RHYNCHOSPORIUM SCALD OF BARLEY, RYE, AND
OTHER GRASSES'
By RALPH M. CALDWELL
Associate pathologist, Division of Cereal Crops and Diseases, Bureau of Plant
Industry, United States Department of Agriculture 2
INTRODUCTION

Scald of barley, rye, and other grasses, caused by Rhynchosporium
spp. is a common foliage disease in many parts of the world. In
certain regions of North America it has been one of the principal
limiting factors of barley production. Little study has been given
this disease by pathologists in the United States and only slightly
more in Europe. The present studies, initiated in Wisconsin in
1926, comprise a general consideration of the taxonomy, physiology;
and host specialization of the causal fungus and of the host-parasite
relationships, and seasonal development of the disease. The findings
relative to physiologic specialization and pathological histology
stand in marked contrast to those of Bartels (1) ^ in. Germany and
Brooks (2) in England. Two preliminary reports have been published
on this work (3, 4).
THE DISEASE
COMMON NAME

Several common names have been applied to the disease referred
to as ''scald" in this paper. These include 'leaf blight'^ "leaf spot'',
"leaf blotch'', and "scald." With the exception of the latter, each
of these has been used to designate another cereal disease and is
avoided here to prevent confusion. The term "scald", besides being
distinctive among cereal disease names, has in its favor the facts that
it is accurately descriptive of the disease in its most aggressive form
and that recently it has been frequently used.
mSTORY, DISTRIBUTION, AND ECONOMIC IMPORTANCE

Oudemans (17) first recorded the discovery of the scald organism in
'June 1897, having found it on rye (Sécale céréale) in the Netherlands.
He reported it under the name Marsonia secalis n. sp. Frank (11),
in October 1897, gave the first adequate description of the disease,
reporting it on barley and rye in Germany. He recognized it to be
of considerable economic importance on barley, particularly when the
plants were attacked in advance of the heading stage. Seedling
plants of barley were reported to be killed by severe attack. Frank's
examination of herbarium specimens revealed the presence of the
disease in Germany in 1894, which is its earhest known occurrence.
1 Received for publication Apr. 13,1937. Issued August 1937. Cooperative investigations by the Division
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Departments of Plant Pathology and Botany of the University of Wisconsin, and the Department of Botany,
Purdue Agricultural Experiment Station.
2 The writer gratefully acknowledges the assistance of Drs. J. G. Dickson and E. M. Gilbert of the University of Wisconsin during the progress of these studies.
3 Reference is made by number (italic) to Literature Cited, p. 198.
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Frank reported inoculation experiments by E. Heinsen proving the
relationship of the causal fungus. Heinsen (í^), in 1901, published
a full account of his experiments with scald, referred to by Frank.
His inoculations showed barley and rye to be susceptible, wheat
slightly susceptible, and oats immune.
Since these early papers scald has received little attention other
than in records of occurrence and a report of resistance in barley by
Johnson and Mackie {13)j until the recent publications of Brooks
(2), Bartels (1), and Mackie (16). The disease was first mentioned
in American literature in 1917,* when it was reported to have been
prevalent in 1915 in the United States. It is now known to occur
widely in northern Europe and in the United States, and in Canada,
New South Wales, Tunis, Argentina, and Peru. Reports of severe
losses from scald have come only from the United States and Germany.
The disease occurs very frequently in severe form on the winter barley
crop of the Pacific Coast States and Idaho. The most destructive
epidemics have been reported in the interior valleys of California
where a positive correlation was noted between scald resistance and
yield (6). Barley yields in this region have been estimated to bé
reduced as much as 20 to 30 percent (6). In the same State in 1925,^
the disease was reported as ''killing the leaves, shrivelling the kernels,
and weakening the plants to such an extent that a reduction of yield
of probably 25 percent occurred.'' Wiebe ^ makes the following
report of barley scald in California, based upon comparative yields of
susceptible and resistant varieties during epidemic and nonepidemic
years: ''In 1935 barley scald was a serious disease in California.
Yields of susceptible varieties were reduced from 10 to 15 percent.''
Less frequently scald may become prevalent in other sections of the
United States but has not been considered of major economic significance. In spring barley plots at Madison, Wis., in 1928, 1929, a^nd
1930, the disease became abundant during the booting and heading
stages of growth. The foliage was almost entirely killed, yet the
plants matured and produced apparently normal heads and grain.
Although yield reduction must have resulted, no measure of the loss
could be made. In Europe, scald has been reported as severe on the
seedling and mature plants by Frank (11) and Heinsen (12). Brooks.
(2) states that susceptible varieties in England, although suffering
loss of almost all the lower leaves, recovered as the plants matured,
and showed no appreciable effect of the disease at harvest time.
PLANTS ATTACKED

