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WHEAT ~Q.AB 

The Fungi Imperfecti as a group have only recently 

been considered important in relation to cereal diseases al-

though many of them have been recognized as pathogens for 

some time. Balley (8-12) in North Dakota in about 1909 ad-

vanced the idea that members of th.:.s group •.,ere very i mport-

ant factors in reducing \heat yields. Some ,ork has been 

done on those forms of Fungi Imperfecti hi ch attack the roots 

of cerea l pl1nts in the soil and also those causing diseases 

of the parts of the plants above ground and eever~l of them 

have been found to produce definite diseases. The 1heat 

scab org::i.nism ie one of the Fungi Imperfecti .hich is para-

eitic on both the seedling and the mature plants. Further-

more, the relation hzs bee~ ehovm of this orga.nis~ to diseae-

es of hosts other thgn heat. Thie ffiakee a ore thorough 

kno ledge of the organism cf very grea t im) ortance. 

PLANTS ATTACKED 

Scab is considered primarily as a disease of heat. 

It is reported as occurting on: TritiCUI1l aest~~um L. (61 and 

others), T. durun1 Deaf . (69,4), T • ....Q.!1Q_Q_occun, L. (59), and_. 

dicoccum Shrank (59). Authentic specimens have been exaffiin-

ed by the writer on the follo ing species of Tri ticum: 1· polo-

nicum L., T. turgidUill L., 1· eativum co nac1~ Hack., 1· durum 

Deaf ., T. monococc'Yn L., 1· spelta L., and 1· aeetivum L. ar-

quis (82,83) of the spring heats, and the Durums (4), as a class 



are reported as bei ~g par~1cuL~Liy suscept ible but none of 

the varieties commonly grown seen1 to be entirely i mmune . 

Barley (61, 37, 59), rye (37, 59), oats (59), and 

several wild grasses are known to be attacked by scab. A-

mong the grasses are Loli um "Qerenne L. (61, 69), Molinia £9,ll­

ulea (L.) Moench (37), Holcus lanaius L. (69), Spartini~ 

stricta Roth. (50), Glyceri~ fluitans R. Br. (50), Agrostis 

pulchella Roth . (50), Panicuni ~· (37), and Paspall.¥ll__E!P· (37). 

Root rots and ear rots of Zea ~ L. are reported by 

a number of .,orkers (32, 31, 69, 42, 29) as being C3.UBed by 

the same organism as that causing vheat scab. The perithe-

cial stag-e is particularly associated ith these diseases. 

An organism considered to be identical ith the one 

causing scab has been isolated froill clover (59), legumes (1), 

potatoes (2, 60) and sweet potatoes (22). 

SY14PTOMQ.~0Gl 

Wheat scab occurs on the kernels, the base or argina 

of the glm es, the rhacis, the culms, and the nod.es. The 

roots and young seedlings ay be attacked by the sa.:.e organis 

~.nd characteristic leaf spots have been produced artificially. 

The disease usually appears on the heads very soon af-

ter they have ej erged fro the sheath. One or more spike-

lets on any part of the he~d or the hole head may be attacked. 

The infected portion is .hi te to yello and appears pre.i:a ture-

1 y ripe . This is in sharp contrast .ith the green glumea 

or heads of the healthy plants. The parts of the diseased 
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spikelete become glued t oge t he r by a g-elatinous l a yer of t he 

fungus (Plate 1). This incrustati ::m is a t first v.hi te to 

cream in color but later changes t •) pink, yello , or orange. 

The kernels fr .,m diseased spikelets are either no t developed 

at all or are small, shrunken , ~nd covered .ith a consider­

able amount of .hi te or very sl ight ly pink myceliultl (Plate II 

Fi g . 1). 

Associated ith the pink or or ange spo re m2ases, a 

little l ater in the season, are small, black, more or less 

sphaerical bodies \hich are covered .ith a characteristic blue 

grey bloom. These a re t he perithecia of the perfect stage 

of the organism (P ~ tea IV~ V). 

The shrivelled kernels of scabby wheat (Plate VI), 

are usually dist inguishable frow those shrivelled fr on, other 

causes, even after threshi~g, by the pink or hi te co or on 

the outs ide. Tne pink color may f ade duri g the inter, es -

pecially if the kernels are exposed t o light . Scabby ker-

nels break open easily and t he interi or is s o e hat soft. 

Kernels shrivelled by rust or on acc ~unt of i aturity usual­

ly retain more of the nor1~l color. 

Seedling blight caused b y t is organis cannot be 

distinguished ve ... y readily fr m s eedling blights due t o other 

Fungi Im: erfecti. In general, ho ·ever, t~e pl ants are stunt-

ed .hen attacked in the seedli ng stage and the r oo t system 

is uch reduced. In iviaual r ootlets may be b r o\ ed and 

~ay eventually break off. Seedlings a t tacked a t t he ground 

line may fall over and die. 
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GE _GRA"DHICAL_J2l.~TRIBUTI() .A.m ECllNOMIC IMPORTANCE. 

Scab on cereals was first described in Engls.nd (61) 

and since then a number of writers in th~ t country (15,21,37) 

have emphasized the importance of the disease. aasee (37-

P . 493) stated tha t it "is not a rare pest attacking the grain 

of wheat, rye, barley, and various grasses---"· Inveati-

gators in Fr~nce (17,18), Italy (38,20,64), and Ger any (69, 

70,77) have described diseases simil a r to scab but the econo -

ic importance ;as net e ~hasized. Scab is in a 1 probab ili-

ty not as important in Europe as t he so e1hat eimilar dis-

e ee hi ch causes "Schneeachi ~el" of rye and other cereals, 

a disease so f ar not reported in America (7 1 681 02) . 

The earliest mention of scab of heat in lforth A:ne r-

ica was f cund by Thorne ( 60) i r. t he report of the A thens Coun­

ty Agricultural Society to the Ohio State Board of Agricul-

ture for 1865. Acccrdi!lg t o th : s rer ort, " et ,eather, rust , 

and scab" h~d re iuced t he yield of ea t. It is not knor.n 

hether or not heat scab as no. understood is referred to. 

The first authent ic report found ;;as that of Chester (14) in 

1890 in Delaware . eed (74) in the same yea r sta ted th6.t 

the yield cf one field of eat in adiaon Count y , Ohio, 

had been re uced from about 40 bushels to 8 bushels per acre. 

He a te (p.48), " '1 .o oth'jr fields -- ere shrunken in yie d 

from tne ea ... e cause at least ._,ne t~_·rd" . 

The general distribut _onl of t he d:eeaee n North A eric~ 

lco1piled fr o a special report frcr t he lant Disease .urvey 
k1 ly furnished by Dr. Haake 1 of the uni ted States Dcpart­
a .. ent of Agriculture 'lna. als o fr re .P. Fraser of the Do L­
ion Experiment'.1 Fa r1 1s of the DotuL.1on of Canada. 
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is shown in Fig. 1. Scab is present in a 1 of the ;heat 

gr ov. ing regi ons east of tne ississip;:' i and also in North 

Dakota, South Dakota and Nebraska . Utah, here the isease 

occurs infrequently, and Oregon are the only .este .... ·n states 

from hich it has been reported. In Canad.a the disease is 

reported t o be prevalent onl y in the mariti rre provi 1£es -

fo va 8co-cia , Quebec, ~ew Bruns i.i ick, and Pri nce Edward Island. 

It occurs i n Ontario t o a li ited exte~t in wet seasons, 

.No record of' the presence of t he disease L1 the , stern pro-

vi cee has been received, al though exte _ s ive surveys .. ere 

m9 de i n t he sumhers of 1917 and 19181. 

The damage done by the heat scab organism is uite 

variable fr vm year t o yea r i n the different secti vns of the 

ccun try. In 1905 and 1907 the grain i n the s pri g heat 

belt was severely attacked and the losses of fro, 5 to 10 per-

cent of t e crop were reported. Serious age was done 

again in 1915 and 1916 in the same area, hile in 1917 and 

1918 the losses re not B® great. 

In certain parts of t he i~ter heat a rea of I linois, 

hio , ~nd In i a na, the dise ~ se is prese nt to a greater or 

lesser extent every year . The losses re large in 19 5 and 

1916 and even greater i n 19 7 and 1918. In 1918 heat in 

Tennessee and Kentucky was even more severely attacked than 

: n hio and Indiana. The production or i nter heat in 

Illinois in the same year was reduced five percen t hile in 

Iowa the disease as more c_ on on spring th an vn winter heat . 

1 I;;;r~3.;~"n kindly furnished by Dr . . P . Yraser, ~ot g.~is~-
at the Dominion Rxperiwental F<.ir ... s ot· t .te D::;pa rt ent cf 
Agriculture of the Dominion of· Canada. 
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qQogropfJical Di~t1·1bu1101) oj 

Wr:Jear Scab 

Figure l. 
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In Kentucky scab is eaid to h:ive been eec )nd to leaf rust in 

am< i.mt of infecti cn in 1918, and caused greater losses than 

any other cereal die ease. The percentage cf infection on 

the heads varied fr crr, ten t c one hundred1 • 

In Minneso ta the disease has been re orted in practi-

call y all of the counties in the southern half of the state. 

It has been f ound as f ar ncrth as Norn.1.an Cuunty in the ies t-

ern part cf the state. The losses in Minnesota are gener-

ally not as great as they are in the 1i r.. ter .heat regions of 

Indiana and Illinoi , but the annual loss of heat from scab 

varies fr cni one t o five percent . The reducti t.n in tl::e 

yield of ~heat . s estimated at five ercent for t he state in 

1915, and it ~s only alightly lees i ~ 1916. In 1918 the 

disease yras quite generally present in the southern counties 

of the state but the damage as practically negligible. 

PREVIOUS I __ E~.TJGA}J0 __ 

mith (61) in Engl _nd in 1884 first described scab 

on heat , barley 1 and Lol iurz er~m1e •. He also described 

the three Fusaria associated ith these diseases . He said 

(p.209) that the fungus attacked, "chiefly --- those plants 

hich have been more or less invaded by corn ilde or other 

cereal fungi" . 

acAlpine (36) in 1896 mentioned a disease a· ,heat 

near "elbourne , el Eo~th alee , Australia and deac~ibed the 

1Re~ort on heat scab fro~ the United ~tatea De~art e~t - cf-­
Agricvl ture Plant _is ease urvey. 
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organie associated Yi th i t . He found salwon colored patch-

es on the stem, especially at the nodes and on the ears . 

