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CERCOSPORELLA FOOT ROT OF WINTER
CEREALS

By Roberick SpracUEB, assisiant pothologisi, and HurLey Ferrows, assceiafe
patholegist, Division of Cereal Crops and Diseases, Bureau of Plant Industry !

{The Bureau of Plant Industry in cooperation with the Oregon,
Washington, and Idaho Agricultural Experiment Stations]
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INTRODUCTION
e}

&3 Cercosporella foot Tot of winter cereals, also known as the Columbia

asin foot rot, is a serious economic problem in certain prairie sections
of Washington, Oregon, and Idaho (25).7 In o recent report (29) it
Twas shown that the disease is caused by Cercosporelly herpotrichoides
giron. Tt is the purpose of this bulletin to summarize the results of
Evestigat-ions un this disease.

: REVIEW OF LITERATURE

Cercosporglla herpotrichoides Fron was named in 1912 from material
¥4 P

gathered iM northern France 3 years previously. Fron (18) con-
sidered thdk the fungus was the conidial stage of Leplosphaeria
herpotrichoides DeNot. In 1914 Foisx (&) found conidia of 0. herpo-
trichoides on wheat. Inreferring to Fron’s belief thal ¢ herpotrichoides
- .

! Tha welters are indebted to A. Q. Johnson, Dincipel pathologlst, Divisior of Cerenl Crops nod Disenses,
Bureau of Plunt indusicy, and Lo . i, Berss, formerly plant prthelogist in churgo of botrpy and plot
pathelogy, Oregon Agriculturnl Bxpeelinent Station, for critiolsu of L 1, uscri;-nl.. ‘The feld and stathon
siafls of Iﬁlnnt;)ali!omm‘. botiny, and rgrenonty of Lie 1hroo experinrent stations linve renderes) fnvaluabls
ald. Acknowledminents are dug W, §, Nelsen, of the Waseo County Chinbur of Cotneree, Tho Dailes,

Ozeg., for aidd in the (hvest{puifons,
¥ italie numbers jo prrenibteses refer o Literninre Cltedl, p. 23,

481287 =33 —1
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was connected with L. herpotrichoides, Foéx noted that this is not
definitely known.

Tn 1919 Foéx (68) reported finding Cercosporelle herpotrichotdes at
the end of March on wheat sown August 9 of the previous year and
also on the sheaths of culms placed in the ground, as well as in stubble
on which Lepiosphaeria herpotrichoides and Ophiobolus herpotrichus
(Fr.) Sacc. bad been produced. He suggested that if C. herpatri-
choides is the conidial stage of L. herpotrichoides, it must, without doubt,
play a role in the propagation of the fungus, but again he pointed out
that it had not been possible to ecstablish the conpection between
these two forms.  Foix also reported that C. herpotrichoides was some-
times found on wheat culms that had produced perithecia of L.
herpotrichoides, 0. graminds Sace., and O. herpotrichus, but he did not
consider this association as proof of connection of this conidinl form
with any of these ascigeron: {orms.

From 1919 to 1024 Henld (18) consistently isolated a sterile fungus,
now known to be Cercosporella herpotrichoides, several Fusarin, and a
fungus referred to as Wojnowicia graminis (Mecdlp.) Saec. and D.
Sace. from diseased culms of wheat grown near Spokane, Wash.
Preliminary experiments conducted at Pullman, Wasli., indicated
that none of these fungi was puthogenic on wheat. The foot rut
studied by Dana (2) was different from the one caused by C. herpo-
trichoides, as his studies were confined to western Washington, where
this Iatter disease has thus {ar not heen found.

In 1925 some of the late-season symptoms were mentioned by
MeKinney (28), who briefly presented the results of the early cooper-
ative experiments in the Pacific Northwest.

Nenrly 10 wears after Heald and his coworkers first began to isolate
the “storile fungus”, later shown to be Cercosporella herpotrichoides,
Fosx and Roselln (7, 8) isalnted a similar organism in France which
they termed ¢ champignon x” (fungus x). They were able to induce
the disease with this organism. They also found spores of C. her-
potrichoides on artificielly inoculated plants (9, 10), but werc unable
o obtain the spores of the fungus in pure cultures, Tn 1931 (/1)
they stated that the fungus x apparently was the one responsible
for most of the really scrious cases of foot rot found in the preceding
few years in the Depariments of Seine-et-Olse and Eurc-ci-Loir,
Trance. In 1031 Kerleroux (20) found that the fungus x attacked
wheat plants both in the fall and spring, but more scverely in the
gpring following a severe winter, ) )

In 1620 and again in 1930 the senior writer obtained spores of
Cercosporella herputrichoides in pure culture from myecelium of the
long-known but supposedly stenle fungus isolated from wheat culms
collected in Oregon and Washington (29). Until he obtained what
Le at first assumed were Cercospora spores in the early fall of 1929, the
original articles of Fron and Foéx had not been reviewed.  While
the article by the senior writer (27) was being prepared {or publication
the article of Foéx and Rosclla (9) came to hand, and through the
kindness of Doctor Foéx the macroscopic identity of the fungus in the
United States and of that from France was determined.  Sinee that
date, typical spores of C. herpolrichoides Fron were obtained in pure
culture transfers of an isolation of the so~called “fungus x” furnished
to the senmior writer. The pathogenicity of the C. herpotrichoides
from thie Columbin Basin was proved (29).
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BASAL PORTIONS OF PLANTS INOCULATED AT SEEDING TIME WITH PURE CULTURES OF CERCOSPORELLA HERPOTRICHOIDES AND KEPT
IN A COOL GREENHOUSF.

A, Tlybrid 198, uninoculnied cheek, o, f3, Uybrid 143 wheut 3months after inpeulation, showing eye-spot lesion.  X!. €, Saineas. 1 hut with cuter leafsheathsstripped baek,
showing stromata of 1he fungus between the sheaths, X1 D, Alstroum spelt,a verysusceptible host, with extensive lesion on base of eulm. - X35, E,” Alaska barley, showing
fong but superficial lesion at base ol enlm. K55, F, Einkern,  very resistant host, showirigr very small lesions at ground line as indieated by arrows.  X%. G, Lesions on
Hybrid 125 wheat. X6,




CERCOBPORELLA FOOT ROT OF WINTER CEREALR

SYMPTOMS OF THE DISEASE

Cercosporella herpotrichoides attacks chiefly the basal leaf sheaths
and internodal tissues of the culms at or near the soil line. 'The
fungus does not attack underground portions of the host. In some
cases brace roots are invaded for a short distance where they come
in contact with infested soil, and cccasionolly the tissues of the basal
nodes also are penetrated.

Unless otherwise stated, the symptoms of the disease were observed
on susceptible winter wheat (Tviticum vulgare Vill) 3

SYMPTOMS IN BARLY SEASON

In the Pacific Northwest most of the infection begins in late Febru-
ary or early to mid-March, depending on the season. The first lestons
become evident on the outer leaf sheaths as pin-point, water-soaked
areas. These enlarge vertically and when fully developed are 1 to 2
centimeters long and 3 to 6 millimeters wide. 7T'he lesions are clliptieal
and have & tendency to become ovate after the expanding lesion meets
obstructing nodal tissue. In March and April the lestons when well
developed arc fawn colored to nearly white and are borde ed by an
amber-brown* to chestnut-colored ares. (L. 1, 4). In later stages,
early May to harvest time, secondary fungi and the gradual NONp&ra-
sitic necrosis of the sheath obscurs the clenr-cut outlines of these
outer lesions. Foéx and Rosella (8) term tho fully developed lesions
“taches ocellées” (eye-spot lesions).

The fungus is able to penctrate into deeper tissue either directly
{rom one sheath to the next (L. 1, D and £) or through the rupture
of the sheaths by erown roots.

In the early-season infections a visible dark-olive to black stroma
develops at the ground line between each leaf sheath and over the
eye-spot lesions. This stroma gives the diseased host parts a charred
appearance (pls. 1 and 2). Various stages in the develepment of the
disease on artificially inoculated plants are dlustrated in plate 2.

The wealer tillers of  plant are the frst to be attacked, and these
become sources of infection for the stronger ones. The fungus reduces
the number of tillers, and while the less-crowded survivors partially
refill the vacancies u seriously diseased field has o distinetly thinner
stand after heading time.

SYMPTOMS IN LATE SEASON

The disease usually is most, conspicuous near the end of the growing
season of the host. Diseased plants are characterized by an excessive
number of dead, brown tillers. The culms are alfected in the first
or second internode with lesions that extend from the ground line
upward for 1 or 2 inches (pl. 1, B, C). The culm lesions vary from
almost. white (ivory yellow) to black, depending on the exfent of
development of the stroma. Tho culm tissue in the lesions is firm
and brittle, slightly to distinctly collapsed on one side of the stem, or
later the lesion completely girdles the culm and is bordered by dis-
colored to amber-brown, sometimes (Jater) xanthine-orange arens.