In addition to very commonly attacking barley (Hordeum vulgäre
L. and H. distichum L.) and rye (Sécale céréale L.), scald has been
reported twice on wheat (Triticum aestivum L., T. vulgäre Vill.), once in
Germany (12), and once in Washington State in the United States.^
It was also once reported on oats (Avena sativa L.) in Denmark (14)A number of grasses belonging to seven genera are also reported to
be attacked. The literature to date lists the following occurrences of
this disease on grasses, namely, Agropyron repens (L.) Beauv. in
* UNITED STATES BUREAU OF PLANT INDUSTRY, DISEASE CAUSED BY RYHNCHOSPORIUM GRAMINICOLA.
U. S. Bur. Plant Indus. Plant Disease Bull. 1: 9. 1917. [Mimeographed.]
Í HASKELL, R. J. SCALD CAUSED BY RHYNCHOSPORIUM SECALIS (OUD.) DAVIS. U. S. Bur. Plant Indus.
Plant Disease Reptr. Sup. 48: 341. 1926. [Mimeographed.]
6 Personal correspondence with G. A. Wiebe, Division of Cereal Crops and Diseases, Bureau of Plant
Industry, U. S. Department of Agriculture.
7 JOHNSON, A. G., and HASKELL, R. J. RHYNCHOSPORIUM GRAMINICOLA ... U. S. Bur. Plant Indus
Plant Disease Bull. Sup. 8: 37. 1920. [Mimeographed.]
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Wisconsin (S, 5), Oregon;^ Denmark (14)^ and Germany (1); A.
dasystachyum (Hook.) Scribn. in Oregon; ^ Bromus inermis Leyss.
in Wisconsin (5,9) ; B. mollis L. in England (^) ; B. sterilis L. in England
iß)] Dactylis glomerata L. in Wisconsin {9), England {2), and Oregon; *
Danthonia sp. Lam, and DC. in Oregon;^ Elymus robustus Scribn.
and J. G. Sm. {canadensis) in Wisconsin (^); E. glaucus Buckley in

1.—Morphology of conidia of races of Rhynchosporium secalis and of R. orthosporum, produced on
their respective hosts and in cultures isolated from tTiese hosts. A, B, Barley race of R. secalis from host
and culture respectively; C, D, rye race of R. secalis from host and culture respectively, E, F, Agropyron
repens race of R. secalis from host and culture respectively; Ö, H, Bromus inermis race of R. secalis from
host and culture respectively; /, J, Elymus canadensis race oiR. secalis from host and culture respectively;
K, L, R. orthosporum from host and culture respectively.

FIGURE

Oregon;^ Hordeum juhatum L. in Wisconsin {3) and Oregon; ^ H. murinum L. in Germany {1) and Oregon;^ Lolium ^perenne L. in Germany
{1 ) and Oregon ; ^ L, multiflorum Lam. in Oregon ; ^ Milium eßusum L. in
Denmark (¿4) • Ii^ addition, the writer has found the disease on Elymus
virginicus L. in Indiana and on Hordeum jubatum L. in South Dakota.
Dactylis glomerata has been found by the writer in Wisconsin
attacked by an undescribed species of Bhynchosporium differing from
8 SPRAGUE, R. A PRELIMINARY CHECK LIST OF THE PARASITIC FUNGI ON CEREALS AND OTHER GRASSES
OREGON. U. S. Bur. Plant Indus. Plant Disease Reptr. 19: [156]-186. 1935. [Mimeographed.]
B HASKELL, R. J. See footnote 5.
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R. secalis in the cylindrical shape and lack of apical beak of the
conidia (fig. 1, A", i). The symptoms of the disease are very similar
to those caused by R. secalis on other hosts. An examination of the
collection from which Drechsler (9) reported R. secalis on this host
has shown the conidia to be those of this undescribed species. This
species has also been collected by Sprague^ in Oregon and submitted
to the writer for identification. Thus, the only two reports of
Rhynchosporium on D. glomerata in the United States have proved to
be based on the new species rather than on R, secalis. The description
of the new species, designated as R. orthosporum sp. nov., is given
herein in the section on Taxonomy and Nomenclature.
A number of grass species not reported as naturally infected in the
field have been infected by artificial inoculation with Rhynchosporium
secalis. Bartels (1) reports the following species artificially infected
with inoculum collected in Germany: Lolium italicum, Poa pratensis,
P, nemoralis, P. compressa, P. trivialis, Bromus aroensis, Agrostis
stolonifery Cynosurus cristatus, Phleum pratense, and Holcus lanatus.
The writer has artificially infected the following species, unknown
to be naturally infected: Agropyron tenerum, Bromus arenarius, B.
lanuginosuSj B. madritensis, B. oiUosus, Elymus striatus, Hordeum
nodosum, and H. pusillum.
SYMPTOMS