Rusted heat as particularly susceptible . 

Chester (14) reported and described the di sease on 

~.heat in Delaware i n 1890 . 

Griffiths (21) i n England suggested, ae means of pre­

venting the di sease , so ing only nei and sound grain of .heat 

and barley, and also advocated steeping the grain i n a solu­

tion of iron sulphate (1 to 2% solution) for from t ro to three 

hours before sowing. Arthur (3) noticed a disease of cereals 

\ hich he thought :vas the same as the ona a.escribed by S i th . 

He considered that the reakened condition of the plants f~vor-

ed thy attack of scab . Late so and poorly gro, heat 

suffered most . A difference in the time of flo ering s 

thought to influence the prevalence of the 1ise se. Hie 

c nclusions ere that , "vi rous o th and e rly blosso ing 

are the chief safe gu~rds against the dise ee • 

Hickman (23) attributed the ea~er a cunt of dis ee 

in 1892 to (a) lack of proper prep ration f the see bed, (b) 

l c.. ck of vigor of the seed, c) later ri ning f such .. he t , 

an~ (d) defective r inage . 

Pa el (41) reported s ome varietal differences in eue-

ceptibil i ty of heats t o the di sease . ".neat Bl ight" , "Blight 

ed Heade ", and "·heat Scab" ere con.i.tD.on n ea use fo r the 

ui ae se at tha t ti e (1890) . Buckhcut (13), 3eeeey (6, ?) , 

Kirchner (35) , Sorauer (64) , and Det era (lS) all des cribed 

the disease briefly an the organisms ass ociated ith it . 
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Selby (56- 58) and Eelby and Manne (59) in Ohio gave 

c nsiderable attenticn to .heat scab . Perithec1a, .hich 

proved to be those cf Gibberella ~aubj_etii ( nt . ) Saco ., 

.ere fcund aesocia ted v:i th the disease and Fusar_i.:b!-m roeeum 

Link raa the ref ore cone idered as the CL.nidial a t age cf the 

organisnl. The fungus ~.as present on tre glumes end etra 

of heat and on stalks &nd stu~ble of corn. Asci di~appe~r-

ed in .inter leaving spores free in the perittecia. The 

fungus \as f ~und to be carried over fr . ye~r to year i. the 

seed and both those kernels capa le of g-erz.ina tion and those 

hich ere dead .ere found to contain the fungus . Success -

ful infection ms obtai.ed by inucLlati ns c. rye , oats, bar­

ley a r..d spel tz ,,i tt the fungus t .... en fr o .heat . They con­

cluded, therefore, that all the species described by other 

riters on different cereals .ere probably ide tical . An 

aggressive paraEite on clover, indistL.c:; •istable fr the one 

on \,teat , ,as four. to cause seedling' light cf .heat, oats, 

clover, and alfalfa but no .. en: :!..en as _ade of inocule ti ns 

on beads. 

Hoffer, J o .n er.., and Atanasoff (~l) roc.uced typical 

scab frcr11 Gi bberella obtained fr rt; corn roots and e talks . 

Hoffer, and Folbert (30 , 29) and Holbert, Trost, and Hoffer 

(32) found a relation bet ~en the a cunt cf scab on .heat and 

the ~reeence or absence of corn in the preceding rotations. 

Johnsrn (34) isolated FusariUIL cul .orum ( . G . 8~.) 

cacc . in pure c~lture frow .il t ed oat aeedl~ngs . The per­

centage of gerr..ination ,as uch l o er in tr.e pots of sterile 
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seedlings than that of the ccntrols . Field experiments gave 

~uch the same results . 

Berthault (5) fcund Fuearium rubiginosUI;J. Ap & ·r.1 

so constantly present in foot rot of cereals tnat he consider­

ed it to be one of the causes . 

Rostrup (45-48) , Ritze~a Boa (4~) , eaterdijk (76) , 

, or~eneen (39) , Volkart (72) , and others demonstrated that 

Fuearia c uld be carried in the seed but they dealt ainly 

.ith the organierr. causing "Schneeschi .el" . 

etalm.an ( 65) de so ... ibed the effect 0f the or ganiem 

isolated fr om scabby seed er.. the roots of ;heat seedlings 

gro m in Sach ' s modified agar _edia. Inoc lated plants 

ere genera ly f cund to be stunted an produced very ah~rt 

roots. The innermost p~rt of the cortex cU1d the vaecvlar 

tissue of the roots a fuund t~ be est h ~vil ·nfected., 

and discrganizati n proceede out to .ard the e i ·er is . In 

the central cylinder of the root , "the hyphae see ed to te 

~ainly intracellular hile i . the cortex they ere pri arily 

intercellular and puRhed the cells apart" . 

A a.isease o e ,hat similar to heat scab attacks rye 

and other cereals in Europe and is kno. as "Schneeschi , el" . 

It is a.es cri bed as beginnin g under the eno , and, .hen the 

enc 'l ·el ts in tee spri .. g, .hcle patc .. es cf tne ou.ng seedling'S 

.ill be found lying lacl·ened s.nd dead n the grcund .i th a 

hi te or redd:eh grey myceliur covering then .• 

pe~rs ver1 rapidly after the sno is gene . 

This disap ­

A s e c-..r.dary 

1 Sherbakoff ( 60 ) gave F. rubi ginoeum Ap & r as a synonyz 
of F. culm0ru~ ( . G . ~ .) Saco . 
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infecti -n on tbe he de often takes place (55) just before or 

dur :'...ng harvest . Bread ade from the dioeas d grain (68) 

causes dizziness , headaches , end a tendency to vcmit . The 

or ganisrl!B ase: ccia ted ,i th the disease ( 54, 79, 43), the life 

histcry of the crganier .. s (62,63,55,43), and the c _.ntrol of 

the disease (55,40,24-27,28,75 , 68) are discussed by a nuwber 

cf ·orkers . This isease is nut pre&ent in A erica as far 

as is kno n. 

The experir11ental ,ork in the present pa er :as under­

taken t c deter~ ~e ere definitely (1) the orsanis , or organ­

ism, associ~ted ith t ... _e disea e , (2) the lift: hist ry of the 

crganis~, (3) cor-tributifig factors influencing the presence 

or absence of the disease, (4) the varieta resist nee or 

sus cepti bili t r of heat, and the ho t range of the or ganis'"" , 

and (5) the pos i ble means ~ control. 

ETIOLOGY 

DE CRIPTir rF THE CAUS.L ORGA rs F 1HE T c::cAB 

Considerable variation in the color of the spore 

~asses was observed on the heads of scabby cer ale in the 

field . Cultures of Fusaria mure or lees si ilar to those 

frc~ .heat scab ere obtained fr om nodes , roots , · nd blight-

ed seedlingel, as 1ell as frc decayed potatoes 2 • Further-

~------- --- - ---- --- - - ---
1rscla ted by Louise J . Staklli&n of thke l~ooratvry. 
2 
Isolated oy G. R. Bisby of th _s laboratory. 
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ore , cultural characters f the eat scab organisw itself 

.ere often variable. It as, therefore , important to e-

ter ~ine .hether more than one type of Fusarium s associated 

' ith eeab, and hether the organisll;S fro~ other parts of the 

plants .ere identical ith the scab fungus. 

For that reae en cultures of Fus aria fr cm various parts 

of plants of cer ale, frcm different l ocalities , ere co ~r-

ed on a nun.ber of ~edia . The follo i .g kinds ere used: 

potato plugs ; sterilized heat, oats, bar ey, and rye; tubes 

of ~otato dextrose agar, beer ort agar, rice; plates of 5 per­

cent potato dextrose agar, beer crt agar, and oat agar . The 

tubes 1ere kept at roo temperature , transfers being made fro 

each strain1 to the saree medium on the same day in order that 

t he cultures might be comparable. 

i. the ther , cs tat at 25 degrees C. 

Petri dishes .ere kept 

These ;ere inoculated 

fr L. tube C'lll tures .hi ch ere only t c or three days old, as 

CvnsiderEb e dift'erence in the rate of gro th a no ticed 

hen transfers ere ~ade fr offi tubes of different ages . As 

near as possible the ea e amount of incculum as transferred. 

"nly n:ycel ·u ... ,as used a.a. s ... ores re _uired ore tin:e t o etcrt 

grov.th . Tubes fr offi hich the pl a tes ere ~cured ere f il-

led tc the san:e level and petri di shes ct equal dia eter ·er e 

used t o i sure the ea e thickness ~ .ediu • 

Single spore c~ltures 2 ,ere ~bt~ined .herever a suf-

f cient nu~ber of s_orea ere availab e . Cultures fr om 

fA "str:in "~ used-in t.:e paper is an is lation fro~~;­
i r diviQual plant or part of pl ant. 

2 
A slight odificati n of the ~ethcd of obtaining si~gle 
s;.re cultures as used by ~herbakoff (60- p . 104) was f ound 
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scabby material of ten never eporula ted but no consistent dif­

ference between the PiLgle s~c re cultures and those of the o­

ri ginal ie olati'J!l.S ere noticed. 

The fungus is cl ated fr vm scabby kernels or spikele.ts 

were f ound to have t he follo .ing char acteristics hen grown 

on 5% potato dextrose agar: 

The aerial r •• ycelium after t he first t\ enty f our 
h . urs gro.i.th as light, flocculent, and hyaline or 
very slightly pink in t he center of the colony. 
V1ben t he col ony was 2 t c 3 da ys old, pink , red 
: nd orange pigpient as characteristically present 
in a lar~ proporti on of the aerial myce i um , the 
ren.ainin g being hyaline . The mycelium in · the 
substratum was, nor na. ly, colo red U;Ore deeply than 
that above and varied in color fro a brilliant 
brick red to a light red. No orange color was 
observed i n the substratum. 

