis were used to promote normat
growth. The pans were removed fo the greenhouse several days nfter emergence,
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Tanre 14—Effect of temperaiure and soil slerilization on emergence and subse-
quent geedling blight in felerile grown from formaldehyde-treated seed planted in
two types of soil faken from fields continuously crepped to sorghum for 20 years or
more

n Blighted seedlings
Pom- {’}g};l]t;g Emergence! lo soil in ot
Bourne attd type of sofl ]zem‘ ehtor
ure
RN | Syoritized | Unstertlized | Sterllized | Unsterilized
A Dapx Pr.rceat Pertcn-lf) Frreent Pereent

10 e o . PP
14 16 2.5 1] 0 -

Woodward, Okls. (sandy loam).. = 8 e 5 e
K] 3 B7. 5 4.3 no
31 2 80.0 57.5 20.0
I 0 [ I
15 106 37.5 0 1}

Bays, Kons, (black stit loam).._..[| 2 : gt R S s
30 a 2.5 7.5 0.0 15,0
k1] 2 47.5 50, &} &0 48,

' 40 sceds were pianted io ench ot of sterifized sofl amd 120 seeds in eneh Tot of unsterilized soil.

Percentages of emergence at 15°, 20°, and 25° were 48, 81, and 92, respectively,
in the sterilized soil; and 22, 65, and 81, respectively, in the unsterilized soil. The
ungerminated seeds, unemerged sprouts, and diseased seedlings were then removed
from the unsterilized soil for plating.  All ungerminated sceds that had started to
decompose were discarded. The rest were thoroughly washied in water to remove
all soil particles, dipped in aleohol, itnmersed in Hyelerite for 3 to 15 minutes,
and transferred fo plain agar containing a trace of potato dextrose. The roots
a?d stems of diseased seedlings received somewhat less severe sterilization before
plating.

In most cases, isolations from roots and lower stems produced eultures of spe-
cies of Pythium. In many cases, the fungi may bave been killed by the steriliza-
tion before plating. Isclations from ungerminated seeds frequently vielded two
or more fungi, one of which frequently was a Pythtum. Next to species of Pyth-
tum, species of Fuserium, Rhizepus, and Trichoderma werc most frequently
isolated, along with some of Penictliium and Aspergillus,

Frequently it was difficult to separate two or inore fungi growing out of one
seed or portion of a seedling; bence, In many cases, pure cultures were not
obtained.

Several additional plantings of Spur feterita, hegari, Blackhull kafic, Dwarf
Yeilow milo, and Kansas Orange sorgo werc made in unsterilized soil from near
Manhattan, Kans., and kept al 20° C. until after emergence. Isolations were
then made as before. A total of 310 isolates obtained from these plantings were
classified as follows:

Pythium (debaryanum type) ... 103 Muecor_ oo 3
Pythtune {other types) . __ ________ 30 Alermarta. oo _ . __ ... iz
Fusartum__________ . ________. 38| Stachybotrys . oo . 3
Trichoderma. _ ..o _...___ 20 | Helminthosporinm____ . _______._. 10
Rhizopus_ . _________________. 28| Unidentified aclerotial fungi.... ... &3
Perieillivm___ . ______.__ 18] Nonfruiting fungi. . ... ____ 11
Aspergillus_ _ . __.._ 14

Similar plantings of Spur feterita seed, treated, as before, in 1: 240 formaldehyde
solution for one-half hour, were made in 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 unemerged aborted
aprouts, and from roots, mesocotyls, and lower stems of apparently discased
seedlings. The results of thesc isolations are shuwn in table 15, They are some-
what similar o those ebtained from the soil from Manhattan, Kans., exeept that
& larger proportion of the isolations were species of Fusarium. ‘Ihis may have
been due to slightly more severe sterilization hefore plating.