Scald as it occurs in Wisconsin, and as it has been described most
frequently, is primarily a foliage disease attacking most conspicuously
the blades, and to a lesser degree the leaf sheaths. The disease symptoms are strikingly similar upon all of the hosts observed by the writer
(pi. 1) and may easily be recognized and distinguished from those of
other leaf-spotting diseases of cereals and grasses. In the early stages
of development, the lesions are of a dark bluish-gray color with a
water-soaked appearance. Such areas are often 1 to 2 cm in length
before evident collapse of the tissue occurs. This collapse takes
place very rapidly, and in this stage, especially upon barley where
large numbers of lesions are coalescing, the impression of rapid
scalding is created. Lesions developing separately tend to assume a
lenticular shape. The scalded area soon dries and the center assumes
a light-gray color. The margin assumes a dark-brown color, which is
the most distinguishing feature of the scald leaf spot. Successive
enlargements of the lesions may occur and concentric brown rings
result (pi. 1, Aj B), giving the lesion a zonate appearance. Leaves
are completely destroyed by severe infection and often almost complete defoliation of the host results.
PATHOLOGICAL HISTOLOGY

The relation of the scald fungus to the host tissue and the development of the disease have been studied microscopically upon barley
leaves naturally infected in the field and artificially infected in the
greenhouse. Stages in the development of the disease from penetration of the host to complete break-down of the leaf tissue and fructification of the pathogène have been followed.
In the study use was made of both longitudinal and transverse sections
of the leaf and of cleared whole leaf segments. Material for sectioning
was fixed in both chrom-acetic urea and formalin-acetic-alcohol fixa8 See footnote on page 177.
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tives, the former being the more satisfactory. Longitudinal sections
lOjjL in thickness and transverse sections 20/z in thickness proved satisfactory for study. Staining in safranin followed by fast green was the

-a
:^—c

d

2.—Penetration oí cuticle hy Rhynchosporium secalis and development of subcuticular in^oeHum:
a, Conidium; 6, appressorium; c, subcuticular myceliuui, d, vertical epidermal celi wall. Qrateu Mth
the aid of the camera lucida. X 700.
:
,¿ >