Cultural character is tics on beerwc: rt agar - e very similar 

to t hose on 5 percent potato dextrose agar. Co l ~ niee on 

oa t agar, however, were e .all and t he myce iu , hyaline even 

a fter t c eeks 0 h. A slight am unt of aerial mycelium 

ras observed on the colrmiee fr o ... scabby materia l h1le cul-

tures fr om the diseased r cots, n es, or bl i ghted seed ing-s 

i i1 general gre Qnly in the substratum. 
·-------------------------------~ 

t o eave c ~nsiderable time. Several dicps of sterile distil­
led T.ater , about 0 .5cc a ch, ere ~ut in a sterile petri dish. 
2pores v;ere transferred to one of these dr ops and carefully 
mixed thru the liquid. A l oopfull was then transferred t o 
a slide and exa~ined under the icrvsccpe. If t here ere 

ore t han 20-30 spores vn the elide a ei ilar l oopful l ~ 
tr~ns ferred to a second drop in the petri dish. Usually 
sufficient dilution v.as obtained i~ th _s ~anner. A tube of 
agar .hich had been c0oled t o 40-45° 0. ae then i no cul~ted 

i th a loopfull conta in1.ag the pr oper nun:.ber of s po res. 
One dilution transfer was then made and bo th tubes poured. 
Fusarium spores ere f ound to gerfuinate i n agar at 2s0 c. in 
10-12 hours. If it ere necessary to keep theill longer they 

ere kept in the ice box . The s pores we r e f ound easily i th 
the lov. po~·er of t:1e L. icr : scope and t hei r pos i ti o located 
ith a drop of ink . 
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Cul turee of Fusaria obt c.J.ned fr , , diseased roots ere, 

as a rule, easi y dist i~guis hab e fr o, the scab organism 

(Pate VI I Figs 1 & 3). The colonies on 5 percent potato 

dextrose agar ere uch more collipact in gro th and generally 

either pure hite or very pale pink in co or . The gro th 

TABLE I 

HOST, LOCALITY, A D PART OF HOST FRO I CH TYPICAL 

AT SCAB ORGA,IS .AS IS 0LATED. 

r Host ~Ple.ce of col ecti n Part of plc.nt I 
fro 1hi ch i-
solated. 

I Wheat (Marquis) 1 Albert Lea, i. n . ~eede 

heat (?) 1 t. Paul , inn. des or roots 
I II I Indiana l .... cabby heads 

" ( :inn • 4 70 ) Et . Paul, i .n. " 
Ti. cthy* n !Leaf spo t 
Alopecurus pr a t¥n- n n n 

sis I 

Lindetrc . , ' inn. 
1
° o;bb y heads 

I ? " 
Zu orota, . inn . " " n Far ingt n , inn. 

I 
n " 

" Brooten, ir.n. n n 

St . Pau , _nr .• I n n 

(Fulcaster) Jacks en, Tenn . " n 

n Kentucky n 

Barley 1 abaeha, inn. " n 

heat (Club) 1 "t . Pa. 1, inn. " n 

n (Dururi ) Brookings, ~.D. n n 

n ... l o ir:gt • I Il . J cab ~Y seeds 
c rn ~s eet~ I <:?t • Pau I 

·1 n. a r 
n Field Deer Creek, inn. n 

n 3loomingt cn, s.n. n 

Elyn.us ce.nadensie ortt. Dakota ,rode 
Vbe a t " n Pe eds 

• Artificial incculati ~ns. 

also as ~uch lees rapid in est cases (Fig.4). he colon-

lee of the e cab or ganiem averaged fr v.. 8 t o 9 cm. in dia eter 

s fter three days growth, hile the average size f or the node 
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or root organism was fr c. 4-6 c~. In only t ,o cas es e a 

culture obtained fr c.1 nodes or roots h_ ch was ty ... ical of the 

•;hee, t scab fungus (Table 1) and atypical cu.L tures ere never 

is elated fr : l• scabby materia l. The cultur al chara cter-

isti cs of t he Fusaria is 0l a ted from r ottin g potatoes were i n 

no case i dentical ith those of the hea t scab organism. 

One culture isolat ed fr n a head of neat hea vily 

==-==~= __:;:;==-~=e....::;.t=i=i ( ' n t • ) Sa cc • , h i ch at 

f irBt was identical culturally ~it h the heat scab fungus, . 
eventually lost all the c ~ l or, prod ced much lees vegetative 

~yceliu. . , ~nd any bright yel lo mass es of spores . As far 

a s could b e detera ined these sroree ere t yp ical of the heat 

s cab organis m. 

The res lte obtained indicate that, culturall y, t here 

is ne type of or ganis m hi ch is ~sso ciated ,ith scab of cereals 

C ns idera.ble variation was observed ithin this gr cup , ho -

ever, and inoculation exFeri ents may ori ng out different in-

fection capabilities for some of the different strains . 

Conidi 

.Me.croenores ere examined fr om scabby heads of several 

va rieties of heat and of rye. Considerable diffe rence .• as 

observed bet .·een the s ores from the various hosts. There-

fore, one huna.red spores from a nu l::er of variet iee ,ere meas-

ured . Only material collected in the fall of 1918 as used, 

because non-vialbe spores re f ound t o be considerably shrunk-

en in size. 
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A distinct tendency toward morphologic difierences is 

noticable bet~een spores produced on the various hosts (Fig. 2, 

Plate VIII, Table II). The spores taken from Velvet Don 

1heat, for instance, are shown to be predominately short and 

narro (Plate VIII, Fig. 1) hile those produced on Minnesota 

163 (Fig. 2) are long and broad. Spores fro innesota 470 

(Fig. 3), on the other hand, are ide but a much larger proport-

ion are shorter than those from innesota 163 (Fig. 2). Spores 

produced on rye (Fig. 4) are as ide as those taken fro inn­

esota 470 but the mode is much shorter. 

Ho ever, eaeurements of spores fro t o different 

heads of heat (Figs. 6a and 6b) varied considerably in idth. 

A larg-e number of measurements of spores fro diiferent heads 

.ill have to be made and inoculation experiments carried out 

before any defi ite conclusions can be dra.n. 

The s ores from scabby heads ranged in size fro 

29-72 x 2 9-5.Bµ(Table II). The averc.. . s 52.6 x 4.5,AA.• 

The number of aeptations varied fro 1 to 9, tte average being s. 
o measurements of t e ~icros ores nor the chl ydospor s .ere 

made . 

Ascospores and A oi 

Only a s all nUIL..,er of measure enta ere made of the 

perithecial stage of the organie , as very little aterial as 

available . Ten mature a.sci (Plate II, Fig. 7) rere measured 

and they rang-a in size fro· 58-78 x 8-14,f"• Eight spores 

ere in each a.sous . The spores (Fig. 8) measured 20-27 x 

3. 5-5 .. 8,µ... 
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TABLE II 

RESULTS OF EA~URE ENTf OF QPOREf DEVEL PED T SCABBY HEADS OF VARIETIEf OF BEAT AfD ~FRYE. 

Host 

I 

1 Averag-e 
t-----

- l Size 
I 

I 
I Rye 

I 
I 100 . 6 
I 

/hea t ( fl rquie) j 

heat ( 'inr. . 4 70) 1 

e, t ( 'inn . 16 .... ) I 

100 

100 

100 

( inn . 1594) 1 100 

52 . 6x4.7 

52 . 4x5. 0 

53 . 5x5. 0 

6 . 9x5. 0 

'he~ t 

\"~eat 
I 

(Velvet en) 100 49 . 3x3. 8 

(Preetrn ) 100 9 . x4 . 8 

___ J ___ J_ . 

Mode 1 Extremes -----+----- ---- ------------ ---
~ epta­
tione 

£:: ize t epta- 1 Si ze 
ti0ne 

it:epta..! 
ticne 1 

·-- _. __ _ 
I . 1 I 43 . 

. 6 

. 6 

4 . 8 

~ . o 

4 . 3 

. 1 

~8 . 0x5 . 8 

55 . lx5 . 0 

o8 . 0x5 . 0 

:i5 . lx5. 0 

I 52 a 3x5 . 0 

5 

5 

5 

5 

5 

I I 

- -- --- --l---
I 

31 . 9-ss . ox~ . s- 5 . s 3- s I 
29 . 0- 66 . ·x2 . 9- 5 . 8 

29 .0-72 . 5x2 . 9- 5 . 8 

... 7. 7- 72 . 5x 3 . ··- s . s 

34 . 8-66 . 6x3 . ~- 5 . 8 

l -7 ' 
I 

: -7 I 

5 34 . 8- 63 . x: . .. - E. O 1 1 - 61 
I 

5 . 31 . 9 - u0 . 9x2 . 9- 5 .8 1 1-7 , 

1 
___ 1_ 
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Taxonomy 

No satisfacrlory description of the heat scab organism 

has been found. A sum ary is given in Table III of the dif-

ferent species of Fusarium deecribea on cereals and grasses in 

America and else\here. The spore ~easure~ents of Fusari 

roseum Link as given in Saccardo (50) on species of Gra ineum 

in Europe agree more closely vith the measurements taken by the 

riter than do any of those given for F. oul.lUorum (several 

authorities - 52,21,60,36,78 and others) . The nu.:uber of se -

tations, ho ever, are not the sa~e. F. roeeum Link is also 

given in Saccardo (49) as the conidial stage of Giboarella 

Saubinetii ( ont.) Saco. on Triticw, Zea, and a number of other 

hos ts. The spore measurements are shprtor and ider than 

those of spores found i n the vacinity of St. Paul but then 

ber of septations is the same. 

Gibberella Saubinetii (Mont .) Saco. is apparently quite 

consistently associated ith heat scab in America. Selby {So) 

in 1898 first noticed this aacigeroua stage 1 conn~ction 1th 

the Fusarium disease. He, there ore , identified the conidial 

stage as Fusarium roseum Link. oat other itere (6 and 

others), ho ever, have ~ccapted th- n e given oy S 1th (61) -

Fusarium [!usisnorium.J culmorum ( . G.S .)Saco a ~nd this is 

the mame generally used in the Unite ~tate ~t the pr e t 

ti e. 

ollen eber (78) described fou strains of Fusari n 

B· et potatoes , one of hich produced perithecia consistentl 

and .fas identified as Gibberella Saubinetii ( ortt.) Saco. 