The pathogenicity of most of the fsolates frotu the Manhattan soil was tested
by inoculating agar slants on which sorghum seedlings had been grown under
sierile eonditinngs.  Some of the eultures showing evidence of virulence were thon
used in soil tests.
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TarLE 15— eolations from rovis, slems!, and ungerminated seeds? or aborted seed-
fing? of Spur felerita from treated seed in so0ils taken from sorghum fields in different
ocalilies

; Eelero- Unl-
Part iso- | £yt | Fuaa- £ Peni- | Asper- tinm. | Miseel-| o0
Bource of 3l h‘:j flf:m fum rinm lg(:::] cilliumn | gittusx fu:'glirllng lane- eotl

spp. pp. pp. PR, Tungi ous ¢ tumgls

Number| Number| Number| Nurber| Number| Number| Number| Number
Kernel. ... 1 25 2 18

30
12

Arlington, Va

—

Lawtgn, Oklo

—

o N T L L T T

Woedwerd, Okla. . .____

Chillieotbe, Tex Heml... ...

. Kernel. .
Hays, Kans.............

[

Garden City, Kans Sterm.
Runt.
JKurnoi_
Slem, .
Root.._._.

{Kernol -

{Kt’rrm] caa

Manbatian, Kans

TS I e S D R A e Y RIS O S N
e 3 O G O e vt Oy B BT A B3 T O e e Ot W

—
=]

Stem. ...
Raot......

o
—od | e MO S S DO
L= )
B b | Gy D D B0 B AT D 0 e E3 T D T D e B D RO
SO | OO O O RSO OS D
N
- 3l e B 0 O e 0 60 B €0 Rl et 53 T D 0 e L3 0 T

BEE | we.

Yoo

g
2

All pars, .

-
o
]
&

' Inciudes isnlations from mesocotyls.

? Ineluides Isolations fram aborted seedlings.

2 Alostly fhizopus spp., with some Afweor spp.

'd.\t:nong’thcsu were spicies of Perisporineene, Gliveladinm, Flelminthosporiunt, Stachpbotrys, Trichaderma,
anid bacteria.

+ Muoslly nonfriiting mycella, including probehly species of Pfizoctonis and Selerotinm,

In 2 preliminary experimeni. three isolates each of Fusarium and Pythium and
one of Penicillium, along with & pure culture of Fuserium culmorusn from wheat,
were inereased on steamed corn meal and sand and uzed for inoeulating separate
lots of slerilized soil in each of which 100 fermaidehvde-treated secds of Spur
feterita were Jater planted. In one control, only the sterile agar corn meal and
sand medivm was added to the soil before planting, and in another control nothin
was added.  After 15 days at 20° C., final data on siand, height, and vigor o
plants were taken and are shown in table 16.  The Pythium isclate No. 2 was the
most virulent and entirely inhibited emergenee. The two other Pylhium isolates,
although less virulent than No. 2, reduced emergence, rotted the roots, and
stunted the plants, fMusarfum No. 301 was almost equally virulent, whereas
Pericitlium No. 600 was less so.  Fusarium culmorum showed less virulenee than
in previous tests, However, it is possible that some of the differences in virulence
may have bDeen caused by differences in the amount of inoculum used.

A second soil-inoculation series included 19 isolates of Pythium, 16 of Fusarium,
and 4 of Pendcillium, from the Manbattan soil, and pure cultures of F. culmeorum
andd Penicilfivm ozalicim. The inoeulated soil was incubated at 23° 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 kepi at 209 Two weeks
later data on emergence were taken and general observations made on growth of
tops and roots, &8s shown in table 17,

Emergence in the three unincculated checks ranged from 94 to 98 percent and
averaged 96 percent, No diseased planils were found inany of them.  Emergence
was practically inhibited by all of the Pythium isolales at 20° C,, 1,900 seeds pro-
ducing only 19 plants. The appearance of the recovered seeds indicated that
growth frequently had heen checked, shortly after the emergence of the piumule
from the seed, by the atinek of the fungus near the prowing point.  Pythium was
repeatedly reisolated from brown lesions on the plumules.

Only one of the Fusarium isolates (No, 301) from the plantings in the Manhattan
6cil showed any marked effecton emergence and subsequent growth.,  Thepercent-
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TarLe 16.—Stand, height, and vigor of planis of Spur felerila grown from formalde-
hyde-treated seed planted in sierilized soil, different lols of which had been tnoculat~
ed ! with cullures of fungi isolated from plantings in 301l from Manhatian, Kans.