3 Aceording Lo Lho rales of bolanlenl namenclitom Lo nume af this spoeies Is T, sestirnm L., but as 7.
vitlgare i5 in gonerai uss aiong nxronomists and cerend pathologists and Eenaticlsis, tha wrllers give prefer-

ence Lo that ferin. i
P IDGWAY, It, COLOR STANDALDS AND COLOK NOMENCLATURE, 43 p., {Hos, Washiugion, D.C, 1012,
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The fungus spreads faster in the parenchyma in the lumen region than
it does nearer the outer surface of the culm. During moist weather
in late season (June to July) the lumen of a large percentage of the
diseased culms becomes filled with wefts of smo%:e-gmy mycelium,

After the heads become heavy with grain the diseased culms buckle
at the lesions and fall. The percentage of culms that fall varies
according to the variety, the succulence of the culm, the severity of
infection, and the occurrence of beating storms. Inasmuch as the
neriod of {alling extends over a considerable time during which the
wind may blow from various directions, the grain becomes badly
crisscrossed as it falls, and itis difficult and often impossible to harvest
it (pl. 3). If driving rains occur mear harvest time, the grain in
heavily infested fields lodges very badly.

In the sections of the cercosporella foot-rot area where grain grows
very tall, as in the Grande Ronde Valley of Oregon, lodging often
occurs in wheat not injured by foot rot. Whereas the diseased culms
bueckle at the point of injury, the nonparasitized lodged culms usually
bend in an arc that involves several of the lower internodes. In
some cases where the ground is very soft following rains, the nonpara-
sitized lodged plants are partly uprooted. Wheat culms attacked by
Cercosporella herpotrichoides are {frequently weukened to a point where
they scarcely react to geotropism, whereas the heads of nonparasitized
lodged culms usuafly become at loast partly erect by growing upright
at the nodes.

In severe cases, when infection starts carly and continues throughout
the reiny season, the culnis may become stunted and fail to head.
Saprophytic sooty molds may overrun entire plants, causing fnem
to become fragile and to ripen prematurecly.

The appearance of the diseased plants, as described above, con-
trosts rather sharply with that of plants affected with “iake-oll”,
a disease coused by Ophiobolus graminis.

Ophiabolus graminis attacks the underground portions of the wheat
plants, progresses upward, and, as a rule, does not atbacle the inner
leaf sheaths. The black lesions in take-all have a dark neutral-gray
appearance when viewed through the thin sheaths, whereas those on
cercosporella-infected plants appear charred.

SYMPTOMS FROM SECUNDARY INFECTIONS

The growing season in the Grande Ronde Valley of Oregon starts
later in the spring than it does in the Columbia Gorge area of Oregon
and Washington, and the rainy season also is considerably more
protracted in the former area. As o result of these conditions, new
infectiona which are in part secondary from spores, begin developing
in the G-ande Ronde Valley at any time up untll harvest, These
later les'ons, which also have the eye-spot appearance, have vague to
sometimes dark-brown borders. The primary stromatic tissue begins
to form &b the point whers the fungus first enters the sheath and
underlying culm. Since the fungus may become arrested by dry
weather, 1t is not uncommon to find elliptical lesions with scarcely
any bordering of discolored tissue and no trace of strematic mycelia
except possibly & pin-point spot at the point of invasion. 1f the
culm ripens early because of dry weather, these lesions become some-
what enlarged through neerosis, resembling sun seald.
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FIELD SYMPTOMS OF THE CERCOSPORELLA FOOT ROT OF WHEAT IN THE GRANDE RONDE VALLEY OF OREGON, 1928.

L1y Generyl view of g field of Hytrid 195 wheat showing the culns fullen in many direcucss, causing a tungled condition that increases the expense of harvest, B, View of badly
fallen wheat, showing o nsiderable areas flat: o few slightly diseased plants are still standing. ¢, Detailed view of culs at ground line showing how closely appressed the fallen
grain frequently 5. “This makes harvest diffien]i nd <lows up the ripening proeess. D, Detailed view showing the beginning of falline.




CERCOSPORELLA FOOT ROT OF WINTER CEREALS
SYMPTOMS ON WINTER BARLEY *

Cercosporella foot rot appears on barley (Hordeum wvulgare 1.)
somewhat later in the spring than it does on wheat. The fungus
attacks the inner portion of the barley culms far more readily than
it does the hard outer portions. Also, the Tungus forms less stromatic
tissue on barley than on wheat, and there is less collapse of tissues in
the lesions near maturity. Secondery fungi are especially confusing
in this host. In genersl, thers is less buci ing of the culms in barley
thav in wheat.

GEOGRAPHIC DISTRIBUTION AND ECONOMIC IMPORTANCE

In the United States, cercosporclla foot rot occurs in three main
areas, all within Washington, Oregor, and Idaho, ss follows: The
rolling prairie country lying at an elevation above 1,500 feet, adjscent
to the Columbia Gorge in Wasce County, Oreg., and Klickitat
County, Wash.; the relatively level Grande Ronde Valley, in eastern
Oregon, surrounded by the Blue Mountains, and the adjacent prairvie
lands in Oregon and Washington; and in the Spokane Valiey on
gravelly prairie soil in Washington and Idaho and on fine sandy loam
on adjacent prairie lands In Washington.

The counties in Washington, Oregon, snd Idsho where cercos-
porelin foot rof has been found, and the estimated redus:tion in yield
of wheet, in bushels, are shown in table 1. The injury varies greatly
from season f{o season. The scasonal severity of the disease was as
follows: 1928, very severe; 1929, slight; 1930, moderate; 1931,
moderate; and 1932, severe. In spite of the severity of the disease
development in 1832, the total losses are noted as less or no greater

than in either of the 2 preceding years. There are two reasons for
this: (1) Many farmers discontinued the growing of wleat in the
fall of 1931 because of the previous losses sustained and because of
low prices, and (2) many farmers who continued to grow wheat used
relatively resistant varieties and followed practices thet reduced the
development of the disense,

Tarie L—EBEstimated reduction in yield of wheal cawsed by cercosporella fool rot
in coriuin eounties of Washinglon, Orcyon, and Idaho, 1928-321

[
Bstimated reductinns In rield

Stole snd county -
1628 16528 Hia ek 1632

Whaahlnpton: Bughels | Bushely 5 Bughels | Dushelr
Klickitng &, 50 . 2, 500 2, 500
14,000 1, 500

Walls Walke (T i, OEXD 1,000
Oregon;
mnatiiin . Y R &3] )

Unll i, (i 4, 00 3,000
12,80 f 2, 500 2,000

1o 2, 5o
22, 00 21, 500

Idnh

1 A serlauts ontbronk of Ocrcnsgmrcllu fool rob gecurrod fn tho spring of 1834, following the open winter
of 1933-34, The loss fn bushols Iy osthmnted os )ows: Jdabm, 155,000, Washington, 90,000: nad Oregon,
30,000, Couutios {n Idsho In which the dlsouse bad not bees proviously koown aro Clearwastar, Idaho,
Laih%‘h, Lewls, and Noz Porco.

TooE,
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As slready stated, the fungus causes & distinet reduction in the
number of culms. In culms attacked early in the spring there is 2
sharp decrease in grain weight per head, as shown in table 2. 'The
date for 1929 were taken from healthy and diseased culms of Hybrid
63 and Hybrid 143 grown in tengled fallen spots at Tygh Ridge,
Oreg. The diseased heads were evidently smaller and in many
instances conteined shriveled grains. Later, however, there was no
difference in percentage of germination in the grain [rom heslthy
heads and that from diseased heads. The 1930 dota were taken
from a field of Goldcoin wheat near Alicel, Oreg. The healthy check
sample was from a small plot treated by being covered with straw and
burned over immediately before seeding.

TasLE 2.—Effect of cercosparetla fool rot on weight of heads and grain in healthy and
diseased wheal grown tn fields of {nfested soil on Tygh Ridge, Wasce County, Oreg.,
and near Alicel, Union County, Oreg., respectively, 1929-30

Average welght per licad Percont-
age of
Craln grnin

Averapo kernels | Weight per 1,000
per hoad kernols

g

Year grown
and variety

Diseased
Healthy
Diseased
Healthy
Disensed
Deerease

Healthy

Far Nl Nwa- Per-
1829 Grama) Grams) eont | Grama! Grany ber | der | cent | Grams Grams
Hybrid 03 G, 0] D, 6866 28,0 0.6675] 0.4507) 2| 05, SLB| 18 2.0 24,3 21, 3|

. .1 A,
Lvbrid 13| 1. 4670 . 8003 40.9] 1, 0854 . 584} s o6 390 25,3 382 LY 224

859

I
Qoldeotn 22051 LNy -!!}‘G' 15770 read] 5Tl TS 6 347 ‘2&1.3E .Y 44 30
; '

The depressing effect of a very severe attack of cercosporella foot
rot on the yield of wheat is shown in table 3 from data cobtained in
Klickitat County, Wash., The inconsistent date on Hosar are ex-
plained by the extreme shattering that cecurred in the healthy heads.