------~~~~~~---1-6-------------------~~ 



TABLE III 

C!PECIEf: ()F FUP ARI 1' DE ... CR I BED CEREALS ND GRASfES 

1
,-- - -r;~iem -------,- A~~hori~y _-+ ________ Hoe~------,~ocali ty ~~epta~ t'pore ! 
IF. andropogonie Cooke --+Sa.cc< rdo(sl)- 1 Androp:gon virg1ne a e \A~rica. -- 3-5133-40~--; 

1 I 1 1one I :1e asuremente 

IF. culmorum ( i. 8 • )~acc. " (52) 1 'lriticum sativum I Engl a nd 3-5 128-32x6-8 I 
F. cuirno rum (citation?) Ferraris(21) Cereals Ita ly --- 30-40x8-11 

IF . culrnorum ( . Sm . )Saco. , ..... herba koff ( 60 ) Potatoes & cereals ----- 5 ! 37-40x5-6 
,F . culmorurn M 'Alp. ac.Alpine ( 36) ' hea t 1 N . S . a lee 5 1 30-40x4-5 
1F . cul oru ( • Sn:. .) ace. 'I ollen .eber ( 78) Species of gramineum i Eu & Arn. 5 ! 30-45x5-7 ( ) 
1Fus ieporiun cul orum • Em(b) Su.i th( 61) heat 1 Englz nd 3-4 I 32-50x5-7 a , 
,F . gramineum Corda ... accar o(50) Ze a aye I Eu & Arn. 1 ----------

IF . heteroeporiu~ ees. I " (50) £peciee of g1'amineum 1Eu & Am. 3-5 130-35x--- , 
\Fueieporium hordei W.f!m. 18 ith( 61 ) Hor deum vulgare 1 .l!.:nglc-.nd '"'-3 , 27-37x5(a, 

IF • .horde i ( . f:w . ) ... a cc. 1c-acca rdo( 50) " " 1 Den nark 3 30-32x5 
~ F. ineidioeut (Berk.) Saco. " (50) Agrostie pulchella l bngland 1-5 I 50x----
(J) \F . lolii ( .sm. )<::acc. " (52) Loliun: perennie En gle.nd 3 1 28-30x5 ) 
1 lFueisporium lol1i .Sm. 'mith(til) " " Englc..nd 8-3 ' 20- 30x2-4(a 

IF . maydis Kalchbr. 1 'accardo( oO ) 7e a ye .!Lur ope 1----------
1F . iniatulum .. acc . 1 " (51) 1 cecale cere le 'j ll'r cnce 3 'I 19-22x4-5 
IF. minin1 Fuck. 1 " (50) Dying gra ·ineum 1'..urope ;, 14x3 

IF . ni v c le Cea. " ( 51) er e a le 1 t a y 1-5 I 14-20x---
F. niv le (Frie£ ) ccr~uer 1''errarie( 20) r ain l:u---&--Am. : 30- 36x4 'IF. roe eum Lk. c accardo ( 4 9 ) " ri ti cum, ne a , etc. ""' 5 j 24-40 x5 
F. roseum Lk " ( 50) Gra? i l;.eum .l!..ur ope 3 I j3-60x4 

1F . roeeull.l Lk. " (53) Visci albi(dead ) 1 .1!.urop e 3 l 42- 5x4-5 
'F . roeeu~ Lk. l (53) on icerae t a t a ricae .l!..urope 1-3 30- 40x3-4 
!F . roeeum Lk. t

1
Ferrar1e( 20 ) he i=i t .h.ur ope 1---------

tF . rubiginoeu Ap . & • ( b) Appel & oL en- o t a toes ------ 5 ! 32-44xb-7 
I eJer(?.) 
lF • echribauxii De l a cr.( ) f~ccardo(5) 
l~r=~ici Erikes. ----~- cca r dc, (51) 

(a) 

'Lr tic eativun.i 
riticum durum 

1 11· r ance 
E .e den 

Approximated fr o the d r a in 
(b) Given by eher koff (91) as aynon oue .1th F. culnorum ( . i:::m .) <::acc . 

4 
I 1-2 

35-40x6-7 
12-20x -2 
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It seems probable, as is suggested by ollen eber (78), 

that there are several forms of Fusaria hich •ay cause scab. 

Inoculation experiments and more extensive spore measurements 

ill have to be ade .ith the various organisms before this 

can be proven. 

LIFE HIST JRY OF THE CAUSAL RGA rs 

Infection and Subse _.;.....;;;..-.;;.. 
ent 

The complete life history of the he t scab organie 

has never been very satisfactorily orked out. Infection 

of the heads, hich is in all probacility brought about by 

vind borne spores , takes place any time after ~he heads emerge 

frotn the sheath. The exact ti e of intection is apparently 

dependent upon the 

ripening time. 

oieture and teit:perature con itions at 

en infection takes place .hile th grain is 

still in flo er, the ovary ceases to gro (Pl te II, Fig. l, 

Plate XIV, Fig. 1). If, ho .ever, infection occurs later, 

the kernels may develop some hat but are filled 1th the fungus 

and, hen the heat is mature, are hrivelled(Pl te VI, Fig. 1). 

Such ernels are covered .1th 100se hite yceli 

beco ea pink. 

hich l"ter 

The mycelium also gro e in the glumes and rhacia of the 

host. It may be quite abundant bat ,een the glumee and le a 

and palea, often filling the space ith a loose eft of the 

fungus. The outer surface of the glumee bears the spored chia 

on hich the conidiophores and co idia are formed. The ass-

•D-.-..----~~~~--------~1a~-----------------------1111~ 



es of these conidia form the pibk or orange covering over the 

surface of the glume or rhacie (Plate I). 

The perithecia are produced from the same myceliurn 

as that on· hich the conidia are formed. The perithecial 

stage hae not been observed ithcut the presence of F!.l.Sarium 

spores , although after intering out of doors the latter may 

become very rare. No ature asci developed in the erithecia 

collected in the fall of 1918 on the plots at University Farm, 

St . Paul, even in the speci~ens put under special conditions 

for intering over. Perithecia on heat heads, ho ever, 

obtained last fall fro Indiana contained fully atured asco­

spores at that time. 

Over lntering 

The c nditions under hich spores and ycelium of 

the heat scab fungus ay live over inter are not definitely 

kno m. Heada of ecaboy heat, sca~bY kernels, and cult ea 

of the organism ere, t erefore, laced under a. n ber of if­

ferent conditions in the inters of 1917-18 and 1918- 9 . 

·yceliun: 

Cul turee .ere ade in the spring of 1918 fro the 

mater ial kept over inter in 1917-18 (Table IV). The organ-

ism s ob ined fro the kernels in pr Jtically every case. 

uch of this material r.as in the laboratory until the spring 

of 1919 and the fungus :as f ound to be alive .hen cultures . re 

made at that time • 

• s ... ----~~~~~~~~----1-e-----------------------~ 
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TABLE IV 

RERULTS F OVERWINTERING STUDIES OF SCABBY MATERIAL~ 1917-18 

Cold store room Outside on ground 
Location of thy aterial 

Ice sox Thermo-
10 C. Stat 

25°0. 
1--------+-r- ---~--------

Light Dark 
- - ---------- ----+--.--

Ho kept A B A B A B A 
~--- ·--- ---'1------- - _ .___ _ __.__~,__-.+-----i----~---+-----+ 

Heal thy seed 

Scabby seed 

Scabby seed 

Scabby seed 

Inoculated seed 1 

Inoculat d seed 

Cloth bags 

Do . 

Petri dish 

Do 

Teet tubes 

+ 
+ 
+ 
? 

- I + 
+ 
+ 

t 
+ 
+ 

+ + + + 
+ + + + 

+ 
+ 
+ 
+ 
+ 

B 

Light Dark 

A B A B _ ___,,__ __ ------~ 

+ 

+ 
+ 
+ 

- I 
+ 
+ 
? 

+ 

I 
I_ 

+ 

Inoculated seed Do 

,_+ l ~-J + ----~-_...· _+___._ 
+ I ---. ___ L _ _._____. ---1 + 

A - Culture April 1918 

B - Cultured April 1919 



The conditions of the experiment and results of the 

cultures made fro the !aterial put under special conditi ns 

in 1918-19 are given in Table V. The three conditi ne were 

in tended to simulate a store house for grain, ~ld gr~ssee left 

standing in the field, and stubble or the soil . In ach 

set part of the aterial as kept in the li~ht and part i. the 

dark . Unfortunately the third set as estrcyed accidental­
TABLE V 

RESULTS OF OVER INTERI . G STUDIES OF SCABBY MA ERIAL 
191$ - 19 

Outside Inside Outsi e 
!aterial 

Light Dark Light Dark In snow 

Scabby kernels 
6 • 10 g 4 Destroyed 
T4 11 9 10 

Kernels fron: 6 2 5. 2 " 
scabby heads 9 2 10 2 

Perithecia. 0 0 0 0 ti 

•Denominator tie number or seeds cultured, 
rater thn number containing the org-nume 

anism 

ly before any d~ta .ere taken. Just as in 1918, the ycel-

ium in the kernels survived under all the ccnd_t:ane of the 

experh.ent. 

Spores 

Hanging dr 0p cu tures ,,ere ... de of spores fr ...,m tb e 

ea e m~terial .hich was over i ntered n 1918-19 (T~ble VI). 

Very slight ger1.L ... ation ,as obt ~ L ... ed .her~ the material as 

ex~osed to tLe light, hether i~side or out of doors. One 
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hun red percent ger1uination of the spores i !l one ea. ple :as 

obtained but it seemed possible that the e ores o_ the latter 

were not typical of the wheat scab orga.nie • 

shorter , more pl ump , and on y 3 t o 4 sept ~ te. 

Th y ,ere 

A large 

percentage of the s _ ores ere viable hen kept in the d rk 

either i nside or utside . The average ercentage of ger-

mi nati n f those kept i n ".;he dark outside .as nt::arly t ice 

as gre a t as that of those kept ~. t ne dark i e ' de . 

TABLE VI 

RES TLTQ F GER 'I TE Tl=: ITH f ORE, 

KEPT DURI. G TTER ..,F 1918-19 

Test Ins-lde _ _ l ___ uts i e 

no- ~~ 
+----- ·--,- Cf~--JQ_~ri"-= J~i p,- t 1 k 

lL I :erc~~t~r--- _ge rj( i~· ~ 1:0 
2 

1 
lOO(a ) 50 0( ) , 100 

3 .L I 75 O(b) I 100 
4 0 25 0 (• ) 0 
5 l . 5 • 5 0 ( b ) 90 
6 0 O · 0 50 
7 0 85 00 
a lo . 5 ~o ( c 
9 0 25 I --- 50 

10 O(b ) 100 I --- ---
_J J_ __ L -

A·;-~-1.1--, 43- I 0 I 71 
, .--.!.-' --··--·---' 

~(a-r-)_o_p-or~s not typica l ~ t.e 
r g3.n1ar .. . 

( ) r 
v e~ y fe eporeA f ound. 

hea t scab 

(c) , oieture lost i r h ngL g a.r p . 

opore ,hich e_e viable ere eaAil dist · nguir; h e, 

after f·ur hours i n sugar soluti • , fr those hich ,ere eed . 