{100 secds planted in each lot]

Avorags
~ Tatsl : Dead | Goneral notes whon plants wern
Cuiture No. Fungus staned h;!,ligazttff plants dug up snd discordod
Per- Num-
cent nches ber
Ei -5 1| Almost as good as chack.
44 1 8 | Sinall stunted plants; no rootiels,
82 2-4 0 | Fair plants; poor reats.
41 -3 18 | Very puor plants; no rootiots;
stem: lesiona.
Noza (control}_. Orlll}'istrrﬂa_ ;ncdium ad- 82 i-3 1 | Vigorous plants snd roots.
ded to sofl.
42 -3 3 | Stunted plants: rottod roots,
[+ 3 A I, No  emergence; upemergedd
sprouls hrown and densd.
U i 11 T 40 2-4 17 1 Swinied pants; rotted rooks.
Lenbelttiar %, cmeeennn. B 3-5 8 Pilnu_ts Inir, poor rools; somo
esiatis.
Noua {control) .| Nothing added to sofi_ 24 2 { Excelient panis and rools.

1-0} I

t Culturws of organisms mixed with the soll 4 duys before _[3lunting.

TaBLE 17.—Emergence and condition of plants of Spur felerila grown ai 20° €. in
previcusly sterilized soil thel had been tnoculaled with various fungi

Culture . Emer- Observations on plants after
No. Fungus OIG wopks
Percent
Mone{eon-] No ineclnbion. . e iacm i e vmcemam— e §4 | Topa and rovts heaithy.
tral).
8§ | Tops stunted, reols decayed.
& Da.
G | Noomergence.
q Dro.
1] Do.
[i] Do,
Q o,
[£] Do,
0 Do,
! | Smali plant with short roots.
£ | Noemergopon.
G Uo.
¢ o,
2 | Taops stunted; poor roots.
9 | No emerganca.,
1 | Nonuenl plant.
2 | Stunted plants.
G 1 Noemergenes.
& 0.
3 | Normai hentthy plants.
34 | Sewmw stunting and damping-ofl,
o8 | Noreesl Lealthy plants,
a1 | Do.
21 Plants dumped.off,
96 { Norsmal benlthy piants.
03 {2
4 i,
87 1,
7l Do,
0y 114,
37 Ben
i D,
7l Do,
i) Dao.
2 Do,
5] Do.
o0 Da,
45 | Thenithy; some willad Iater.
32 | Nearly ail whicd ntor.
75 | Hoslthy plants.
it Da.
U I 71 | 8o wlited hater,
No inoculation__ #3 | Noriwal weithy plants.

| FPusaris cielmorast from wheat,
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ages of emergence were somewhat depressed by three others, but no damping-off
or other disease symptoms followed. The pure culture of Fusurium culmorum
(No. 303) from wheat again proved to be very virulent.

Penicittium isolates 600 and 604 scemed to depress emergence semewhat, and
about 15 percent of the plants wilted Jaler. Penicillium oxalicum. {No. 601}
recduced emergence to 32 percent. and mosk of the plants willed subsequently.
Penicillinm isolates 602 and 803 showed no apparent pathogenieity in this test,

To test the effect of temperature on cmergence in soil infested with certain
isolates and pure eultures, Spur feterita was planted in sterilized and unsterilizoed
scil from Manhattan, Kans., and from Arlington Farm, Va., aud in portions of
sterilized  Arlington Farm soil inoeulated with cullures of Fusarium, Pythium,
and Pendcillinm isolnted from plantings in Manhatian seil, or with pure cultures of
ecrtuin speeics of these snme genern. The Mungi were prown on agar media ond
mixed with the sail, which was then inegbated for 5 days nt 25° C, before seed was
planted, The plantings were made in triplicate, the three lots heing kept al, 15°,
20°, and 25°, respectively, Eighl days after planting, emergenee data were taken
on the lols kept at 25%nd 20° and 6 days Iater on those kept.at 15°. The data
arc shown in table 18.

TanLe 18.—Effeet of soil temperatire an cmergener of Spur Jeterita growmn from for-
maldehyde-treated seed in unsteritized sail und in slerilized soil uniroeuiaied or
trenculated with varions fungi before planiing

Sojl— Emergenge al—

Sourca [ Bterilization Iaenintion IER AR | L ST e

|

Munhalian, Knas o0 Unsteriiized

Y None 7
Sjepilizen] 45

a7

o

1
1
Fercemt | Percent | Percent
.. i L] 0

o, . ..
Arlington, Y
o .. ...