TasLe 3.—Effect of a severe allack of corensporellu fool rol on the yield of several

varielics of winler wheal grown in the figld on High Prairie, Klickitat County,
Wash., 1836-31

Acro yield?

Varjety Campnrative resistnnee
Heanlthy | Disensed

Bueshels | Dushels
Hosar -- .- 7| Very resistant.. 280 an, o
Quecn Wil g eeene | BResistnl....

Hybrid 128 . 151 | Suseepiba
RO e v rere e ammmmmmmmmmm e Very suscepiible. ..

t 0.1, refers to necession nutnber of the Dxivision of Cerenl Crops nid THseases, formerty Offico of Cerend
Investigations.

* Phg camporatlve yicids are based o sounro-rod arens e adjpeent ! }and nondi 1 portions of
tha same flekd.

# Yield reduced somewha! by shattering,

DISTRIBUTION ACCORDING TO SOIL TYPES

The distribution and the economic importance of corcosporella foot
roi on the various types of soil in the Columbin Besin are shown in
table 4. The specific names of the soils are given when known, e.g.,




CERCOSPORELLA FPOOT ROT OF WINTER CEREALS

Hunter’s very fine sandy loam,

e.g,, very fine sandy lonm.

7

otherwise the soils are listed by class,

In general, the fine sandy loam and loam soils, which are warm

and retain moisture fairly well and have a low

coefficient, are the ones that harbor the foot-rot fungus.
The principal exception to this is near

cut-over land in Helmer silt loam.
which lies & few feet under the surface,

hygroscopic moisture

Cocur ¢’Alene, Idaho, on

In this aren the water table,
counteracts the drying condi-

tions that usually occur in heavy soil after the spring rains cease. The

urea involved on this soil is small, Loy
tetal area infested in the nearby pr

Tapue d—Distribution and degroe of severity
rarions types of soil in the Columbia Busi

vever, in comparison with the
wiric lands.

af the cercosporella fool-rot disease on
4y tnd the eslimaled areu infested

Lountion

ezreg of severity

Orande Romde Vailey, Orogeee oo . ...

a
Elpin, Oreg
Tyl Ridgo, Waseo County, Oreg. .

High Pralele, Kliekitnt Coanty, Waeh |

Seven Mile IHI mod wvighoily, Waseo
County, Grop.

Friend, Orur.....-..“_,..-......_

Snokune Valley, Wash,, and Tdgho

Peone Pradrie, Spetane County, Wash. .

Pyone and Plensunt Proicles, Spokane
Counnly, Wasly,
Cotur & Alene, ldahe. ..

Columbla nad  Walln \\"nllle_—f.;('l;mlfe_\,

nfn
Umnniitin Connty, Orog
Annatone, Wash,_.._...

Vory severo_.. ...
severp, L.
Fxtreinely ses
YVory severe. .
Bevere. ..o,
Mendernie

AT
Fxtremely sevore., .
Yory severs
Suvere.

Yory sovere. . .-
Moderids Ly slight._.

Prace_ . ..ouo..

1 Beatlorod flalis.
? Approxhnetely Patouse serips,

Soil bype

Abeel sabnis domin,
| Very fine sandy lon
Fine sinedy lowm.
el ool .
Loam amib genvelly losm. |

While snndy MEng. ...,

Charrizon privelly lonmm, .

Tlanler's vecy flne sundy
LU N

o Faburse Noeseody Jomis. .

Heliner sitt fmg. .,
Very finesunddy bntiio

- PUOUIES I 17411 L, -
Sododerte oL 4

by Jearst o Josiy 7

HOST RANGE AND VARIETAL SUSCEPTIBILITY

Aieed Mere sandy bonm_ .

Xstimaced)
neest e
fested wilh
Cereosjio-
refiu

From 1025 to 1832 several hundred varieties and selections of
cereals were studied on inlested ground in an effort to find resistant
varieties. Most of the malerial {ested has boen eliminated on

account of susceptibilify,
pro:msmg varieties.

Further study is being made of the more
The technic of dutermining comparative resist-

ance has gone through a gradual elaboration, until the following pro-

cedure is now used :

Plots are loented on summer-fuliowed land known o have bee

previously,

Varictics are sown carly inn Septembe
(Until 1932 a6 least 2 and usuaily

seetions,)

n infested 2 years

v, usnelly in duplieatc 3-row biocks.
4 or § tesls were located in widely seatbered

Lvery fourth plot is sown lo a cheek of Hybrid 128, This varighy is comn-
mercially grown throughoul ithe areas where cereasporella food rot is found.

1t is of average susceplibility,

The injury from foot rol is cstimated a harvest time by ¢
in several linear fect of the wontrel row in cach plot of

the degree of severily of injury, as shown in table §.

tassifying the culms
cach variely according to
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TasLe b.—Degree of severily and percentage of culm injury caused by cercosporella
foot rot on various selections of cerculs studied from 10825 10 1938

*ereenlngo

af fnjury Dseripllon

Tregres of severily l I
i
|

Wone . #9 Mo o rob.

Slighl..-... .. 5 H’oltil‘m lnyn-spnt leslons #ol penotrallng mare than o faw
vells desp,

Moderate, - 10 | Lasinns penatrating ene fourth to ona hall way through
cilm, wsially 1 young doveloping lesion,

Bovere ... 30 | Slightly less than ona balf way thrawgd enlm (I pxtended
Ieslons) to noarly or endirely through enlm, bul Lsses oot
exlensively collamsod,

‘Vory severd Rottoed clear throuph ithe culin, lissue cnllapsed; plant
ovidently will not recover,

Desd Vs m——— R Cnlms dewd we) charrgd by dizense, (Dlarg stmadl. | When
1 Inrge numbar of tlilers ira dead arl disenseed the per-
contage nhove 40 should e ndided Lo the torsl pereentnee
of injtiry to approshnsts the aetual yoreentnge of redue
tion in yigld.

' Provious to (032, dwal ezhns werg nol conshiered In tha estimale oxeept In cuses where over §7 percont
ware tend.  'Tho poreuniage above Lis Deury was ikdded Lo tho ekl pereentago of injury,

The percentaze of injury is determined by multiplying the per-
centage of disensed culms by the average rating on the severity of
injury of the diseused culms. Tho ealeulated percentage of injury
so ostimated when checked with yield data has been found io bhe
rensonably accurate.

The relative susceptibility of varisties is determined by direct
comparison with tiic nearest Fybrid 128 check {considered as 100),
taking into account observable abrupt changes In soil mnfestation,
influence of adjncent varietics of guard rows, cte.

A summary of the reaction to cercosporelln foot rot of certain key
varicties and sclections is given in table 6. Most ol the varietics and
selections of the several cercals tested are not listed.

Tanue G—Reaction of corlain varielies of ceveuls and grasses fo cereosporella faol vot

0.1, 1 Beverily |

CJL ! Beverit
no. ' oratog |l et

(enus, specles, nnd varloty 1o rnting i

o, spevtes, nnd varlely

Avgma mndive {onls): Triticwsm  Pulgare  (Common
Winder 'TFurf (Grny Winler) 1570 010 wheat): .

Fordey v itifgree (harleyd: thyeen Withelmina  {1lol-
While Club A oran-nd TN PR Sy B -1
Tennesses Winler BO-00 HUSLOM. oo ety erneccnranman .t 5208
F, Y LG S-114) Noptonheimer  {ginbraous

Becale verenle {rye): ol i 17458
Rosetl..ouon o aan ' 10
Union Beartlleay. . .. ..., 300

Aegiingy cutfmlbrien . 1040

Aeglinps ot .a . - . H A0

shegttopy briwneiutis .. L o ee- FR 1) S ] Whent-tye..