FIGURE

most useful technique used for differentiation of host a¿4 parasite
tissues and pathological conditions in the host. The stages during:
conidium germination, appressorium formation, and after penetratiai^
EXPLANATORY LEGEND FOR PLATE 2
A. Germinated conidium of Rhynchosporium secalis on a barley leaf. X 1,200. a, Conidium; 6, germ tube*
c, appressorium; d, vertical wall of epidermal cell.
»
. „4
B. Longitudinal section of seedling barley leaf showing penetration to the subcuticular position. X 1.900
a, Upper cell of conidium; b, short germ tube; c, appressorium; d, penetrating hypha; e, papillate
growth on epidermal wall about point of fungus p^etration; /, normal wall penciled to show clearlv
the normal thickness.
C. Longitudinal section of a young infection of a leaf of a nearly mature barley plant. X 1,440. a, Cross
section of minute, slightly flattened, subcuticular hypbae; 6, altered section of upper epidermal cell
wall failing to retain safranin stain,
D. Transverse section of a collapsing lesion on a leaf of a nearly mature barley plant. X 1,800 a Cross
sections of subcuticular hyphae; b, cuticle of cell wall.
E. Transverse section of an advanced lesion on a leaf of a nearly matiure barley plant. X 475. a, Collapsed
mesophyll; b, normal mesophyll at margin of lesion; c, shows marginal advance of collapsing epidermis
on dorsal surface over normal mesophyll at 6; d, normal epidermis on ventral, noninfected sid^ of leaf
F. Longitudinal section of an advanced lesion on a leaf of a nearly mature barley plant showing penetration
from the superficial stroma into the mesophyll. a, Superficial stroma; b, hyphae penetrating epidermal cell or cell wall; c, hyphae invading mesophyll; d, collapsing mesophyll cell adjacent to invadine
hyphae.
*
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of the cuticle were satisfactorily studied in segments of whole leaves
killed and partially cleared in a 50-50 mixture of 95-percent alcohol
and glacial acetic acid, and stained in an aqueous solution of cotton
blue. The conidia and germ tubes were heavily stained while the
host tissue remained clear. Although the subcuticular hyphae could
not be stained because of the covering of cuticle, they were clearly
visible by microscopic observation, owing to light refraction.
Less complete observations of pathological histology have been made
ont^pald of rye, Agropyron repens, and Dactylis glomerata. The
macroscopic symptoms as well as internal pathology appear to be
identical for scald on these hosts and on barley. Because of this similarity the scald of barley has been selected for study as a representative of the group of scald diseases, and all statements following refer
specifically to scald of barley. All evidence at hand indicates that
they apply also to the disease on the other hosts.
MODE OF INFECTION

In the early stages of the development of Rhynchosporium in the
host tissue the mycelium is wholly subcuticular. Penetration to the
subcuticular position is effected within a 48-hour period. The germ
tubes form very small rounded structures at the ends, apparently functioning as appressoria, from which penetration occurs (fig. 2 and pi.
2, jB). Several appressoria may develop upon the branched germ
tube system originating from a single conidium. Immediately
beneath the appressoria the outer epidermal wall thickens to form a
rounded papilla, several times the thickness of the wall, which projects
into the lumen of the cell (pi. 2, B, e). The penetrating hypha grows
into this thickening and then laterally in a subcuticular position (pi. 2,JB, dj and fig. 2). Penetration may occur on either the dorsal or
ventral epidermal surface.
DEVELOPMENT OF FUNGUS IN THE HOST TISSUE

Following penetration, the subcuticular mycelium grows rapidly
and branches profusely. The first hyphae are very smaU in diameter
and slightly flattened and oval in cross section (pi. 2, O, a). They
remain very small for several days following infection. The average
small diameter is about 0.6/*, whüe the large diameter averages about
2.2/z. After occupying a considerable area of the epidermal surface,
the subcuticular hyphae enlarge (pi. 2, D, a) and impart a grayish
cast to the infected area in contrast to the bright green of the surrounding tissiie. The outer epidermal wall, which normally takes the
safranin stain heavily, loses its affinity for this dye in the area immediately below the subcuticular hyphae (pi. 2, (7, b) and becomes
EXPLANATORY LEOEND FOR PLATE 3
A^^ Longitudinal section of a mature lesion on leaf of a nearly mature barley plant, showing restriction of
fertile stroma to one surface of the leaf. X 700. a. Fertile stroma; 6, collapsed mesophyll cell; c, one
of the rather few hyphae occurring within the mesophyll; d, noncoUapsed epidermal cell on surface
opposite the side of infection, no stroma occurring on this surface.
B. Longitudinal section of a mature lesion showing fertile stroma covering guard and epidermal cells. X 880.
a, Superficial stroma; 6, hyphae penetrating through macerated epidermal cell walls into mesophyll.
C. Longitudinal section of a mature lesion on barley, showing the distinctive manner of coniditun production
in JRhynchosporium secalis. X 1,300. a, Immature conidium, oriented to obscure the beaked, apical
cell; b. cell of fertile stroma on which conidium Is borne.
D. Free hand section of a lesion produced by Rhynchosporium alismatis (Oud.) Davis on Alisma plantagoaquatica, showing manner of sporulation. X 1,300. a, Immature nonseptate conidium (dark bands
on conidium are not cross walls but stained cytoplasm, cross walls when present showing as white
lines) ; 6, flask-shaped conidiophore.
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PLATE 4