81

Unsrerilized | T, T 2
Sterifizenl | Codo L . 5
da . Fusarfam ap, No, a1 o
ik, Frgnrfi i sh, Nao a2 72
oo Fooenluorem No, A 4
.ode Foenimorimm No.3gad | 16
e I monififorme No, 33 1 t I

. do Pemiciftinim sn. N, i1 _ &
tin . Wb P oxsdiene Nootn oL 1

o . L Pthinm sy Noo 20 L i

. tlo. e S Noo 3 L 0
o S Puthfe spe (Nos, 5 1o 15, inelusiv ]
e P arrkenalreties Mo, 70 L i}
et P detwrryiepem Hosse No, 74 .. 0

! Tsalaterl frann plants arown in soil from fear Manlatian,
T lanlated frpny seced af foterivg aned later emiited as £ ocifoterem,
3 lgoluied from wheat pinnts.

The organisms presenl in the unslerilized Artington Farm soil reduced ctner-
genee sorewhat more than did those in the Manhatian soil, OFf the Fusaris,
Fusariven culmorum (No. 303} again was the most virulent,  The other strain of
F_oculmnrim (No, 335) was equal o No, 303 al 15% and 239 but less injurious ag 20°
C.  Resulls from fusarinm sp. (No. 350} were similar to those from ¥, ciubmorum
(No, 335).  The strain of & mewiliforme (No. 331) was appurenlly without any
harmful elfeet on emergence af any temperature,

Al the cultures of Pythinm, bolh the mixtures and the pure strains, inhibited
emergence at 15° and 20° C, and reduced it seversly oven at 25, Penicitium
sp. (No. 600) cansed some reduction al 15° and nene st 20° or 25°.  Penicrifinm
exalicum was very severe on elnergenee ak 15° and 20°, but showed no effeet st 25°.
Postemergence wilt, liowever, was very severe ot this latter temporature.

The lots that had been kept at 207 (', until no more plants ewerged were then
transferred to a greenliouse where the temperature ranged (rem about 20° to 26°.
In the soil inceulated with Penicilinm gzalicion, 56 more seedlings emcrged after
the transfer to the higher teruperatnre, but most of these soon showed typical
wilb symploms; that is, the leaves showed pray silvery streaks and beeame flaceid
and limnp.  Some emergence also oceurred in the Pythiwm-infested sail after the
transfer to the higher temperature, Afier 16 days, further observations were
made on stand, and the planis were then pemover from the soil by washing,
Those grown in sterilized uninfested soil were 5 Lo 5 inches tall and had a niass
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of white fibrous roots. Those In the unsterilized soil and alse those in the inocu-
lated sterilized soil, with the exception of those inoculated with cultures No. 331,
360, and 600, were much smaller and had roots that were diseolored and limited i
extent. The plants that emerged in Pyihium-infesied soil after the transfor to the
warmer greenhouse were small and stunted and had very few reotls.

Another experiment involved tests of the pathogenicity of o number of fungi
isolated from ungerminated seeds or diseased plants removed from Manhattan
soil, in comparison with the pathogenicity of pure culiures of some organisins of
the same gencrn from other sources. Separate lots of sterilized Manhattian soil
were inoculated with eight pure eultures of specics of Pythinwm abtained from the
Division of Sugar Plant Investigations, along with two isolales of Pythium, two
jsolates and eonc pure cullure of Fusarium, five isclates of hizapus, five isolates
of Peniciflium, three of Alternarie, and one of Aspergilins.  Uninocuolated sterilized
and unsterilized soil from Manbattan, Kans., served as controls.  Theinoculated
soil was kept 2t 25° C, and a relative atmospheric humidity of 90 pereent for 5 davs,
Seed of Spur felerita, treated with formaldehvde as before, was then plauted in
three separave portions of cach of the ubove lots of soil placed at 15°, 20°, and 25°,
respeetively, and lelt there until there was no further emergenee,  The data on
emergence are shown in table 19,

TanLe 1%.—Effect of soil temperature on emergence of Spur felerita from formal-
dehyde-treated secd in sofl from Muanhatlan, Kans., unsterilized and sterilized
and ingculated with various fimgi

Eutergence at—

[ooerlien ailded $o soil
15° ¢, 2" G, 5% C,

Percend | Percent | FPercent
7 by

! a

i

41

MNone {(eoniral in sterilized soil) .
wone {eontleal in nnsterliized 200}
Pythiint arrhiengutanes No, 70

P, butleri No 72 . ...
P.oeomplens No. 4.