Frittenm mopncoccwm (elnkoru) -1l Turplesi tew. -

Priticum dicoccn i fLUIRET): Duwson. ....-....
DBlack Winler... ... . 10330

Priffcim 2peitn (pelt); iAot e e
FLRETT (7Y T h 130540 Ria,

Tritfenin  compaciun  (elubl Iinevist Queen

wheat): Turkey X Mindssa, o
Liitle Chrboeo o ciien . Anns i0-71 Whorkel o ...n
Tted Clnif sel. ..o [[EVRE
Fortyfold X Wy ]
Ldyiwid 123 R T
Hytrid 143. -1 Liw)
Uybrbd 68 cacmeanan 451 Jynes Filoo......
BT IR B 1y 10110 Konred... ...
Fortyfoldl X 1Iybrld 128 L7 ¢ P

(Wnrsery no WY Lo ). 1O0-110 Slndhwedd ¥ Aligtuekl. ... ..
Fortylold ¥ Ilyhrid 128 FIIIY cn mmrimms = nnmmes
Nursery no. M) eeowee-. . . J03-110 ¢ Caopernborklbe es ceoe - on -
JLEST ¥ 100-114 ¢ Stapuistchiin. ... .. - - ) JE0-140

' Comparad with TTyhbeld 128 cheeks rated ng 100 1 Homotines loss roslstant.
1 Sgmethines mors resistant,
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The relative susceptibility of varieties varies somewhat from vear
to year. For instance, if the rainfall in the period from March to
June i« heavy the moderately susceptible club wheats become con-
sidersoly more susceptible. As a rule the Turkey types have been
the most susceptible of the wheats, although some of the soft-red
and white varieties, including Jones Fife and Goldeoin, are nearly
as severely injured.

Susceptibility in a variety usually is associated with one or several
of the following characters: Deep-seated compact crowns, abundant
tillering, small culms in compact crowns, tall straw, and moderately
early maturity.

egistance in & variety usually is associated with one or several of
the following charncters: Shallow-seated relatively open crowns, sparse
tillering, coarse straw and tough leal sheaths, short straw, spring
habit, and very lute maturity.

Hohenheimer (glabrous and pubescent) and Queen Wilhelming
(known also as Holland) are good examples of very late-maturing
resistant varieties. The resistance shown by [all-sown spring wheats
seems to be a matter of aeration. The stands of these varieties usually
are thinned by winter injury, the plants tiller poorly, and therelfore
conditions around the crowns are drier and not so favorable for the
development of the disease. ITFor exumplo, Iybrid 143, a club wheat
of spring habit, is resistant to foot rot under average semiarid condi-
tions, but becomes very susceptible when grown in heavy stands
under humid conditions.

In the fall of 1930 and in the late winter and spring of 1931 periodic
sowings of spring and winter wheats und a winter barley were made in
infested soil on Seven Mile Hill, Wasco County, Oreg., and the per-
centage of injury vas determined lor each variety by the method pro-
viously described. The results are given in table 7.

There was no foot rot in the series sown in the spring and but slight
injury in the series sown in February. This agrees with field obser-
vations, that spring-sown grain escapes the disease.

In general, the study of varietal resistance shows that none of the
adapted commereial wheat varieties is very resistant, but the results
suggest the hope that resistant varieties may be developed by breed-
ing and sclection.

Extensive search has been made for Cercosporells herpotrichoides on
various wild grasses growing near infested wheat fields, but so far
without definite results. InJunc of the years 1929, 1931, and 1932,
lesions resembling those on wheat were found on Agropyron. inerme
(Scribn. and Smith) Rydb. Attempted isolations fron: such lesions
did not yicld the fungus, but there is need for further study of this
grass, especially on specimens collected enrlier in the scason.,

PATHOLOGICAL HISTOLOGY

Studies on the histology of loot-rot-inlected wheat and barley plants
were conducted at Corvallis, Oreg., in 1930-31. With the exception
of the early writings of Fron (18) and & recent note by Foéx ancF Ro-
sella (12), there is no published information on the puathological
histelogy of this disease.

481280 —2
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Tasre 7.—Cercosporelie injury in varicties of spring and winter wheat and a winter
barley sown in infested soil in the fall, late winter, and apring al Seven Mile Hill,
Oreg., 1830-31

Injury when grain was sown—
Qrowth Rooetlon fo
Crop and variply G.L. no, Habit corcosporalia
fool rol Sapt. 5, | Fab. 20, | Apr, 18,
1930 1931 1331
Wheat: Percent | Percemt | Pereend
Minhordl W intork Winter...... Suseontible 4 12 0
Goldeoin. . cmmannnaan d L] S 0.8 ] 1]
Hybrid 128....._.. .. . ..Ho ae- 18.0 7 a9
Purplestraw.o.ooou.on Spriop... . ]enrn- [0 T, %6 8 9
Federation. . ...oa_ne. . .| Reslstant. . __ ... 0.5 ] a
Husten ' oooeeeoo| 538 | _dooill]eaa s F4] J IO, 2 0
AVOIBED. oo oo e icccnecfem e mmm e e ee i mmm e e R0 78 0
Barley:
GACYTme Yool | Winter..... Realshint ... 7.9 .0 0

t Winter-killed when sown Sept. 5; dats from this varloty net ineluded in eversge.
2 Q.A.C.=0regon Agricullura: Collicgc‘

METHODS AND MATERIALS

Most of the study was made on field-infected material killed and
fixed in chromo-ncetic fixative, dehydrated and infiltrated with
araffin after the n-butyl aleohol method, as used by Zirkls (30).
ecause Cercosporella herpotrichoides and ussociated fungt are usually
mingled in the tissues of fleld-infected plants, supplementary studies
were conducted with wheat artificially inoculated in the greenhouse
with C. herpotrichoides, 'Where possible, {resh material from infected
host tissues grown both in field and greenhouse was studied.

The n-butyl alcohol method usua,%iy, though not always, aided in
softening the highly silicified and brittle foot-rot-invaded culms. As
o further aid, the paraffin blocks were soaked m water for long periods.

Erythrosin in clove oil was the most satisfaetory stain for routine
laboratory studies. For photomicrographic work, three stain com-
bipations were used: Ehrhich’s haemstoxylin, safranin &nd fast green,
and Haideohain’s iron alum-heematoxylin.

ORSERVATIONS

PLANTS INCCULATED IN THE GREENHOUSE

In young plants {rom seed inoculated at time of sowingrr the penetra-
tion of the outer sheaths, which in these cases {requently are eoleop-
tiles, follows the formation of slight to substantial stromata. Since
inoculum is abundant the chances for excess development of stromata
are incrensed. In those cases in the greenbouse where there were
secondary infections from spores of Cercosporella Lerpotrichoides the
infections tool place through stomate and formed eye-spot lesions,
and stromata developed later.

FLANTS GROWN IN THE FIELD
BARLY-SEASON DEVILOPMENT

The fungus gains entrance into the outer leaf sheath of the host
either directly through the epidermal eells or, more commonly, through
stomatal openings and usually precedes its invasion by forming a
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CROSS SECTIONS THROUGH LESIONS AT BASE OF WHEAT PLANTS.

L Beetion of wheat eolunin ke June, showing late-season fnvasion of fung into enlon, The hast eolls are
iy siphily infured, the sxlen elomenrs i speclally mesisiant, X9, B Youne lesion in el
showing elaracteristiv development of o Lio-seson infeettan in ahe Grande Romle Villoy of Orepon.
e thickening of pater eell walls, 3K, % Dfection of Buf sl b D the fisl), Tligh Peairie, Wosh.,
i eorly April. The fungos fortned o stronsa o, on 1 be sogside of the shivathotned penedented Chraaght ¢
vuter eell Tayer naaed amnin startod steomsy fovasarion b, on eeaeling (e frer sife al e voll eavity, XEN
S Calm {issae severely infoeted inearly dame witll font-rot fangd, Pl ner eells are earty §Hed with
hyplue. 1ie Tarper vossels were fooe of myeelia, while e B Bnd penctzstel ta (e culm T,
The stromnd e lver oo the esinle of e el mes was Harr vy Do he process o ethebreine, toserwor with
e rennnts of The sheaths, 55, 2, {rass geel jon of yoinng Gllerin early spring, showing invigion
ol Vhe i weeinroer leslalent s b fong-rod Tangl, e st D ore et hroken dow e, Notwe tie prominent
Toaens stromndw g and & The vhird shearin lus yetheen invaded; the deeper Tying shiend s nre always
reslsiann Lo the ol invision beeanse 1oy aee i0n e vigoeons corditive, XL 8, Stronn o,
n oiside of seeand leal=tiearl, showing celB of neerophy pbae, nnd vpbtderuns sl thickened outer
cell wills B X325, 6, Uenvenl view aof eross sectfon of slirnkott Leslon showing cullapsed celly, X125,
Note (bl the larper clemsents of the syl reemin Pty indact,
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stroma on the outer surface of the host (fig. 1 and p’, 4). 'The stro-
wata range in size from a few cells to & mass measnring several milli-
meters in diameter. The individual cells of the stroma are closely
packed, Fofygon-shaped, heavy-walled, and are olive-brown. The
stroma of Cercosporella differs markedly from the rhizomorphlike fila-~
ments of Ophicbolus graminis illustrated by Kirby (21).