Photographs of 28-day-old culture of five physiologic races of Rhynchosporium secalis and one culture of
IÎ. OTlhosiiorum growing on potato 2 percent dextrose agar. X 1.75. A, Barley race of R. secalis: B, Agrovyron repens race of R. secalis; C, Klymus canadeniis race of K. secalis: D, rye race of R. secalis: E, Bromus
inermis race of R. secalis: F, 1{. orthoaporum
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weakened as evidenced by frequent bending and sinking at such points.
The outer epidermal wall is the first tissue to collapse, falling against
the lower wall of the epidermal cell (pi. 2, D and E, c). Following
the collapse of the epidermis, the mycelium begins to penetrate
through the macerated walls of the collapsed epidermal cells into the
mesophyll from the stroma which has been formed from the subcuticular hyphae (pi. 2, F, &, c, and pi. 3, B, b). Growth within the
mesophyll is intercellular. Prior to this stage the mesophyll cells
appear normal but rapidly collapse in the region of the invading
mycelium (pi. 2, F, d, and pi. 3, A, 6). At this stage the macroscopic
symptom of scalding and water-soaking becomes evident in the leaf
spots. Even after complete break-down of the mesophyll the mycelium
makes only a sparse development in the interior of the leaf (pL 3, ¿, c).
This stage is reached about 9 days after inoculation in barley and after
about 14 days in rye and the grasses under greenhouse conditions.
The infected area continues to enlarge by the radial growth of the
subcuticular hyphae at its margin, the epidermis first collapsing,
followed by successive penetrations of the fungus into the mesophyll
(pi. 2, Ej c). There is no evidence that radial growth of the intercellular mycehum within the mesophyll plays any important role as a
means of enlarging the diseased area, since the subcuticular development of mycelium and subsequent epidermal collapse always considerably precede the appearance of hyphae in the underlying mesophyll
at the margin of the lesion.
FRUCTIFICATION OP THE FUNGUS

During the invasion and break-down of the mesophyll^ the subcuticular mycehum develops rapidly, covering the entire area of the leaf
spot and building up a fertile stroma which may be several cells in
thickness (pi. 3, A, a, and B, a). At this stage the cuticle has been
pushed away from the wall and lost, leaving the stroma completely
superficial. The greatest growth of the fungus is in this subcuticular
and later superficial position, the mass of the fungus there far exceeding that within the mesophyll tissue. Fructification occurs after the
complete break-down of the leaf tissue in the infected spot. The
conidia are formed as direct outgrowths of the cells of the superficial,
fertile stroma (pi. 3, (7, a, 6). Sporulation is most abundant in the
central and most completely collapsed area of the leaf si)ot.
Owing to the restriction of the initial development of infection and
subcuticular mycelium to one surface of the leaf, the fruiting stroma
and sporulation are limited to that surface, although either surface may
become infected (pi, 2, E, c, d, and pi. 3, A, a, ¿). The fungus does
not grow through the leaf to fruit on the opposite surface. The
fructifying surface can be identified macroscopically by the darker
color of the leaf spot margin there, as contrasted with that on the
opposite side. Fructification on both surfaces of a given leaf area
occurs only where two separate infections take place on exactly
opposite sides of the leaf.
DISCUSSION OF PATHOLOGICAL HISTOLOGY