P debaryganim No, ..
P diggnfocem No. 75
Fograminicolam No. 76,
Pomavtiftafim Mo, 17
Powtdmren No. 78 ...
Pyihinwm sp, Wo, 21
Fusurivm sp. Na, 3001
Fugarinm sp, No, 3k,
F.enbrorim WNo, 3032
Adlerwariu sp. Ko,
Alteruarie sp. Mo, #H1
Alternarin sp. No, 242+
Axperpifiuy sp, o, 8001,
Peafcitlinm oznffenm Mo,
Fenicitiinm 510 No e
Pepicfiiinme sp. iNn, Hnt
Peniciffivm s, Na. 6031
Peuicittittm sp, Wo, (051
Rbizopus sp. Nao. 1304
Rhizapus sp. No, 12001
Rhizopus sp. No, 1202
fehizppus sp, No. 1903
Rhizopus sp, Moo I L Lo L.

Bome

Ti
1
o0
35
k1]

4

12

3= -
Ll A Y == R

! Laulaled Trom plants grown in sofl from Manhatian, Kens.
t [solaterd from seed of Joterily and kater identi kel as 2, ol mora o,
3 Isglated from wiheal piant,

All the species ol Pyihivm greatly reduced the pereentage of emergence at 15° C.,
and Tonr of themn inkibiled it entirely. At 20° the effeet was less severe, although
P.altimem Trow., P. arrhenomanes, and P, debaryganem Hesse reduced emergenee
to 4, B, and 11 pereent, respeclively. Toven al 25°, with one exceplion (P. complens
Q. Fischer), there was an apprecinble reduction in emergence in the Pythinm-
infested soil,

Fusarium cultures 303 snd 360 werr very injurious nl 15° C,, and eulture 301
was slightly so,  Allernarie cullure 200 seemed to be sumewhat harmful ot 15°
and culiure 201 was most harnful ot 20° Sspergiling culture 501 produced
no apparent injury.

None of the Pepiefflium isolates had any pronounced effeet on emergenee ex-
cept P, ezalictm, which alleeled il significantly only at 158° C,  But many plants
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succumbed to wilt a6 all thres temperatures soon afler they had emereed in the
soil infestod with P, oxglictan and isolate 604,  The bwo other Pendcilfium isolates
seerned to cause but little wilt.

The different Nhizopus isolaics, possibly with the exeeption of 1203 and 1204,
showed no significant effect on cinergence.

The differences in cinergence in uninoculnled soil that had been sterilized or
not sterilizerd were very pronounced, especinlly ab 15° and 20° ¢

Afler the planis in the Fusariwm-infesicd soil and the Pendciflium-infested soil
had heen removed, thrse lofs of soil weve sieved to remove the ungerminated seeds,
care being laken to disinfeel hands and implements 50 a5 nob to spread incculum
from onc soil lot to another.  The sail was broughl (o the proper moisture eoniont
&nd 100 sceds of Spur feleriia were planted in each o, The seed planted in coeh
lot of Pepirillivem-infosied soil wax firsl dusted with spores of the same furges
originally vsed for inoeulating that lot of soil.  Likewize, Lhe seed planted in the
soil infested with Fusariion cilmorwm {No. 300) was incculated with thnd fungus,
whereas the sced planted in 1 e soil infosfed with Fusarium enltures 361 and 350
was not inoculated. Uninocnlated sterilized soil was included for comparison.
Three fempera{ures, 25°, 20°, and 15° (5, were again used,  Data on the per-
eentages of cmergencee and on the number of planis that subsequently died are
shown in tabie 26.

Tanwn 20.—Fffecl of soll temperature on emergenee and subsequend seedling blight
of Spur feterita fram seed inoculated with Penfeiltium spp. end Fusarium spp. in
soil infested with the respective fungi

[ spoeks plantedd inpaely Intj

Seediings
Fungi nges! for ireeiialion Eawrred al ~ i 1 ghied al—

PO b W | e, e | we e, | oaseg.