The stroma on the outer surface continues to grow after the fungus
tnvades the host and usually becomes very extensive through sapro-

FrauRE 1.—Cross settions throuEh leslons st base of wheat Hants: <1, Youny infection in outer lea! shesth,
showing direct penetration of the cuter celis fotlowing the forminiion of & stroms, Note thaslight constrie-
tion of the hyphas in passing through the seil walls of the host eml U tesdeney o expand on "mm”ﬁ
the inner walls. 875, B, Letail of older infeptlon in leaf sheath, shiow{ng ncronded sapintion sod hyoh
development, Shows detalf of the passage of the fungus through Lhe thichened celi walls, X615 G,
Detail of very young infection [n leaf sheath in March, showing penetration through storontal opening,
Mote strands passing (P rough stomadal opening (ac), fungi In puerd eells (¢c) nnd stromatic mass cont-
pletely Miing substomatal cavlly (sacd. X190, D, Poruion of o cross seetion 5t base of 2 young wheat
tlller 7 wesks after tho wheat had been Inoculnled with Cercorporefia hrrpotrichoides st sowing time, o

tha gﬁcnhﬂusu. The fungus has penttrated tiirough tha lenf sheaths (e, &, ang ) ond is about L attack

tho inner sheath d.  Noto the fuogus stromats, ihe bulbous onlargemants ou sinne of the hyphaa within
the ceils, and the thickenings of the coil walls #n certain of tie Infevtod arens, especinily benenth stromnle.

‘Fhis sectinn happens to b taken so that no woil-developed veins ore shown., X500

phytic development, producing the charred appearance previously
mentioned.

When the fungus penctrates direetly through the epidermal csll,
the penctrating hyphae are reduced in diameter, but after reaching the
cell cavity they increase their diameters again. The writers have not
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(E}Js;arved the exaggerated intracellular development shown by Fron
3).

Wherever the fungus is retarded by contact with resisting cell walls
it produces accumulations of mycelial tissuc in the form of bulbous
cells and various types of macrohyphae. Frequently these fill the
whole cell cavity (fig. 1 and pl. 4). In the stomatal invasions the
fungus accumulates a stroma in the substomatal cavity, invades the
guard cells, and eventunlly pushes its way info the adjacent mesophyll
cells (fig. 1, (),

The host cells in the outer sheaths develop heavily thickened walls
beneath the stroma and in cells that are being invaded (fig. 1 and pl.
4, ). No lignitubers were scen, such as desriibed by Fellows (4)
for Ophiobolus graminis, but In some cases coif walls were thickened
to o point where they approximated one third of the width of the cell
cavity.

The fungus is able to penctrate the inner chlorenchyma tissuc of the
outer leaf sheaf rather readily, but it is held in check for a time by the
external wall of the inner epidermual lnyer, as shown by the nccumula-
tion of hyphae presen$ at this point in young lesions. After forcing
its way into the space between sheaths, the fungus develops another
stroma which is vsually larger than that on the cuter sheath and con-
sists of cells (macrohyphac)larger than those of the first-fornied stroma.
(fig. 1, D, and pl. 4, £).

MIDSEASON DEVELOPMENT

When the conditions are laverable for the fungus, it continues to
penctrate radially, forming a series of stromata between the leaf
sheaths (pl. 4, ). While the culm with the delicate head has usually
eTown past the line of attack by the time the inner sheath is reached,
instances have been observed during periods of very damp and cool
spring weather in which the fungus killed the entire tiller before head-
ing time. In any scason some of the lateral culms, growing less vigor-
ously than the main culm because of {ood limitations, are invaded
rapidly and frequently fail to recover. In figure 1, D, the fungus is
illustrated as ready to cnter the inner sheath before the bud has
forced itself above the danger zone. At best, in such a case, the
resulting head would be considerably stunted by the fungus.

LATE-SEASON DEVELOIMENT

In its progress through the leal sheath the fungus tends to grow
radially and oblique-radially.  After o difficult passage has been made
through the epidermal cells of the culin proper, the fungus progresses
vertically elmost os rapidly as horizontally in the vertically elongated
cell tissue immediately beneath the epidermis.  There is a tendency
for young diseased culms to form o “water-soaked” halo, owing to the
fact that the fungus sdvances faster in the above-mentioned sub-
epidermal clongated cells than in the epidermal cells.

When the parenchyma cells are renched in the interior of the eulm the
fungus ngain resumes & steady imward mareh through the less-resistant
cells therein encountered. 'Lhere is very little hyphal constriction in
the invasion of parenchyma tissue.

After the initial horizontal growth into the inner parenchymatous
tissue, the fungus progresses vertically for considerable distances.
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Various other fungi also invade the lumen area at the same time, the
mixed infection sometimes extending several inches up the culm,
Such affected culms frequently are lead color, especially when Cer-
cosporella herpotrichoides and associnted fungi fill the hollow internodes
with cottony gray welts of vegetative hyphae.

In cases of long-extended infection in which the lesions shrivel and
the culms fall, the cell contents break down and all but the heavier
xylem elements become shrunken and collapse (pl. 4, @). The tissue
throughout the diseased portion is heavy-walled and brittle. David-
son and Phillips () recently indicated that exeessive lignin develop-
ment tends to increase the brittleness of culms. The writers have
observed that discased tissue was much more difficult to section than
corresponding healthy tissue, and when such diseased tissues were
scctioned without special softening measures they broke into smaill
fragments because of their brittieness. )

“he fact that the xylem elements resist the fungus saves much of the
crop from complete destruction.  Since the roots are not attacked, the
plants, if they rcach heading, are seldom killed, because a sufficient
number of xylem elements survive to feed the acrinl parts of the
plants.

THE PATHOGENE

TAXONOMY

In 1931 the senior writer (29) nccepted Carcosporella herpotrichoides
as the correet nume of the Columbia Basin {oot rot, snd 1n the brief
literature reviewed on pages 51 to 52, Cercosporelle is cited by all
investigntors with the exception of Foéx and Rosclla (8 who, in 1029,
gave Cercospora herpotrichoides. Their later reports refer to Cercos-
poretla herpotrichoides.  While there may be some quesiion of includ-
ing this species under the genus Cercosporella, the writers are accepting
this classification for the present.

As previously stated, Cercosporella herpotrichoides was originally
considered connected with Leptosphacric herpotrichoides. While the
two fungi occur together in foot-rot infested wheat in IBurope, only
negative information has been obtained on their connection, In
the United States McKinney reported Lepfosphaeria on wheat in-
fected with €. kerpotrichoides near Spokane, Wash. (@8). Leptospha-
erie has not been found since, although most of the surveys have been
conducted in other areas than the one in which €. herpotrichoides was
originally found. ‘T'he cultures of €. herpotrichoides studied by the
writers were distinetly different from the culture of £, herpotrichoides
sent by Henry and referred to by Henry nund Foster (12}, Naturally
disensed stubble was kept nnder observation en the ground at Cor-
vallis, Oreg., and in the field at other points, but numerous examina-
tions lailed to disclose an ascomyecete that might be the ascigerous
stage of C. herpoirichoides.

All attempts to produce an ascigerous stage of Cercosporella herpotri-
choides in pure culture have heen negative. Numerous strains of the
fungus were grown in pure culture at Corvallis, Oreg., during the
winter of 1929-30 on various media, and parallel series were stored (1)
in the laboratory at approximately 20° C., (2) in the ice box at npproxi-
mately 12°, and {3) out of doors at fluctuating winter temperatures.
The medii used were us follows: Potato-dextrose agar (500 isolations);
corn-meal ngar; corn meal in fasks; wheas heads in test tubes; wheat
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straw in test tubes; wheat kernels in flasks; oat and barley kernels in
flasks; synthetic media of standard and special formulas; Melilotus
sterns, with water, also with I-percent glycerine solution; gelutin;
unpolished rice; and filter paper in various nutrient solutions and

in water.
MORPHOLOGY

The hyphae of Cercosporella herpotrichoides are of two sorts: (1}
Rapidly growing vegetative hyphae, which are pale chaleedony vellow
to olive-brown in color and have narrowly cylindrical cells; and (2}
stromatic hyphae with moderately to very thick walls (macrohyphae)
and frequently polygonal cells that form charred masses on the outside
of culms or sheaths or in the cells of infected culms.

The contdiophores are simple or sometimes branched, In some
cases they are swollen at the base and elongated, but usually they are
short, erect, subhysline to hyaline, and risefrom macrohyphal subicula.
The large ends of the obclavate spores are atiached terminally or
subterminally and may occur singly or sometimesin pairs. The spores

e

(i T Errores
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Froune 2—Spores ol Cercoaporetia herpolricheides fram eulimy of foot-rol-infected wheat yrown ol ilkgh
Proirie, Kiickitat Conaoly, Wash., April 1081, X750,

(fig. 2) are somewhat curved and are 2 to sovernl septate, chiefly 6§ to
7 septate. They difler in size, ranging from 1.5x to 3.54 by 30x to 80u.
Most of the spores are 40x to 60x long.