Penetration has been reported and figured by Bartels (!) as being
effected primarily by the growth of conidial germ tubes through the
stomata, directly into the mesophyll of the leaf. He also reported
direct epidermal penetration as occurring less frequently. Mackie
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(16) implied stomatal entry by stating that the germ tubes ''form
appressoria in the stomata.'' The observation of hundreds of germinating conidia and penetrations, in this study, has given no evidence
of even the rare occurrence of stomatal entry. Germ tubes repeatedly
have been observed to have grown across the surfaces of stomata to
form appressoria on the upper epidermal wall elsewhere. The early
stages of the pathology of the scald disease, involving abundant subcuticular development of mycelium prior to its appearance within the
mesophyll tissue, precludes the possibility of stomatal entry being of
significance in the initiation of infection.
Bartels (1) has figured the fungus as first developing within the
mesophyll and later growing out to the epidermis to form the fertile
mycelium within the lumen of epidermal cells of both the dorsal and
ventral surfaces. Brooks (2), while not following penetration of the
fungus, gives an account of fructification similar to that of Bartels,
assuming preliminary entry of the mycelium into the mesophyll and
later growth out to a subcuticular position or into the lumen of the
epidermal cells where fructification occurs. Failing to understand
the manner of the initiation of parasitism of Rhynchosvoriunij these
workers have apparently interpreted the penetration from the subcuticular mycelium into the mesophyll as occurring in the reverse
order. The writer has never observed a case where the fruiting
stroma developed initially within the lumen of the epidermal cells.
Occasionally, as shown in plate 2, F, 6, hyphae penetrating into the
mesophyll appear to have traversed the lumen of the epidermal cells.
A more likely interpretation, however, is that they have grown down
through the vertical wall of the epidermal cells, which are indiscernible, as is most wall tissue in the presence of masses of the fungus. It
is possible that, after break-down of the epidermal cells, the fertile
mycelium may develop within the macerated walls of these cells. It
is certain, however, that in the writer's material, hyphae did not enter
the lumen of epidermal cells preliminary to formation of the fruiting
stroma.
Davis (8) stated that the conidia are borne on undiffereutiated
hyphae protruding from stomata. The papers of Frank {11) and
Brooks (I) and the present work concur in showing this to be incorrect.
THE CAUSAL ORGANISM
TAXONOMY AND NOMENCLATURE
THE GENUS RHYNCHOSPORIUM

The taxonomy and nomenclature of the genus Rhynchosporium have
become confused in European and American literature. The first
mention of the genus Rhynchosporium occurs in a publication by Frank
(11) in October 1897, in which the author credits the naming of the
new genus to his associate, E. Heinsen, who had not yet published his
work. Heinsen (12) in 1901 published on this work. Both Frank
and Heinsen failed to give formal descriptions of the genus or species,
merely giving a general description of the fungus with illustrations.
Formal descriptions were later provided by Saccardo (18) and Lindau
{15)j who credited authority for the genus Rhynchosporium and the
species R. graminicola to Heinsen.
Davis {8) in 1922 emended the genus to include all Mucedinaceae,
Micronemeae, Hyalodidymae. Davis conceived the conidia to be
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borne in the following manner: ^^An undifferentiated hypha makes
its way to a stoma where it bears upon its extremity a conidium."
This statement has been shown to be in error by the present work and
that of Brooks (^). _
The taxonomic position of the genus Ehynchosporium is somewhat
debatable since the genus appears to possess characters common to
both the orders, Moniliales and Melanconiales. The apparent resemblance to the Melanconiales lies in the fructification from a stromalike stratum. This stratum constitutes the main mycelial body of
Bhynchosporium, being almost continuous over the aflFected portion of
the leaf and more or less unlimited in its growth at its margin. The
position of the stroma is essentially superficial on the leaf, although
the initial growth of hyphae immediately following infection and at
the margin of the stroma is in the subcuticular position. By proliferation of this mycelium the stroma is progressively built up from the
center toward the margin of the leaf spot. The margin of the stroma
grades into a diffuse nonstromatic mycelium, in a subcuticular position.
The cuticle is soon pushed away and dislodged as the fruiting stroma
is built up. Conidia are never produced within the host tissue, or
even under the cuticle, later to be discharged.
In the existing keys to the genera, it is true that Bhynchosporium
might conveniently be placed in the order Melanconiales or even
considered synonymous with Marssonina. However, this study is
interpreted as giving little evidence that Bhynchosporium is closely
related to genera of this order. If such an interpretation were made,
the whole more or less diffuse and superficial fungus body, which is
often over 1 inch long and one-half inch wide, must be considered a
singlé acervulus. Therefore, as the preferable alternative, the fruiting
structure is here interpreted as a more or less compact, yet little
organized mycelium, from which conidia are directly abstricted as in
many other genera of the Moniliales. On the basis of these considerations Bhynchosporium is here recognized as a valid genus in the
family Moniliaceae.
Frank's illustrations indicate that he correctly understood the
morphology of the fruiting structures of the genus. However, the
descriptions by Saccardo and Lindau are based on Heinsen's studies
of the morphology of the fungus in culture and are misleading as to
the morphology of the fructifying structure on the host, which, in the
writer's opinion, is the important distinguishing feature of the genus.
It seems necessary, therefore, to present here an emended description
of the genus, including the characteristic features of fructification.
Rhynchosporium Heinsen.
Parasitic, producing spots on leaves; sterile mycelium sparse in mesophyll of
host; mycelium subcuticular at first, later developing into a superficial fertile
stroma more or less covering the leaf spot; conidiophores absent; conidia oneseptate, hyaline, sessile on cells of fertile stroma.
The emended genus, Rhynchosporium, would fall in the classification, Moniliaceae, Hyalodidymae, Micronemeae.
NOMENCLATUKE OF RHYNCHOSPORIUM SECALIS (OuD.)