Viable spores era e ollen , tne cc.tents _anul r, nd in 
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:t'e . cases ger tubes had developed . 

shrunken and less granular . 

Non- vial spores ere 

iard (73) iL oat cases obtained a higher ercenta 

of ger:nin~~tion ·it!'l sp:res o:t' P'"cc:..nia diP. ersb. (Erikss . ) 

h.:. ch .ere kept i ~he light th n th se erv kept 'n t he ark 

':rnt his results ,ere not c~ .. sist '1.t . 

The ured:~ioepores of ?uc~:nia E!'._~_ini~ tritici, E· 
1 

grai .:.n ia avenae_, and E· a l nis eecalie ere f oun by Thiel 

to be viaole for fro ten d~ys to t o eeks longe 

in the dark than !hen kept in the light. 

C ~ TRIBUTI G FACT R~ 

,hen ke t 

Very fe data are availab e regarding the conditions 

hich are the most favorable for the development cf scab. 

The te erature relati s of t he orga ie causi.g the diee e 

have not been orked out . The d'seaee is no . to be est 

prevalent in m~iet, hct seasons, but no contro~led e .eri ents 

have been ade h'ch c0rre ate the .oi t~re nd te_ e~ature 

ccnd1ti ns .. ith the a.. unt of scab . el y n nns ( 59) 

observed th t infecti n took 1 oe just b rore, du .g, r 

i _e iate y after the flo e i. g ti e of t host . Ho ever, 

the ef feet of the age of •he host, n t e te er tu re n 

.. o isture co dlt ns 0 t. e pJrce. t of scab . as net rec r ed. 

r.s of e Or 

everal ser es of cult· res of the organis~ ere ro 

at different te .• e:r a.turee on p t to dex rcse g::r . 'L.e aver -

~ge dia .eter of the colonies u~der the v rioue c nditi ns are 

l Unpu',li'hed re 0 ults o·ta: .ed by the innesota Agricu.tur~l 
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given i n Table VII. The te perature in he ice box varied 

from 9 t o 12°C. but the average r.as ~b out l0°c. t The other 

tempera t ·res ·ere fairly constant . 

The mini um te perature is appr cxi ately 5vC . ~nd the 

. axi .u_ bet een 30 ~nd 35°C. (Plates X nd XI, Fig"S . 1-6 ) . 

The optimun. is near as0 c. A num~er of atte ts re ade 

to deter ine the exact opti .U!?l and , axi UJ but the re ults 

.e~e very c nf~icting. ~ore variation s observed bet een 

TABLE VII 

RATE OF GRO TH OF T E AT SCAB ORGA IS 
AT DIFFERErT TElfPERA~URES 

Temperature in 
umber of days after i noculation 

degrees 1 I 2 
c. 3 l 4 I 5 16 I 7 I g 9 

Diameter of colonies in co. 

5 .4 1.5 2.1 

10 .6 1.6 1.8 2.7 6.3 7 .5 

15 l.O 1.5 2.5 3.7 .6 

20 1.0 2.3 3.7 6.3 7.8 

25 1.2 3.2 5.5 s .5 9.9 

30 .7 2.0 3.5 .5 6.o 7.0 

35 0 0 0 0 0 0 0 0 0 

cultures on etri diPhes c .t :ni~g une ual a o nts of cu tu e 

..iSdiun. than bet een c .Lltures kept at te peratures aiffering 

--
Ex eri~ ent St ati n i. cooperati n itc tbe office of Cereal 
Inveatigati ns of the Uni ted St· tea D~p rt e t af Agricu ture. 

- 23-



by only one or t o degrees. Ho ever, indicati ns are th~t 

the fungus gro a ere eloi.ly at te :pe ratures above 2s0 c . 

The character of t he ~yce lium produced at 30°0 . differed fro 

th9.t gro1.ing at lo er terperatures (Plate XI,itig.6). The 

gro h was not eo flocculent, · :idic.it1:ig that t e cc idi tio a 

ere unfavorable for tne gr8 h of the or ga.n1s • 

Tisdale (67) f ounct the opti um te!!lper ture for gro tn 

for Fusarium lini ~o ley to be ab ut 26 to 2a0 c . I an the 

axi~ui. to be bet 1een 34 and 37°C. The mi i um bet een 

0 
10 ~nd 11 C. Pot experin:.ents she e that .. re flax il t 

devel~ped at temperatures near the opti urr. than at lo er te -

peratures. 

Harter , .ei ,er , and Ao.aas (':2) inoculated eet ot 

t cee .1th "Fu~~r~u- c-::.:u:::.:l~~ .......... 

the follo ing teffiperatures : 

ollen eber" and kept them -t 

10.6, 13.5, 16. 0 , 20 . 5, 21.Z, 

. nd 23°c. Decay only cbtained in t.e .ot toes held t 

10. 6, 13 . 5 , ar.d 16.9°C. Those ke .. t t te ther te- eratureE 

and the c~ecks re .ai ~d s und. They concludeQ, tber fer , 

that the organis had a relatively lo t..:.. u • 

Ger ... ina \,i ing spores of the he t e cab or r:.~" e 

c •• parer:tly not killed b freezL.g . 0 ever~l .. etri di es c 

otato d.extrcse e.gar cor.taini..g 0 -er L.atir. e .. ore , .e e ex-

posed to a te .perat re of -8°C . fer ~eriods fr te . 

i.~tes to o.e hcur and a half . Tte a r di eolidif y 

a ain after freezi~g, but the crgar.is . evelcpea • al 

.hen tranef~rred t o fresh edia . 

Fluctuati g ter1.._.1:: rature l::::d an effect ui)r.1n the color 

prodt. ced by one e tr ir. of the f ·ngus . At 2s0 c. tbe culture 
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as .hi te . After bei .g i the ice c ox at ab ou t iooc. f or 

a fe da ys, the ne. gro th beoallie brieht red. The c ·l ture 

·as then kept at a te pera ture of 2s0 c. nd, although the i:ne 

separating the t (' 01....lo rs was not as distL ct as ·revi uely, 

the ne'i gro th vias .hi te . Severa.l uneuccessf ·1 a tte_ pte 

were lliade t o duplicate these reeulte. 

A culture gro at nor .a te perature f or t. d~ye 

·as a rked and xpo ed to freezi .g te:?1pera ture for an h i;.r. 

A 11r;ht red rine :as prcd ced i .e iately under the ruark after 

a fe days at normal tempe r ature. The gre ~ t variati n in 

color of scabb: ,e,terial L the ield a y rose "bly be x. lai -

ed byte. erature c.ang-es. 

Ef ect of Ti e 

~~e~l1~ _p~ ight ~nd 

en 

F ur sets each of scabby a.d healthy seed .ere ~l nt-

ed at i ntervals of fr o three t o five ~ ye t o ter ir,e the 

r~1a~ 1 on of maturity of t he ~l~nt t o t he res~lting a unt cf 

scab. 

The ea ther was very ary up to the ti e of t e t .. ra 

p l anting after ,h: ch c .... s idera le rai . fel l . L t tle . f fe. -

erce i n rate of develo.went e c·se: va l bet een the plants 

i n the t JO pl ots pl~nted during the dry per_od The ~l .ts 

i ~the plots .1 nted after the :n aeve oped t o th r lo 

buts_ e .hat ore slo.ly than t h se plaLted arlier. 

The ;;lots plan ted ith healthy seed (T "o e III) .dre 

f or s ~Le reas cn ec e1hat slo er :n develo ~ent that the oth~rs 
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TABLE VIII 

RF.SULT8 OF PLANTING HEALTHY . ND 

!Seo- Time Ki nd Chaxa cter of Time of' heading 
ti on of of stand 

plant- seed - -
ing 

5/161 6/4 7/2 7/5 7/9 I 7/18 

Scab- Just Excel- Many All Full Full 
11 5/4 by show- lent I heads heads head head 

ing out of out of I 
sheath sheath 

12 5/7 

~~ 
Do . Do. Do . Do. Do. - -- 1.. fe None Very Ncne All Do . 

13 5/11 up poor r ut of heads heads 
sheath eho - out I 

~ 
ing in of I 
boot boot 

14 5/16 Do . Do. Do . Do . Do . 
"'.:.eE' 1 th1Go od Excel- Fe any ::.fa.ny Do 

21 5/4 y jro s lent he_ ds cut of in 
Pho - out boot 1ull 

I 1ng I not as head 
a v no 1 

I ed as 1 

11. t ... 
22 - ?.L.1 __ Do. Do. I Do. Do. Do. --·- --- Moder:-

__!)~-- Do. 
ne 0 0 Just l Do . 

23 5/11 Do . up at heads 1hes.ds out 
etand out o•t of 
not as boot 
gcod 
ns 21. --- - -

Still! 24 5/16 Do. Do. Good Do . Do . Do . 
stand i 

boot 
---- --·- ·--

I ~ 

SCABBY SEED 

No. Total Avg.no. ' Tot a l Avg. per-
rows no. heads ~~ab- no. cent 
count- heads per by scab- scab 
ed I count- row heads ~lads ed 
4 

11724 431 4 1 .3 

4 2172 543 0 0 0 

4 1567 391 12 2 .9 

I 

4 1793 448 9 2.2 .6 I - --
I 4 3023 755 11 2 .7 2 .9 
I 
I 

I 
4 3288 822 12 3.0 .37 I -- ------- ·-· 

4 2658 664 69 17 .2 i3. 7 

-
4 3160 791 112 28.0 3.5 

·- - - --
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~nd the ercentage of scab .as c ;neiderably higher in these 

plots . The late develop nent , eepecislly in eec i ne 23 ~nd 

24 , brought the heads ru t of the sheath just bef ore a riEe 

in teu,perature and hUI·1id.i ty (Fig. 3). 

Out of abcut 7,000 heads i. the plots pla.ted ith 

s cabby e~ed lees th~n ~ne percent of scabby heads .ere f und, 

_ile the !)lots pl ... nted. .ith healthy seed contai .ed as high 

as 3. 5r of scabby heads out of 12,000 heads counted. 

' 
:: , 

.a . i': j\ 
.I ,,J, /' 1: 1\: 

ooo ooo:C lool \.loo•' 

Doily P~1pitaft00 

M<ZOr)Thil<j Ten;pQ.rafon3 
5ufl')"Jer I~ 

:: 
n 
:: .. i ~ 

'' ' ' 

' , , : 
J • : ~. ·, 

/V\, ......... '-'"········' ..) L./ .. , 

. : 
, : ' ,..; ' ,: : ' 

1,, ,/\1. :, ~- ···' \• ' l,, •• : i ... i · ... 