PHYSIOLOGY
IBOLATION STUDIES

Numerous pure-culture isolations from disensed tissues have been
made on potato-dexirose agar ab intervals since 1923. Previous tfo
1930, the 1solations were obteined in June and July, after the disease
was well advanced. The date for 1929 are presented in table 8.
They show that Cercosporella herpotrichoides was by far the most
frequently isolated fungus. Isolations from the young lesions yielded
C. %e otrichoides in a higher percentage of cases than those from the
older lesions, but there was not very mueh difference in the relative
number of fungi in different parts of the lesions.  The surface stroma
was composed almost exclusively of C. herpotrichoides.
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TasLy 8.-—Kinds and number of fungi isolated from young and old lesions and
from various localions in lesions in wheal culms from fields near Imbler, Oreg.,
i:rm% tn the vicinity of The Dalles, in Oregon and Washinglon, during June ond

uly 1629

Cultures obtalped froms lucations in lestons ag
Culturos oblrined from—! Tadicatord

Ol lesions

Ator Beyond
Culms ! aesr visibie |Qoparnl
Oulme margin margin
braiog bUekled
rekle |
I

Surface
stromwma

Cercosporelln herpo- INwmber| Number, Number\Nwuniher \Number: Numberl iV o.mber' Nuntier| Number]
trichoides 5 i7a 150 412 #1] 158 445 o] 13
Wopnoiwicia graminis_ 5 15 28 48 i3 5 5 0
Fuaarig spp 8 49 30 77 97 u 4 2

5 12 5 ] 8 2 2 0

13 244 12 580 | o H i S 15

!

! Ineludes urknown organisms Lhal oceurred frequent)y enoegh Lo warrant retention. Bacterin, couimion
malds, and varlons nonsepnle fungl were discerded.

During the season of 1930 isolations were made in March and April,
and the results, shown in table 9, indicate that C. herpotrichoides was
the primary invader.

As the season advances there is a tendency for secondary fungi to
obscure the action of C. herpotrichoides and this is especinlly frue
following heavy rains in June.” One of the most common symptoms at
this time is the lead-colored stem induced by the various fungi brown-
ing the cells of the lumen. Besides the usual Fusaria and Wojnowicia
graminis (fig. 2, A), several nonseptate fungi and a Rhizoctonialike
fungus accompany C. herpotrichoides in these late-season infections.

TasLe 9.—Kinds and number of fungi isolaled from lesions on culms and sheaths
of wheat {aken frew fickds in the victnity of The Dalles, in Oregon and Washington,
during March and April 1950

Culbigs ar shenihs Infected by—

Iate of isplation Culm or sheath

Cerco- | Wojno | o Miscel-
sporetia ticig Fusaria | laneous

fungi

AU E Ciembier y Ay
Mar, 18 1o 21 R & ather | N er | Newber | Number

Mnr, 28.
oo
Mar, 31,
Apr,
Apr. 7
Apr. . .
Apr. Bhiod0... . .
Apr. Wand 30 . . .

e T G g et G T
LA -

In some cases, Wojnowicia graminis alone scemed to oxtend the
lesions caused by C. herpotrichoides in the lumen region and produced
long discolored mternal lesions.

The latter fungus is readily iselated from lesions on overwintering
or overwintered stubble in the field.
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CULTURAL CHARACTERS
VEGETATIVE GROWTH

The colonies of Cercosporelle herpatrichoides on potato-dextrose
agar ® are, as previously described {29}, at first hemispherical mounds
of smoke-gray to light grayish-olive velvet-nap mycelium witis paler
margins. About a week after the fungus is transferred and incubated
at 20° C., hyphae begin to grow out from the mounds of mycelia over
the surface of the medium, As compared with associated fungi, C.
kerpotrichoides is slow-growing. At a teraperaturs of 21°, colonies of
Wojnowicia graminis in several dozen petri-dish cultures averaged 74
millimeters in diameter in 11 days, whereas corresponding colonies of
C. herpotrichoides averaged only 31 millimeters in diameter. The
cultures produce small spherical sclerotial aggregates of dark macro-
Lyphae that superficially resemble fruiting bodies.

Waojnowicia graminis differs from C. herpotrichoides In forming a
looser growth which is olive-brown to olivacecus-black on potato-
dextrose agar.

SFORULATION

The appearance of [ruiting cultures wus briefly mentioned in un
earlier article (29). The fungus was grown in (lasks on sterilized corn
menl, and after the usual hemispherical mounds had developed in the
laboratory the cultures were placed outdoors in the late fall in tem-
peratures fluctunting between —4° and 16° C. A darker growth
immediately started, the myeelium lost its velvety nap, became looser
and coarser, and varied in color through severnl shades of gruy to
fuscous, with an ultimate tendency to be lighter in color. The
conrsening proceeded varigbly; sometimes Joose coremiumlike strands
were formed, or more commonly the hyphae graduaily clumped
together into gray to black microsclerotia or flat sporodochia. as the
fungus progressed across the surface of the medium. The extrene
condition occurred as slimy masses of {lesh-pink to carrot-red conidin
simitar to Sherbakeofl’s pseudopionnotes (27).  All of these types were
found together or separately.  Sometimes fans of growth spread out
from the margin of the colony. These were frequently pseudopion-
notes, or more commonly they were olive-green to black, flat, stro-
matic, or chlumydosporelike growths resembling saltants, such as
have been observed in Ascochyia pinodelle (22). %poms ure produced
in tremendous quantities in the pseudopionnotes and on sporodochin.
Some cultures produced so little vegetative myecelium that they
resembled colomes of Dacterin rather thun those of [ungi. In fact,
they were considered as contaminated with bacterin until examinotion
proved the slimy masses were quantities of spores.

Sporulating cultures change the color of the corn meal from a char-
acteristic light maize yellow to a bright lemon chrome. This chro-
matic development starts at the advancing edge of the colony and
gradually extends deep into the medium.

Cultures left outdoors for some weeks and returned to 2 warm tem-
pesuture (20° C.) revert to the compact mycelium with velvety nap
and tend fo lose their chromatic proclivities.

SIMORE GERMINATION

Tlhe spores studied were obtained from viable sporulating pure cul-
tures. At temperature of 20° C., germ tubes appear first from the

5 {3ifeo potulo-dextross ngar, DI 6.5, wos nsed.
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end cells and later from any cell in the spore (fig. 3). Spores ger-
minate readily, if frush, sither in potato-dextrose agar or in Ranker’s
medium (26), but growth is slow. In one series the germ tubes were
only twice the length of the spores at the end of 36 hours, and after
45 hours the mycelia were only 10 times as long as the original spore.
After 3 days the colonies were visible to the naked eye, and after 5
days they had developed sufficiently to be recognized as typiea!,
Cercosporella colonies.

Froune 3,—S1ages in the germination nnd early rrowth of spores ol Cercoxporctn herpotrichnider ootalned
from pure ctiltures on slerile corn meal nid germinaced st 20 C, in polato-dextrase apar (D 5.5). 5 420,
A, Ungerminnled spores a5 taken from corn-meal euliurs, 5, Qerminaling sporey 15 hours after transiar
1o polato-destrose ngar. €, Cerminaling spores 24 hours afler Lransfer Lo potuto-destross ngur. The
spore shown al o s severnl secondary cenidin thal germinated Immediately and lost their identity.
4, Growih A2 hoursnfter thespore hndd been transforred Lo potalo-dextrose ngar and jnst befors the calonles
heeame visible e the naked eye.  Nota inerunse in size af ariginal spore over that of spores shown [n A,
T'he B eriginal cells lie just above the letter 2. The centru! eross walls haed roplured by this tiwe.

PATHOGENICITY

ARTIFICIAL INOQCTULATION STUDIEB

As already stated, in order to obtain infection by pure culture
inoculation 1t is necessary to grow the wheat under cool meist condi-
tions. The negative results of previous years may be attributed to
the fact that the inoculated plants were kept in greenhouses where
the temperatures averaged too high nnd the humidity was too low.