.
Percent § Percent | Pereent ! Numher | Nuwmber | Nuother
Moo (pont el in steritized sail} ! H L8 55 15 | h !
Pruiciifiv e ornfivemm No, 660 i ; AN <] 31
Frogirdffinm sp, No, @A) . ; tH) ! [1I
Fenicitfiem sp. No, 602 T I 1]
Feubeiiilnm sn, Ma, (03, .. K i il
Fewivhfioa sp. Noo G i T T . 1]
Frsariam calmoraty Nou W8 ;
Fusgeinm Sp. Na, B . (AL g 12 .
Fugarium gp No, 38000 . . 3 14|
! : 1

T Zead not nealater,

Inoenlating the seed heavily with spoves of Praiedlium spp., or Fusarinwm cul-
wroram, in addition o (he ineealum alveady in Lhe =oil, resnlied i sovere reduetion
I emergence al 15° (%, a considerable reduetion in three weses al 20°, and, in the
case of Penieiftivm, no apparent effect af 25° Most of the plants thai emerped
in the Peniciftivm-infosicd soil at 15°, along will many al 20° and 25°, later died
of wilt. A conwsiderable number dunped olf in the Fusnrinm-infested soil.  Since
a manber of the pleats in the controls 2lso died. it appenrs that cither the soil
beeame somewhnl contaminated or the seeds earvried some organisms,

Extensive pathugenicily tests of the isolates fromn soils obher than that from
Manhatlan were nol sitempled. A fow brief tests wore made of a ropresenialive
number of them, mostiy Pythivm, Fuserium, Penieiltiom, and Aspergilius spp., ot
20° (., along with & [ew selecolivin-forning fungi ned ol her miseellaneous isaliles.
Most of the Pythiww isolates greatly reduced cmergence al 20°. A amuber of
Fugariym eultures eaused some reduetion in emergence angd also some postenier-
genee damping-off, Nooce of the FPewicilliuvm imolnles tested seemed to affect
emergence, bul three of Ehem caused most of the young secdlings to wilt, while
five olhers were less severe fn this respeel,  Phie rest seemed Lo be nonpathogenic
in these tests, as alko were Lhe Aspergiivs isointes and the seleroLm-forming
fungi. More extensive tesls, ander aowider range of environmental conditions,
mighi. have yielded mare positive resnifs. On the whole it seetus that, in the
soils sturdied, speeies of Pythiiwm, probably more thun any otlur organisis, were
responsible for poor cmergence in sorghuwm, espeeially al lower lemperatures.
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Pythinm debaryanwm scems to be the type most frequently encountered, although
other specics 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 serghum (1) tave been reported 1o be caused also by P, arrhenomanes.

Next fo specics of Pythivm, certnin species of Fusarium probahly are most
important in preventing emergence and in causing damping-ofl,  Seed treatinent
was far less ceffcetive in soil infested with species of Pythium than in soil infested
wilh Fusurivm spp.

MisceLLANEOUS EXPERIMENTS

Although Pythirm spp. and Fusariiom spp. are generally recognized as being
abic to parasilize plants, species of Rhizoptrs, Penicillium, and sAspergillus are
usnzlly considered saprophytic. The mechanism by which these Tungi cause
seedling blight has not been fully determined. Johann et al. (6] show that
Penicitlium oxalicum, which “ix cssentinlly saprephytiic in habitl,” ean cause corn
secdlings to die of wilt even in the fifth-leaf stage. Tt does this by praducing
oxalic aeid, which weakens or kills the host eells in ndvance of the penelrating
myecelium of the fungus. Aspergillus niger also is known to produee oxalic acid
(11}, and presumably its action may be somewhat similar io that of P. exelicum.
It might be assnmed that fhizepus and other nonparasitic organisms alzo may
proditce byproduets that break down living eolls in advanee of the myeelinm
and thus enable sueh fungi to attack the pinut tissues sapraphyticaliy.