~ ----l ~·---->du.<j----i~ ----4 

_ _J 

Figure 3 

Only t o third.a as any heads deve::!.c.ped in a ro n 

the " lo t s p l a ted i t h scabby seed s in the !)lots ;la_.t -

ith healthy seed. Abe er:.ce cf the Ig .1..i e oee not account 

fo r al l the ifference, ho .ever, as it as eces ary t Q shcr t ­

en the p lot ~.,la •. ted .i t h scabby .heat by cne f urth. If , 

hc\.ever, t :ie hole plot h d been pl r.te d, abc.u t 9, 600 he ds 

-26- J 



ould have develcped as c J pared to the 12,000 heads f und in 

the plot planted itt healthy seed. The difference ie pro-

bably due, ir: : rt at least , t v lo\er 0 rcinati "'n "nd seedlin g 

bl i ght. Furtheri.icre , sect icns 11 an 13, .. hi ch ere plant-

ed \\ i t h scabby seed earl'!' and in ore or lees dry s cil, had 

a . uoh better sta .d than secti :ns 13 and 14 .1 nted later and 

~fter a etor • The heavier stand in the healthy lot ay 

explain the larger perce tage cf scab . 

There s eet1S t v be but little re la ti n bet ,een the 

pl·nting of scabby seed and t he sucsec.uent a. unt of scab 

tl-.te heads A green ouse experi ent (Table XV), in l::!.ch 

healthy seed and treated and untreated scabby seed ere pl-.t-

ed , gave simila r results. If t he p l nts survived t he seed-

i.ing s tage, t t ey ·re, t o.turi ty. 

Effe ct :.f • ieture ar.d Te- erature en 

t he Percentage of Scab 

Plots cf ~eat ,e e ccvered f or different en·t of 

t ir: e ,ith large cloth cages in n atte. pt to deter ine the 

exact ti e f infecti n The h · idity and te perature un er 

t r1e cages 11,ere apparently c.,,,nd cive t o the ,r oducti n of sce.c 

because re scab a~pe~red en the ~l~nts under t e cages than 

en t he checks. However, t ne re ,as cc .. s ider _ le v r:e.ti 

in the ount of scab i the different plots, giv ng e me 

indioati cf the tie of i . fecti cn in rel~t· on to oistur 

and temperature conditi .ns . 

Four plots , each on e rod square, ere pl ~ nted .ith 
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healthy Marquis .heat. 

four plots .as uniform. 

The develpo ent of the lants in the 

The c gee for covering the pl ta 

ere 12x8x4 feet. 

single thickness. 

They ere c vered .1th he vy uelin, 

The first cover .as put on before any of the hea s re 

out of the sheath, the second •hen aoout 75f of the plants 

~ere in bloom, the third hen the plants ere in full head, 

and the f ourth .hen the grain as in the ilk s•~g • The 

l as t cover, hich :as to h ve been ut on .hen the plants ere 

nearly mature, was not made because sea ha ear d on .... 11 

the plots before that ti-e. 

The highest ercentage of scab (Table IX) develcped 

on the plants in the plot covered hen th plants ere in 

full head (Plot 4). The plants in plot 2 ere covered t o 

days earlier hen about 75% of the heaas .ere in bloo • 

About one third as ~uch sc b developed on tueee 1 nte a on 

those in plot 4. One and t enty t c hundr~dthe inches cf 

rain fell and the maxi um te perature (74-80°F.) for th e 

er (Fig. 3) as reached in the fe ys 1. e iatly after 

these cages ;ere put on. The t perature proxi tely 

that hich as found to be opti um for the (Table I) 

The eather a dry and compa .. L'a lvc;;J.. cool. i c: 

J.Y arte.L.· t.ne pl.aH e 11 plot 1 ere cov~ csu. ne pe · ~e~ 

of scab was somewhat lees in this plot than in the lot cover­

ed .hen 75} of the heads ere in full oloo (plot a), and 

as uch lo er than in the plot covered hen the plants ere 
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THE EFFECT N THE A!~U?T OF cc 

No . of 
Plot 

1 

2 

3 

TABLE IX 

OF C VEP.LTG PLA.·TTe AT DIFFEREI;T S TAGE~ F DEVELOP {~ T 

Per 
cen 
sea 

_:t~!~---4~------1---------------
I ---- ... ·--·----+-----__._· -

____ b ---_l ---_ : 

a Covered 1ret 1th lo c e , te 1th hi • 
b o counts e S SC b h ear d o ch ck • 



in full head (Plot 4). 

There .,as another hec..vy rain on Jul 23, the day before 

the third cage was placed over the plants, at the ti e hen 

the plants iere in the ilk sta6"e. The te perature dropped 

so ,e\,ha t a.ft er this time. The perce .. tage of scab i:r t i s 

plo t as no greater than in the c~.eck plots. 

The plants are evid~r.tly oat stece tible tc 1nf~cticn 

before the kernels i the heads have reached the milk stage 

providing tte hU!nidi ty a.nd te _ erature are high. The fun~us 

developed beet on the plants under the cages because t. se 

ph nts did n•_ t dry c. t as ra idly after a rain as these .:.n 

the open . The ~ctual ie ture cmd te .... era tu e c r:di t one 

under the cages• ere not recorded. 

TABLE X 

EF;;'ECT F c ER TG I I"ID" L HEA c 

E ~ TH AX p PER BAGB . _HE PERCE T F ccAB. 

H~t"-ge of I -ber • ber . · ber Percent 
velcpL~nt cgvered g9llect d ec§.bp_,,___-+--e_c,~a!>~b..._Y __ 1 

Ctill in 12 3 _L Q 0 
I Sh~ 
1 t_ ru~. of j l~ 7-- ·--3 _ __,__ 5 

sheath 1 
I ~-~--

1 --~---

1 Fully ou~ cf I 12 L 8 L sheat~ 
Very slight infecti n. 

A f e individual heads of heat 

Of develop ent .ere covered ... t the sa .. e 

bags (Plate XII) . 'ore e c ab deve cped 

heads '·· .ich ~.ere c .... vered .hen they ere 

.. 
1 

t 

ti 

( 

0 

differ nt 

ith 

Table X) 

j ist c ... ing 

st Q'eB 

pa er 

.::m ~hcse 

ut of 

11111------~~~--------~29~- ------------------!-.. 



the sheath (Plate XII, Fig.2) than on the heads cover-

ed hile still in the sheath (Fig.l) or on those hich had com-

pletely emerged fro the sheath (Fig 3). Lack of materi l pre-

vented tasting this further. Infection, ho .ever, ms probably 

ind borne, and young heads are evidently mor susceptible than 

more mature ones. Artificial inoculations (Table XII) ere not 

successful after the heads ere far out of the sheath. 

VARIETAL RESI TATCE AND HST RA GE 

eat scab is known to attack many vari yiee of wheat . 

The Durums, as a c ass, and the variety arquie are particularly 

susceptible . ome non-cereal plants are also considered as 

hosts of the scab fungus and several pecies of F~sarium are des-

cribed as parasites on a number of the ild gras es. Ho ever, 

the comparative susceptibi ity of different vari ties of heat 

to the fungus has not been determined and the parasi ism of the 

heat scab fungus on wild grasses has not been ho 

In the suwzner of 1918 several varieties of heat co on-

1 y grown in innesota ere plant ed un er ei ilar ccn itions in 

the field and .ere sprayed 1th spores an yceli o th fun-

gus. Artificlhal inoculations ere a so ma e on 1..divi 1 

heads of the different varieties of heat an a n ber of the 

ild grasses. 

The Percenta~ of Scab on of heat 

Inoculated by S ra ing 

Four rod ro of each variety of heat re planted 

Spores and mycelium of the fun s isolated fro~ scabby heat 
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were sprayed on the plants .hen they ere in full head and 

again three days later. 

The rate of develpoment of the different varieties 

was not uniform (Table XI). Minnesota 470, for instance, 

re~uired t o eeks to reach the stage of full head from the 

time the heads first appeared in the sheath. The heads of 

the variety Preston, on the other hand, appeared in the sheath 

and ere in full head in a eek. The other varieties re-

quired about ten days. The percentage of scab on inneeota 

470 was 16.2 hile that on Preston as only 2.6. There 

.as approximately the same amount of scab as en Preston 

on Minnesota 163, arquis, and Velvet Don. in ea ta 1594 

as least susceptible. innesota 169 and Kubanka 990 plo s 

ere not pure so no coun~s ere a e. 

Percentagv of Scab Produced by Inocula•ing Individu 1 

He ds of Cereals and Grasses 

Artificial inoculations on in ivi ual heads of dif­

ferent varieties of heat and the ild grasses (Ta le XII) 

ere made in the follo ing manner: 

The ,heat scab fun us, usu lly ith as all 
amount of the medi upon hioh it a o, , 
as pushed inside the sheath of hea hich 

had not completely e erged, re being taken 
not to injure ei her the teeth or the he 
fhe inoculations ere a1e, herever ossible, 
on rainy or cloudy da or in the evening. 
oiet cotton as rapped around the sheath 

after inoculation and the hea nd a ea•h cov-
ered .ith a ax aper bag. The string of 
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TABLE XI 

VARIETAL ~USCEPTIBILITY 0F '.'HF.AT Tn ccAB -- SUH!ER 1918 

-15-ye_____ -.i:-o-. -- -o- .----rA"Vg.~ No-. -rAvg. 
required 1

1 ro heade I ~~~ scabby no. 
for he· d- per head heade BCabby 
ing. l ro per per heads 

RIETY 

Per­
cent 
scabby 
heads 

+-----------4---- ---+-1-----i--- ro ro er ro 

Minn. 163 10 ~ tg~ 461 
11 

13 
2.6 

16 3.4 
---1---- -----

I 2 431 
441 L4 10 ' 4 .9 ' 3 452 
--- !_ ___ .9 --- --- - ---

~-inn._47~ 

1 Pr ston 

t--
Velvet Don 

'inn 

10 2 532 
53_s __ ~ ~_s_ __ 

1
_ la __ 

1.5 
3 535 2.9 

--- -- ---L ---

14 2 365 365 58 58 16.1 
3 375 59 16.4 

---L- - - ---t --- i__ ___ t ___ ---
7 ~ 

2 sos 36 l 1a 11 t a. 3 3 3o5 10 ~ 2 9 ---- - - ·- ----- - --
10 2 3 3 407 I 5 I 9 1. 3 

3 -~31:_t_ -- 13 : 3,0 

10 2 I 

--~~---=-- ---

I 

I 

Avg. 
percent 
scabby 
hea.ds 

3.0 

---

,9 t 
2.2. 