The result of preliminary inoculation worle was bricfly reported
previously (29). Since that time sdditionnl and mwore extensive
inoculation studies in the greenhouse and in the field at Corvallis, Oreg.,
and in fields adjacent to the foot-rot areas have proved that the
fungus is a destructive perasite. An example of the severity of attack
is shown in table 10. Cereals were sown in Amity silt loam at Cor-
vailis in the fall of 1930, preceding a mild winter. Plants were
inoculated in February by lnying the oats-barley inoculum at the basc
of the culms, the soil being foo moist to handle at the time. A strip
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of grain through the plot was inoculated, and by hervest this grain
ang 2 considerable quantity on an sdjacent aren had nearly all fallen,
and almost 100 percemt of the culms were diseased. A parallel
uninoculabed series grown about 200 fect away produced no disease,

The resistance of spring-sown grain has already been discussed in
part under host range. Most of the experimentul ficld inoculations
on spring-sown grain have been unsuccessful. Spring grain inocu-
‘lated with pure cultures of Cercosporetla herpotrichoides in late March
was iree from disease except in one instance where a 2}-percent infee-~
tion was obtoined at High Prairie, Wash. The winter grain sur-
rounding the plots showed 50 to 100 percent of disease by culm count,
und when inoculum was added to some of this naturally infected
winter grain it was so severely injured that most of 16 falled to head,

Lanie 10 —Resull of inosulation on foll-sown coreals in the field of Corvallis, Oreg.,
on Feb. 4, 1931, with pure cillures of Cercosporclia grown on sterile nats and

barley kernecls )
[Hecords taken June 25, 1031]

Vintiely ¢ C.l. { Fallen | Relntive severlty ! Cults e
no. | culnks of fuot to¢ ’ Towl fHeahiny]  Dixeasod

Fererml t‘\mmb" Nuwbep Numbery Prreenk

Hybrid i28wheal ... ... . 4513 G| Severa.... . .. .. 1] £ 4 ", §
Tosnr wheat ... . .. .. cee e JDBGT !l oLodo oo L ' L4 0 14 [06.0
Queen Wilhielmdng whent.... .. 11559 KGN L [ [l 0 12 TR
WheatXryewhenl.. ... . SR04 WL e i ] " 108, 0
Alstrovmoapelt ... . 175 L ] I | 4] U 120 1641 0
Whent¥wheal-Aegitops._. . o LU IR H L IS 146 1] JId 150, 0
Hohenbeitmer (puheseent) wheat. 1 146 K1 PR { [/ R %] 0 Cin 04,0
‘Aeqilope ERENCIR(TE e s omnenn oo e W Moterte. ..o 1 Q08 a 108 ] w0
EAnROr N e i 0| Silght. . - [[H] 4 107 o1, 4
Pinek Winter eluimer. . .- . ;B 45 Maderte. 1L [ 1N} WK
Fylrkd 128 wheal. ... T 1 1512 i | Very severe. .. . 110 ] 11y 10, 0
Minhardix Minlarkl wheat. - ‘ 8215 ... doa.. ... k W i) ur 1HHL U

1 The varietics are lisled in the order io which they werg sown in the feld.
INGCULATION WITIH NATUAALLY INFESTED S0IL

Soi! fram ficlds known to be infested with Cereosporelin herpotri-
chotdes was transported to Corvallis, Oreg. Sced of Ilybrid 128 wheat
was sown in boxes containing this soil and incubated out of doors.
Cercosporelin foot rot was readily produced.

After preliminary work lind shown that the disease would develop
under these conditions, wheat was sown in heavy silt loam at Corvallis,
and covered with 2 inches of soil from n diseased field in Klickitat
County, Wash. As curly as November there were indieations of
injury, and by February, after an open winter, characteristic vye-spot
lesions were photographed. Isolations were positive. In June a
count disclosed that all varietics in the plot were alinost 100 percent
discased and that 70 percent of the eulms had fallen and were ounly
two-thirds ns tall as those ol the checks. All the diseased plants were
a peculiar dull green-yellow (pl. 5).

On the basis of these results, studies of varietal resistance were
started 2§ Corvallis during 1931-32 and are still in progress. In
these studies the grain was sown in 16-foot rows in Newberg sandy
loam soil, and each row was inoculated with & shovelful of infested
soil from Klickitat County, Wash. Tnfections resulting in an average
injury of 30 percent were obtained the {irst season,

The discase also develops on wheat grown in naturally infested sotl
in the greenhouse when temperature and humidity are favorable.
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ROB-SOUARE PLOTS OF SEVERAL VARIETIES OF WHEAT AT CORVALLIS, OREG ,
JUNE 15, 1831,

<A, Uninoeabded. B Fuaeibed w0 seeding (i by esveziog soed widy <o frean Mgy Prairie, Wshe |
infesii]l with Crrensporctl bicpodrichoidis slios g B percent af corvasporelis foo, Tul, severe stanbing,
uend ey Gl eirhigs.
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DISSEMINATION AND OYERWINTERING

TField studies on the role of the spores in the disseminstion of
Cercosporella herpolrchoides have not progressed beyond the pre-
liminary stages.

Dutlng the carly spring, spores are common on diseased plants in
the ficld, sometimes being produced in great abundance. These
spores donbtless have muelt to do with the sudden increasec of infection
after heavy rains in the gpring. The writers have had dilliculty in
f{reenhouse experiments in keeping uninoculated check plants free
romt infeetion when placed near inoculated plants.  Spores are carried
by splashing water. Uninoculated checks kept on benches other than
those on which the inoculated plunts were lept rarely beecame in-
fected. There was some evidence that the spores were air-borne in
o few cases. Foéx and Rosella (71) state that there is evidence that
tlledspores may be air-borne. However, $his point needs further
study.

During the winter of 1830-31 whoat plants 2 months old were
inoculnted with spores from a pure eulture of Cereosporelle on corn menl
and incubated in n moist cool greenhiouse. Typical eyec-spot lesions
developed in 4 woeoks,

Spores kept indoors a few days germinate sparsely and in many
fiaseg fail to germinate at all, which suggests that they are net long-

ved.

As previously mentioned, the fungus survives the winter on diseased
stubb{)c standing or lving in the field. Attempts to isolate the fungus
directly from the soil have been unsuceessful.

CONTROL MEASURES

A briel summary of the data on control of cercosporella foot rot is
presented in the {ollowing paragraphs,

CHEMICALR

Numerous. chemicals have been tried for contrelling the soil-
borne infestation of Cercesporeile herpoirichoides. While some of
these have caused material reduction in the severity of the foot rot,
none has given promise of commercial success.  The chemicals tried
most extensively were organic mercury dusts, alum, aluminum sul-
phate, mercuric chleride, copper sulphate, flowers of sulphur, bor-
denux mixture, and borax.

FERTILIZERS AND AMENDMENTS

There are many references to the use of commercial fertilizers for
controlling foot-rot discases of cerculs. Hamblin (17) suggested the
use of superphosphate at the rate of 156 pounds per acre for control
of the Helminthosperium disease in Auvstralia. Martinet (24) and
Guerrapain and Demolon (15) cautioned ngainst the application of
excessive quantities of nitrogen, and Gaudinean and Guyot (/4), in
studying t-lhc complex of foot rots in northern France, found that

lime, iron sulphate, sulphur, superphosphate, and sodium nitrate
had no appreciable effect on the disense or diseases. The nitrate
fertilizers, however, did not increase the soverify of the disesse, as
had been suggested. Parisot (25), who apparently holds that nutri-
tion is the entire causc of soil-borne foot-rot diseases, found that
phosphate fertilizers tended to stabilize the growth of the host plant
and to reduce foot rot (piétin) in general, According to Parisot,
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the heavy application of nitrogen and potassium fertilizers, which
tends t.owarti) a sudden revivel of growtl, incrensed foot rot. Bii-
fen (I) reported that a foot rot possibly caused by Lepiosphaeria
herpotrichoides was especially bac}) on ammonium-sulphate plots.
Guyot (I16) found that nitrate of soda inereased foob rot more than
the increaged yield waranted. She suggested spring application as
the safer method. An application in October of approximately 134
pounds per acre (150 kilos per hectare) of potassium nitrete and
ammonium phosphate increased foot rot only slightly and increased
yield considerably. Foéx {6) recommended nitrate of soda and also
ron sulphate at the rate of approximately 888 pounds per nere (1,000
kilos per hectare) for contrelling foot rot. e mentioned that in this
case Cercosporella herpolrichoides Fron was found associated both
with L. herpotrichoides and Ophiobolus graminis.

Bxperiments conducted in the fleld with standard commercial
fertilizers applied in the fall have been repeated many times in all
of the major cercosporella foot-rot areas in the Prcific Northwest.
The results will not be given in detail. No fertilizers have con-
sistently shown any value in reducing the severity of the [oot rot,
On the contrary, heavy applications in the fall of fertilizers rich in
nitrogen incrense the discase. Spring applications of commercial
fertilizers have not had any appreciable eflcct in reducing the foot rot.

Experiments were conducted also in the greenhouse. Various
quantities of different commercial fertilizers were added to Newberg
sandy loam soil in cubic-foot boxes and 12-inch glazed drainage tiles,
the checks being left without fertilizer. Half of the containers
were not inocuinted, and the other half were inoculated with Cercos-
porella herpotricheides at seeding time. All were sown to Hybrid
128 wheat. In the soils to which lime or potash was added there
was considerablo reduction in the percentage of injury from foot
rot, and in the soil to which superphosphate was added there was
only 5 percent injury in comparison with 68 percent in the untreated
checks. This did not agree with the results obtainadrin the feld.
The soil used in the greenhouse tests, however, was strongly acid,
whereas the soils in the fteld tests were neutral or only slightly aeid,
This suggests that on strongly acid soils superphosphate might be
of some valuo in controliing foot rot.  In the United States, however,
there are no strongly acid soils now known to be infested with O.
herpotrichoides.