T'e determine whether certain species of hizopus, Aspergiling, and Pendeiliium
can retard the growth of yaung sorghem seedlings, sclected sceds of Spur feterita,
sterilized for 1's hours in a 0.5-pereent solution of Semesan, were placed on
slants of nuirient agar and the secedlings grown aseplically until the beginning of
the second-leaf stage. Five separate lols of 10 scedlings ench were selected for
equal size and vigor. One loi of scedlings was left unincculated, and the other
four were inoculnted with Aspergilius niger, Penicilliuvm oralicum, Rhizopus
nigricans, or R. {rilici by placing spores of the respective fungi on the agar surface
at the bases of the seedlings.  Afler 7 days five average seedlings from each lot
were removed.  Most of the inoculated plants were inferior te the uninocualated
controls in size and root development.  Their failure io prodace abundant root-
lets was especiativ noticeable. The cther five seedlings in ecach group were
transplanted 1o 2-inch pois of sterile =and and were watered with a balanced
nutrient solution, After 18 davs the five uninoenlated planis ranged from 34
1o 37 em. in height and were growing vigorously. Three af the scedlings inoculated
with Bhfzepuy nigricans and two from euch of the other incculated Tots had died.
The rest of the inocitlated seedlings ranged from 10 {0 28 cm. in height. Those
ingeulated with R. nigricans, R. trifici, A. niger, and P. ozalicum averaged 18,
18, 24, and 18 emn. in height, respectively.,

The effect of the hyproducts of some of these fungi on the growth of sorghum
seadlings was demonsirnted by prowing secdlings aseplically in tubes of apar in
which these funei had been grown, Lhe eultures having heen antoelaved to kill
the fungi.  Seedlings were grown also as conirols on iubes of clean agar. The
seedlings were grown in the tubes far 12 days, when they were remavedd.

T'he seedlings in the contrals ranged from 3 to 10 em. in height, with an average
of 7.3 cm., and their roots were well developed and abundantly hranched. Those
grown in the tubes containing the remains of the auloelaved cultures were much
shorter, the average length of the tops being 4.5, 5.7, and 3.1 em. for the hy-
products of Riizopus nigricans, f. tritici, and Pericitlonm oxalicum, respectively,
The main ronts of these were poorly developed and had relatively few hranches.

The agar in the tebes o which dAapergifivg niger had heen prown falled to
harden aeain after auloelaving, and a small amonnt of Mesh sterile agar was added
aseplically to each tube o harden {he agar sufficiently o permit ithe growinge of
sarghum =eedlings aus in ihe other tubes.  After 2 weeks the seedlings in these
tnbes were less than 2 e, in tength and were almost without roofs, whereas the
10 contrgl seedlings averaged over 10 emn. in length and had abundantly branched
rools.

The ability of these Mingi lo inhibit germination or emergence or to cause
abarted scedlings could easily be the resuil of their attack on and depletion of
the (pod supply in the seed, especially when the seed coat is injured snfficiently
to give the Mingi ready nceess to the endosperm (31, Under conditions that are
mote laveorable for the growth of the saprophytes than for the permination of
the seed nnd growth of the seetdling, ihe food supply in fhe endosperm may be
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ex! austed by the fungi before seed germination has progressed sufficiently to make
the young plant independent.

The etfect of injury to the seed coat on emergence and subsequent growth was
demonstrated by an experiment in which 200 seleeted seeds of Spur feterita, after
having been dipped in alechol and then sterilized in Hyclorite for une-haif hour,
were nicked with a flamed sealpal while 200 similarly treaied secds were not
mutilated. Four pans of slerilized =0il {about 50 pereont saturnted) were each
divided inlo fwo sections with a tight metal partition, and 30 of the nicked seeds
were planted in one end and 50 sound seeds in the other, Tn two pans all the
seeds were heavily inoculated with spores of Aspergilius niger, but in the other
twe no incenlstion was used. One Inocalated and one unincenlated pan were
kepi at each of two temperatures, 20° and 25° ¢, The data on emergence and
the pereentage reduction in emergence from the nicked seed, taken over a period
of 6 days, are shown in table 21.