16 .2 

----
2.6 

-----
2.1 

990 12 J ~ I~~- ---_1 --- I --- ___ l 
1 Estimated fror. the 1 the he e f rat 

~pe red the h th to ti~e of f 11 head. 



TABL XII 

ESULT0 OF INOCULATING CEREAL~ & GRASSES ITH THE WHEAT SCAB F 1GUS 

Plant inoculated 

Agropyron caninum 

Agropyron cristatum 

1 Agropyron repens 

I Agropyron smi thii 

Agropyron tenerum 

Bromus inermie 

I 
El ymue canadens ie 

Elymue robuetus 

Elymue virginicus 

Lolium temulentum 
I Cereals 
,Barley 
I 
I 

!Barley (Ho oded) 

Oats 

(Velvet Don) 

(Preston) 

( inn. 470) 

eat (Kubanka 990) 

eat ( 'arquis ) 

(Minn. 1594) 

( inn. 169) 

I ., 
I 
I 

Date in:--Nopfants No. plante 
inoculated inoc. collected 

6/25 12 7 

6/19 ? 3 

6/10 ? 2 

6/10 ? 2 

6/10 ? 6 

6/10 ? 2 

7/10 12 12 

7/10 12 12 

7/10 12 9 

7/10 12 12 

7/5 12 9 

6/25 12 11 

6/28 12 12 

6/26 12 8 

7/5 12 11 

7/5 12 12 

7/5 12 7 

7/5 12 12 

7/5 12 8 

7/5 12 8 

7/5 12 12 

heat ( ) 7/5 12 11 .- inn. 163 

oplante 
eoabb 

1 

0 

1 

0 

0 

0 

11 

11 

8 

0(1) 

7 

5( ) 

9(b) 

6 

8 

11 

6 

12(c) 

8 

8 

ll(d) 

9 

fa) 7 fieade had lost their spikelete but 3 of the 7 h d -definite~ 
apote on the sheath and 5 had spores on the ate • !bl Definite spots on the sheathe of 10 infected plants. 

c Bags left on until collected. Very heavy infection 
d Both mycelium and spores developed fro-..i the 1noculum but the 

infection on the plants was very eak. 
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the label held the bag in ~lace ( 1 te XIII). 
The covers ere left on from three days to 
.eek. 

Inccu1~t1 ns .ere not suecessful .. hen ade after t he he de 

had errerg;ed fro~ the Bheath and the glun:es had begun t hard-

en. 

Only a few in· culati ne .ere Ade en ec e cf the 

grassea because the beet ethod for i ecti n v.-as net crked 

~ut until ~ fter they ,ere i n full bloo • c::uccee ful ect-

ion resulted on the three species of Elymus (Plate XIV, Fig.2) 

hich .ere inoculated. 

renens and A. caninum. 

Typical scab developed on Agropyron 

The negative res ults on the other 

grasses inoct:la.ted are poe i bly due in e e c see t o t he faot 

that the bead.B ere too old at the tizr.e cf ino cul a tim • 

Typical scab developed en all the v rietiee of heat 

~nd other cereals inoculated, but so e of the varieties of 

heat ere more heavil infected than others. ...nnesota 

470 beca.u.e most heavily infected. This s true also .hen 

the pla~ts of innesota 470 ere e rayed ith he fun s 

(Table XI). The infections obta ined n ... n~ t 169 ere 

eak, al th gh the inocul had developed n r ally. The 

he~vy i fecti on on Kubanka 990 as robabl due t o ailur 

t o re ove the covers. 

Cultures ere ade fr .. a u ber of t e leaf s ote 

res lting fr T, ertifi cial inocule.t i r:s nd i v iably the 

organisre v;a.e reisolated. ? re c ltures f the er ~nis 

ere also obtained fro bra 
d pe icles of the artificially 

inocul&ted heads of Bromus iner i~. 
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Symptoms typical of scab resulted frc al the arti-

fjcial inoculati~ns . A ink incrustati n developed n the 

glumee, and the kernels either did net f e r or ere s all, 

shrivelled , and ccvered ith a ass of inkieh cite ycelium. 

Resul ta of In-:cvlating Seed.li:r..gs of Cereals 

rnoculati 0ns ere ~ade in the greenhouse1 to deter­

mine the effect ~ the heat scab organie on seedlings of 

1hea t 1 rye 1 barley and oats. Tte uninjurea base of each 

p l nt as in0cul&ted .ith the fungus at t.e surface t e 

scil .hen the pl~nte were ten days old. The pots cent r.-

i ng the plants .ere then put i pane of ,ater un er bell jars 

After three days the bel jars ,ere re cved but the pots re 

left in the pans of ater. O the th:rd day after inocula-

ti n tufts of ._yce i um had f r ed here t he noc at· r.s , re 

o. e • 

Durur:: heat (Table XIII) a ·oat severel~ att c ed -

three out of the seven plants inoculated be ng kil l ed. A 

fe cf the .heat , barley and rye lants ere diet nctl bro .-

ed at the base but n~ne of the~ ere kil l ed. One cf th 

oat plant~ beca .e infected but the fun:ru.s di not deve cp 

further. 

kno • 

All the other plants deve oped no~ a y. 

C'" . r ROL 

No satisfactory metncds cf control of ,heat scab are 

Selb · (56,58) suggested the b ning of stubble, 
!'-' ---~~~~~~~~~~...,.--,--=--~...,..........,--~-:f~-

Unpu bl i e he d data taken by E.C. o 
1917 at the Unive rs ity Farlli, S • 
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cleaning of seed, and rotati vn cf crops as prev ntive .~asuree . 

Holbert , Trost, and H ffer (32) f ound that eyete e of r otat-

i on had a def" inite relation t o the amount of scab en heat . 

'ore scab ,as always present on the : eat fol l o ing t o ye 0 rs 

of cor n than on v.hea t f ollo11ir-g heat . Cook and He yer (16) 

suggested that seed fr c a diseased plot shou d net be planted • 

uch ork has been done on the control of the disease 

known as "Schneeschirnmel" in Europe . Hiltner (24,27) ga.v@ 

TABLE XIII 

RESULTS OF INOCULATI G CEREALS IN THE SEEDLI G STAGE 
ITH THE WHEAT SCAB FUNGUS 

Plant 
1noc- Result 
Ulated 

Character of Infection 

Date Observed 

3/3/17 a/6/l 7 

I Rye Quite distinctly browned at 
the'baae; plants stunted 

No change 

Oats 

I 
Durum 

Wheat 

Barley 

4 
7 

a 
7 

5 
9 

Possibly slightly affected; 
infection taken place but 
development of the fungus 
little. 

Distinctly affected; a nearly 
dead, bases of plant browne 
and softened, 1 breaking over, 
1 ddad - rotted near base. 

Distinctly browned at the base 

Distinctly browned at the base, 
none dying. 

Do. 

3 dead; 1 large, 
7 a s 1, all 

but one ot 
others affect" 
ed. 

o change 

o change 

•nenomlnator the number of plants observed; 
numerator the number of plants affected. 
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treatment with corrosive sublimate or formaldehyde as being ef­

fective in decreasing the damage done by the fungus causing the 

disease. Weidner (75) described two preparations ~hich ere 

found useful in control. Naumov (40) suggested the use of 

healthy seed, crop rotation, and immediate threshing after har­

vest. 

Some of these methods have been tried on a small sc le 

in atte pting to reduce the damage one by the heat scab organ-

ism in this country. Field experi ents ere co ucte in the 

sumn.ers of 1917 and 1918 to test further the effect of seed treat 

ment . Controlled ex~eri ents in the green ouse ere lso 

carried out. 

Resu:ts of Treat ent ~1th For -:aldehy e on 

Scab in the Field 

In 1917 the shrivelled ker els from scabby see e.e 

separated from the rlump kernels by fan.ing, part of each 

grade as treated with for ·· ldehyde. Or.e a u e ro each cf 

the treated and untreated lots ere planted . 

The average number of plants per ro (~aole XI ), e 

the seedlings were counted, as least on the plot lanted it-

shrivelled untreated seed. he let planted with plump un-

trea~ed seed developed a larger number of see lings th t e 

plot planted with plump treated seed . The percentage of 

scab , on the other hand, averaged considerably higher on the 

treated plots. The plot planted 1th plump treate seed 

produced a smaller yield than the plot planted with shrivelled 
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treated seed or than either of the untreated plots . In 1918 

a similar experiment was conducted. The percentage of scab 

was again considerably higher on the treated than on t e un­

treated plots. 

TABLE XIV 

RESULTS OF TREATING SCABBY SEED ITH FORMALDEHYDE 

Treatment 

Date observed 

Germin­
a. tion 
ot 
seed 
per ro1 

1917 

5/15 

Plump Formaldehyde 145 
1:320 

Shrivelled Do. 175 

Plump 

Shrivelled 

Plump 

None. 

Do. 

196 

111 

Formaldehyde --­
(1 :320) 

Shrivelled Do. 

Original 

Plump 

Shrivelled 

Original 

Do. 

None. 

Do. 

Do. 

1918 

No. 
heads 
count­
ed 

8/17 

2105 

2938 

3764 

2507 

875 

870 

976 

1003 

939 

932 

No. 
scab-­
by 
heads 

8/17 

35 

33 

13 

a1 

7 

10 

8 

6 

2 

l 

Percent. Yield 
of in 
scabby lbs. 
heads 

8/17 

1.66 

1.1.a 

.35 

.87 

.79 

l.14 

.84 

.59 

• 21 

.10 

8/18 

9.6 

11.9 

11.7 

11.7 

---
---

---

These results indicate that infection of t e heads is 

local and has no immediate relation to the nl nting of scabby 

seed. The higher percentage of scab on the plots planted 

With treated seed is possibly due to the somef at heavier stand. 
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Results of TreatJ ent with Formaldehyde on Scab 

in the Greenhouse 

Three series of pots were planted in the greenhouse, one 

series with healthy seed, one with treated scabby seed, and one 

With untreated scabby seed1 • T enty five pots ere used in each 

series and ten seeds were planted in each pot . Only 21.2~ of 

the untreated, scabby seed produced mature plants (Table XV) . 