BURNING THE STUBBLE AND HEATING THE 30IL

At La Grande, Oreg., in 1821, 52 percent of cercosporclla foof rot
was found in o portion of o field from which the stubble hiad been
burned after harvest., An unburned check area showed 54 percent.
This indicated little effect (rom the first season’s burning at least.

In September 1929 1 square rod in an infested field near Alicel,
Oreg,, was covered with a bale of straw and burned over. On the
following day Goldeoin wlicat was sown on this plot with a hand
seeder, and within a few days the same variety was sown on the sur-
rounding commereinl ficld. Early in July 1930 the burned-over plot
showed 13.1 percent of foot rot and the sutrounding unburned field
§9.9 percend.

In order to determine whether the presence of ashes on the surface
of the soil was in sny way respounsible for the decrense In the severity
of the disease in the burned portion, an experiment was conducted in




CERCOBPCRELLA PGOT ROT OF WINTER CEREALS 21

an infested field of Hybiid 68 on Tygh Ridge, Oreg., in the fall of 1930.
Straw ashes were mixed into the soil between the wheat plants just
after they had emerged. Datu taken in July 1931 showed 23.2
percent of injury from foot ret where ashes had been added and 23.5
percent in adjacent untreated portions. It is evident, therefore,
that the straw ashes did not reduce foot rot.

On the plot near Alicel in 1929-30 the fire no doubt destroyed the
fungus at the surface of the soil, and because of the shallow seeding
there probably was no mixing with subsurface-infested soil. The
cumulative effect of burning year after yesr should be studied,

EFFECT OF HARROWING

Field observations have shown that harrowing in the spring in-
crenses foot rot slightly il followed by rainy weather; when followed
by dry weather, hnrrowing aids in aerating the topsoil and there is a
reduction in the amount of foot ros. It is not desirable to harrow
too early in the spring when the soil is most moist and when the likeli-
hood of immediate rains is greater.

TIME OF SEEDING

Evidence not presented here has shown clearly that, other things
being equal, the earlier the grein emerges in the fall the greater is the
amount of disense that may be expected.

DISTANCE BETWEEN ROWS AND USE OF DEEP.FURROW DRILLS

All experiments show that increased acration reduces the amount of
cercosporella foot rof. During sessous of excessive rainfall, when the
growth of wheat is rank, there is no appreciable difference in severity

of oot rot in rows 8, 10, 12, or even 14 inches apart. In seasons of
reduced rainfall wider spacing decidedly reduces foot rot because of
increased aeration., Growers in the Grand Ronde Valley of Oregon
are teking advantage of this and are seeding with every other drill
row blank.  They are getting splendid results in controlling the disease
in years when the precipitation is not excessive.

The deep-furrow drill has no value in controlling foot rot. In an
experiment conducted on Seven Mile Hill, Oreg., four varieties were
sown on four dates in the fall of 1928. In July 1928 the sowings
averaged 18 pereent of foot rot in the standard drill rows and 17.4
percent in the deep-furrow drill rows. A similar exporiment conducted
the same year at Imbler, Oreg., gnve 76.2 and 78.7 percent of foot ro &,
respectively, for the {wo sowings.

RESISTANT VARIETIES

Information on varietal resistance is presented earlier in this buile-
ti.  Hybrid 128, while moderntely susceptible, is the most satisfac-
tory wheat to grow on soil infested with Cercosporella herpotrichoides.
A number of varieties have shown less injury from cercosporella foot
rot than has Hyhrid 128, but they have not been tested sufficiently
to warrant recommendation for commercial growiag.

CIOP ROTATION

The writers have made general observations on the influence of
crop rotation on the severity of cercosporelia foot rot, but no actual
rotation plots have been available for critical study.
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Fortunately, foot rot oceurs in areas having slightly more annual
recipitation than much of the whestland in the Pacific Northwest.
or that reascm, crop rotation can be practiced to some extent on

most of the foot-rot-infesied land.

SICRANE RIVER VALLEY AXD ADJAUEKRT PHAIHIES

On Peone Prairie the lower ground in ficlds can be sown to spring
grain or legume crops with sucecess (pl. 6). Foot rot, once destruc-
tive, is now of comparatively minor irnportance over much of this
Iocality., In Spokane Valley proper the problem is more asute, and
rotation in the roeky soil is not so practicable. Where possible,
spring grains, ficld peas, or sweetclover should be sown.

UNION COUNTY, OREQ.

Spring-sown cereals, such as Federalion wheai, oats, and barley,
may be grown on some of the land in Union County, near Elgin, and
to 2 smaller extent on Sand Ridge, near Imbler and Alicel.  Alfalfs,
sweetclover, and other legumes {except veteh) should replace winter
wheat on certain fields in the Sand Ridge area. Fallsown White
Club {(Winter Club) barley will come through a majority of the win-
ters yielding a good crop of grain on foot-rot-infested ground,

COLUMBIA CORGE DISTRICE

Crop rotation is more difficult in the slightly drier Columbin Gorge
district. On_ Seven Mile IIill, Wasco County, Oreg., leguminous
crops do fairly well and spring grains can be grown to some extent.
These crops are profitable only in seasons when moisture is relutively
shundant. However, they cannot entirely supersede winter wheat.
On Tygh Ridge, also in Wasco County, m anolher strictly winter-
wheat arens, the worst spots of foot-rot-infested soil could well be
held over until spring and sown to Xederation wheat. On High
Prairie winter barley is worth a trial on foot-rot-infested ground.
Alfalfa and sweetclover should be used on spots that are chronieally
infested with the foof rot. The oceasional seeding of the usually
very badly infested hay strip with some legume is o good practice.

SUMMARY

A foot-rot disease of winter wheat and winter barley caused by the
fungus Cercosporelle herpotrichoides Fron is important in certain por-
tions of the Columbin Basin in Oregon, Washington, and ldaho.
The disease is also known e occur in France.

The fungus attacks the base of tillers in early spring, forming
elliptical cye-spot lesions on {he leaf sheaths, Tt penctrates into inner
tissue, forming lesions in the first or second basal internode of the
developing culms. Stromata are formed on the lesions, giving them
a charred appearance. The lesions later shirivel, and the culms may
buckle and fall under the weight of the maturing head, especially in
the case of wheat. Cercosporelle herpotrichoides usually does not
cause severe stunting of the attacked plants nor does it attack the
roofs of such plants, two characteristies that distinguish it from
Ophiobolus graminis.

The degree of injury caused each year by Cercosporelle herpotri-
choides varies considerably with seasonnl climatic conditions, crop
practices, and the application of control measures, The loss by this
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METHGO OF CONTROL PRACTICED ON I]DQEaL.DZNE PRAIRIE, SPOKANE COUNTY, WASH |

Lervosporella-nfested soil in ihe depression @ sown o gprime wiiesd amd the aniofested sail on the hisher
preine [ osowan fo winter wlhisil,
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foot rot is due to reduction in the number of culms, decrease in head
size and grain weight, and increased difficulty of harvesting the
follen, irregularly ripening grain. C. herpotrichoides is mainly con-
fined to fine or very fine sandy loam prairie soils.

Many varieties of wheat, barley, and rye, and a number of grasses
are susceptible to Cercosporella herpotrichoides, whereas oats are nearly
immune under artificial inoculation conditions. No wild hosts are
known. No wheat varicties of commercial importance were found
to be resistant to the disense.

The fungus enters either directly through the cell walls of the host
or through stomatal openings. It invades intracellularly and forms
external and internal stromata on the host. Histological studies of
the disease are discussed on pages 9 to 13.

It 1s shown that the primary invader in the early spring in the
plants infected with foot rot 1s Cercosporelle herpotrichoides. The
conidiel stage, which is the only known spore stuge, develops on
corn-meal cultures incubated ander favorable conditions for tempera-
ture and hnmidity., It occurs on infeeted plants in the field in early
spring. The sporulating cultures are fully described. The conidin
germinate slowly and after several days produce the smoke-gray
colonies characteristic of €. herpotrichoides.

Under eonditions at Corvallis, Oreg., cereals were severely injured
by cercosporella foot rot in naturally infested soil in a cool-tempera-
ture greenhouse held at 4° to 20° C. Similar results were obtained
in localities in eastern Oregon.

The fungus lives over winter on infected stubble, Spores transmit
the disease, although thetr importance is not knewn.

Crop rotation, resistant varietics, and time of seeding are important
factors in the control of the disease. TFertilizers and chemicals have
little value in controlling the discase in the feld.
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