TasLE ZL.—Effect of nicking the seed and innculaling it with Aspergillus niger on
emergence i Sy folerila germinaled of Lwo fomperulures

J80 seedds planted in each loi}

Erergerter fram seed —
. . Retluetion due lo nicking
Perind soed whipn—
Temperature (°C.) afler | Uningenluted nid=—=|  Tooenbated aml--

planling :

1
Sournd INickvtI Bound | Nigked | Uninoenlated| Inoeulobed

Perernt { Percent | Percemt | Ferceml Prreemt Percent
& -] 40 .0 M.
A6
X7
iR
LG
40, 2
37,3
330

WL T T

Even in the absenee of Inoculation, a slight injury to (he seed eaused a redue-
tion in e amount and specd of cmecgenee, In part possibly beeause of incomploete
seed sterilizalion, butl the reduciion was much greater when the seed was inoes-
Iated.  The plants from sound uningeulaled and inocnlnted seed averaged 5 and
435 inches in height, respeclively, whereas the corresponding figures for plants
from nicked seed were 335 and 21 inches,

The inogulated nieked serds that were recovered from the soil were found cov-
cred with mayeelivun and spores of Aspergitles aiger, N veelivimn was Tound to be
invading the endoaperm, which in nmost eases wis dizcolored and disinlegrating.
The uninoeulated nicked seeds, with few exceptions, were <Ull elean and the endo-
gperms were sofid and white,

A similar experiment was carried out on a somewhat larger seale, and ineludedl
Aspergifins niger ang six other fungl,  Two thousand earefully gelecled seeds of
Spur feterita were soaked in water one-hall hour, then in Hyelorite for 1 hour,
and dried withoul being washed, A sermiuntion test on moist blotters showerd
the treated seed Lo e 88 pereent viable,  Hall of the seeds were then nicketl, as
Dbefore, wilh a sterilized sealpel.

Sixteen small puns of goil were stovilizad and ench was divided into two parts, as
in ithe previous experiment,  Two of these pans were lefl nninaculated for eon-
trols, and the seed ar the =oil, or hoth, ler two eaeh of the otihers were inoculated
separately with one of Lthe following seven fungi: Asperpillus niger, . flaves,
Fusarium aubmornws, F. wontfiforme, Pendicillive ezponsinm, P, eralicum, and
Scleroliwm bataticotn.  Nicked and sound seeds were pianted In each pan on
opporile sides of the partition.  Uninoculiated nicked aned sound seeds were planted
in uninoculated soil as controls.  Two temaperalures, 20° and 25° C., were again
used. DPeriodie ewergence daln were tnken until (he maximum emergenee was
recorded.  Laler o count was inade of the dead or disensed plants.  The resulting
data are shown in lable 22,

At 25°C emergenee from inoeululed sannd seeds was frow 4.3 10 47.8 percent less
than from similar uninoculated seed, and emergenee from inoetlated nicked seed
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was from 8.3 to 69.4 percent less than from the corrmpondlng nicked controis.
At 20° the corresponding percentages were 0 to 85 and 59.5 to 100, Fusarium
montliforme and Penicillium ozalicum were cxceptionally injuricus. In every
case the percentape of emergence from nicked seeds was considerably less and the
pereentage of plants that subsequently died of seedling blight was greater than
that from the corresponding lot of sound seods.

Tawie 22.—Effeet of seed-conl injury and inoculation of seed or soil, or both, with
cultwc? of nariony fungi on t‘?pwrgeme and subsequenl seedling ?J!wk! in Spur
Jeterita grown af 20° and 25°

QRUWN AT 25° C.

Ererzenes from | Reduction in emergenee [ Final stand and hlicli’ed seedlings
seeds that were— follmwing— from--—
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Tn a second similar series, an additional 100 sound and nicked seeds were dusted
with copper carbounte bofore being planted ot cach lemperabure in each lob of
incculnled soll along with undusted seeds.  Datn on emergence and on subsequent
seedling wmorlnlity are shown in tahte 23, With few exceplions, injuring the seed
coat agnin aggravaled preemergence injury by the dillerent fungi, althaugh o lew
of these reduclions in emergence were {oo siall Lo e considered significant,  This,
it is thought, can Lu atiribufed Lo the lack of sullicient invewlum in these coscs.
Tusting the seed with copper earbonale, with one exceplion, Improved cmergence,
the greatest henefits being to the nicked seeds.  Th also reduced the percentage
of subsequent seedling blight in the inoculated series in 12 of the 14 cases ad 25°
C. and in 10 of Lhe 13 eases al 20°,
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TarLe 23.—Effect of seed-coat injury, inoculation with various organisms, and dusi-
ing lhe seed wilh copper earbonale, on emergence and subsequent secdling blight
in Spur felerita at 20° and 26° C.
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