Over eig ty r ercent of the treated scabb' seed, on the ether 

hand, grew to maturity as compared to a out ninety percent of 

the healthy seed (Plate XVIII). 

TABLE XV 

RESULTS OF TREA ~ 0... T iE :ru~IBER A. D SIZE OF PL • l'!ls 

MD ON THE nERCE • AGE OF SCAB • GREE EOUS 1917 

K'nd Treat- o. o. To 0 ~ Avg. b 
I 

Of ment pots seeds plants growth 
seed per grow- per 

pot i/~ 4;e.nt /1 

Healthy None 25 10 224- 89 .6 s .3 in. 0 

So bby Forma.J!-
81 .6 7 96 in 0 dehyd 25 10 204-

1:320 

So ab by None 25 10 53 21.2 7. 1 in 
I 

The plants were ~e sured hen tte ere cut t c 

months old. The a.ver~ge height cf the plants gro frc 

1 Unpublished data. taken in the greenhouse in the inter of 191 
under t e direction of E.C.Stakman. 
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healthy seed was slightly greater than that of those grown froo 

scabby seed. Very slight difference resulted in the average 

height of the plants gro\vn fro treated and untreated seed. The 

plants were allowed to grow to ~aturity but no scab develored 

on any of the heads produced. 

Planting scabbr seed lowers t e average germination of 

the seed and healthy seedlings may be attacked by the organism 

and be killed. The plants which survive the seedling stage, 

however, apparently may grow to maturity and produce healthy 

seed unless subsequently infected. In other ords, infection 

is local an not systemic. 

CONCLUSIONS 

In this ~ork a.n organism having characteristic cultur 1 

characters as isolated from scabby cereals. Ho ever, there 

as some variation within the group an inoculation experi~ents 

may bring out different infection capabilities for scr.e of t .e 

different strains. e Fusaria isolate frc .i roots or .o es 

of cereals or from potatoes ere not identical c~lt .1 th 

the heat scab fungus but t eir pat ogenicity tc hea s of cereals 

has not been determined. he fungus causing scab, ho ever, 

is known to rot potatoes and also to attack roots of see lings. 

The interrelation of the Fusaria fro~ cereals, grasses, and 

potatoes and other root crops should be definitely determined. 

T e spores fret scabby heads of different varieties of 

Wheat were found to differ some hat morphologically. is 

suggests tte possibility that the orphology of the organism 
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is easily changed by the host upon \hich it is grown , or that 

there are several distinct strains of Fusarium hich may o use 

soab of oereals. Careful physiological and morp ological 

studies of the organisms causing scab and seedling blights 

shuuld be made . 

The opti~m temperature for the production of scab of 

cereals in the field was found to be approximately that of the 

optimum for the fungus. A te perature of 76° F. or above 

and high humidity while the heads are forming are a. p rently 

necessary for the development of an epidemic of scab. mtis 

wculd probably explain the occurrence of serious epide ice of 

scab at irregular intervals. 

Apparentl the use of scabby seed does not direc ly 

affect the amount of scab on the heads. The persistent use 

of scabby seed, however, would un oubtedly increase the number 

of spores in the soil and consequently the possibility for in­

fection on the heads. 

All of the cereals a.nd a number of the wild grasses 

axe hosts of the organism which causes heat scab. he disease 

is fairly common on the hosts other t a..n heat but ap arentl 

little damage is done. However, t ese hosts ~a i~crease the 

amount of scab present and be a source of infection for eat. 

Careful observations should be made to ascertain h re-ati e 

Prevalence of the disease on all tte oereals an ild grasses. 

The organism lives over Winter in the seed of cereals, 

on corn roots and stubble, and also may attack t e roots d 

heads of the cereals and a number of the ld grasses. It 

also may cause a rot of potat oes and other root crops, and is 
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considered to be an active parasite on legumes. In vie of 

these f acts, the usual recommendations that the seed be fanned, 

graded, and treated before planting are not sufficient to con-

trol the disease. Fanning of the seed no doubt removes a 

la.rge proportion of the scabby kernels but in heavily infected 

seed many kernels containing the organism are not removed. 

Furthermore, treatment of scabby seed with formaldehyde reduces 

the seedling blight but the head infection is not controlled. 

General soil sanitation, including the rotation of crops, or the 

use of seed which is known to be free fro the disease, or care­

ful fanning, grading, and treating of the seed will decrease 

the damage done to seedlings, and reduce the o t of soil 

contamination and consequently the infection of the heads. 

SU filARY 

1. An organism with characteristic cultural characters 

as isolated from scabbr cereals. 

2. Mor phologically the spores from soabb eads o! 

cereals in the vicinity of st. Paul were found to agre more 

closely 1th spore measurements given for Fusarium rose Link 

than for Fusarium cul orum ( • G. Sm.) Saco. Gibberella 

Saub1net1i (Mont.) Saco. was also found associated 1th the 

disease. 

3. The mycelium in the kernels of scabby eat s 

not killed after several months exposure to inter eather. 

Ho ever, spores kept in the light, either inside or outsi e, 

were killed, while spores under similar cor..diticns but in t e 

dark retained their viability. 
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4. The minimum temperature for gro th of t e heat scab 

organism on artificial media is approxi~tely 5° c., the optimum 

25° c., and the maximum bet~een 30° and 35° c. 
5. The stand in plots planted with scabby seed was 

reduced b one third as oomr ared with that in plots ~lanted 

1th healthy seed. Furthermore, soa.bby seed planted late and 

following a storm produced a poorer stand than scabby seed 

planted early and in dry soil. 

6. Infection of the heads takes place best before the 

heads reach the milk stage provided the humidity an temperature 

a.re high. 

7. he highest percentage of infection en the varieties 

of he t used s obt ne on innesot ~70. All of the cereals 

and a nu ber of the ild grasses ere successfully 1 fecte 1th 

the fungus isol ted fro sc by he t. 

8. Treatment of scabby seed 1th for~ lde de re uced 

the seedling blight but the he infection as not co trolled. 
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PLATE I . ~ Scab on the heads of ar~uis heat . 

PLATE II - Fig. 1 - Diee&sed epikelet of theat iseected, 
ho ing shrivelled kernels hich are covered 

111i th myceli um. 

Fi • 2 - Healthy epikelet 

PLATE III - Enlarged s_ ikelets eho i i.g scab on the glumes 

PLA'!'E I - He d cf heat ( inn 470) eho .in Gib4erella 
f'aubinetii ( '"'n t . ) Saco. rn a sin gle e_ ikelet . 

PLA'IE V - i • 1 - E.nl:.r ged heed of a hybrid .. heat 
(L .. uillo X tlar .uis , F3 ) h vily i nfected .i th 
Gibberel~a . 

PLATE VI -

PLATE rrr -

III 

Fig. 2 - Gib erella n glumes of he t ~.d 
dise eed kernels. 

Fig 1 - qeed fro~ a ec bty crop . 
Fig. l o - Light shrivelled kernels re .oved 
thurough fanni g. 
ig. 2 - •eavy, plu •. J he 1 t ty seed left 

f nn · n 0 • 

by 

ft r 
thorough 
..... '% od rately sc bb seed obta:ned by . o • "' -
ediu blo i .g. 

Cultur~l char cteris tics 0 F ea i is cl ted 
fr c different arts of cereal 1 nts : 
Fig. 1 - r ... SC bb he d cf heat ( inn . 470) 
Col or dark . 
Fig. 2 - Fro acabb. of rye . 
ig. 3 - Fro r o ned 0 

es cf .he t . F B 

pure ite. 
l' i g. 4 - Fr die eas e r oots '"' e a t . F g B 

>hi te ar ... d o·th e lo .• 

- S_ores fr 
in the fall 
(X 760) 

~ ac~b y hea e of cereals col l ected 
cf 1918 at ~.ivereity Far, t. 1. 

Fi • 1 -
.. g . 2 
ie. 3 

ic• 4 
Fig. 5 -
Fig. 6 

Fig. 7 -
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Fig. 8 - Earl y (Fr m 'b s ha , L • ) 
Fj_g. 9 - C ub ·h- t . 
Fi • 10 - h-at r rest n) . 

PLATE IX - Fig. l - Conidiophorea of tbe he t scab organia 
from rcabb y heads f cere la ( 760) 

LATE 

Fig. 2 - C-er. ·nat,ing s pores cf t.e bea t scab 
organism after 12 h' s ·n sugar s o ut'on . (X 1100) 
Fig. 3 - yceli r of the h~at scab organis 
fr beer art gs.r . (X 1100) 
F 6 4 - Peri theciu cf Gibberella f'au ... i etii 
( nt . ) ~acc . fr om head .heat . (Xl60) . -
Fig. 5 - etail of the perithecial .all . (. ~100) . 
Fig. 6 - I rcature aeci fr eri thee um . (Y 760) 
Fig. 7 - 1atu e ecus , (X 76 ) 
Fig. 8 - Ascoe ores . (X 76 ) . 

X and AI - Tt:: erature 
5 c. 
10 c. 

- lscc . 
Fig. l -
Fi u • 2 
F1 3 

rel vi • of the or 
Fig. 4 - 20°c . 
F . r; as0 c. g . ... 
Fig. 6 - 30°C . 

n B 

PL T- XII - t gee cf evel o.-ent of the he a en 
c vers 
Fi-> . 1 
Fi •• 2 
ig . 3 

ere _ u.t n : 
- Head not out of 
- ead ·ust e e_ 
- He d c m.lete y 

she th . 
fr . at •• 

PLATE XII ethcd of coveri~g heads fte art f cial 
inocu at ns ere _a e . 

PL T XI - Fi 163) rtif icially nee lat _, . 
F' • icue 

LA_E v - Fig. 1 - L ea th • it 

L I -

PL TE X ,,._ 

rt it ici 1 
Fig. z - C! 

rtif ici 11 

crea.nie • 
F g. lb -
_ ig. aa - B 

_n cul ted h a 

e o 
1 i. c 

Fi • 2b - ~t en 
due tc rt fie-a 

ung A so iee 
the s as Fig. 2 . 

tif ici 1 y inoc 

o uce by - .e scab r 

of o ta 

led 
he t c b 

ate. 
to dev 
heat 
Bot 

L T XVIII - Pots pl .te ed a .. d treated 
and ~ntreated cabby s e : 
Fig. 1 - ·:ea ... tl: ed 
Fig. 2 - Sc bby seed t eate· . 
Fig. 3 - cc~·b eed ·n~ e te • 
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