DAVIS

The first published record of the scald fungus was made by Oudemans (17) in June 1897, under the binomial Marsonia secalis, 4 months
previous to Frank's publication (11) on the same organism, under the
name Bhynchosporium graminicola Heinsen. Davis (7), in 1919,
believing that Oudemans had incorrectly classified the fungus in the
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Melanconiales, recognized Heinsen's genus Ehynchosporium in naaking
the new combination Rhynchosporium secalis (Oud.) Davis.
Bartels (1), in 1928, inside the combmntion Marssoriina graminicola
(Ell. and Ev.) Sacc, placing Gloeosporium graminicolum Ell. and Ev.,
M. secalis Oud., and Rhynchosporium graminicola FrsiJik in sjnonjmj.
He recognized as having priority a description by Ellis and Everhart
(10jp, 164) of G, (Marsonia) graminicolum, collected upon an unidentified grass by John Dearness at London, Canada. The description
given of G, graminicolum has nothing in common with the characters
of the scald fungus. Through the efforts of J. J. Davis, cotype
material of G, graminicolum Ell. and Ev. has been secured from
Dearness for study by the writer. This specimen is not the scald
fungus and shows no similarity to it either in disease symptoms or
fungus structure, and therefore can have no priority in the nomenclature. Elhs and Everhart's report (10) is accurately descriptive of
the specimen. The internal morphology of the host strongly suggests
it to be one of the Cyperaceae.
In view of the priority of Oudemans' description, the yaUd name of
this species, then, is Rhynchosporium secalis (Oud.) Davis.
NEW SPECIES

A new species of the genus Rhynchosporium has been collected in
Wisconsin by the writer (4) and by Sprague ^^ in Oregon, attacking
Dactylis glomerata. This fungus produces symptonis identical with
those of R, secalis. The fruiting structure is likewise similar. The
new species, here designated as R. orthosporum, has uniformly cylindrical conidia which distinguish it from R. secalis (fig. 1). It is
described below.
Rhynchosporium orthosporum sp. nov.
In foliis; maculis amphigenis, 0.5-3.0 cm longis, lenticularibus et saepe confluentibus, initio humido-fusco-olivaceis, margine concolori, dein centro canis,
brunneo-marginatis; conidiis 14.4-19.4 X 2.3-4.7 M, erectis, clyindraceis, medio
1-septatis, in stromatibus superficialibus sine basidiis et plus minusve maculas
omnino occupantibus.
Hab. in foliis Dactylidis glomeratae in Wisconsin, 1929.
Rhynchosporium orthosporum sp. nov.
On leaves; spots, 0.5-3.0 cm long, lenticular in shape, coalescing to form irregular
lesions, at first water-soaked, dark olivaceous, later becoming gray surrounded by
a brown margin; conidia 14.4^19.4 X 2.3-4.7 /*, erect, cylindrical, medianly
septate, formed directly on cells of superficial stroma, more or less covering leaf
On Dactylis glomerata L., Whitewater, Wis., May 11, 1929, Caldwell (type);
also from other locations in Wisconsin and from Benton County, Oreg.

Cotype specimens have been deposited in the herbarium of the
University of Wisconsin and in the mycological collections of the
Bureau of Plant Industry, United States Department of Agriculture.
EXCLUDED SPECIES

Davis (8) has made the combination Rhynchosporium alismatis
(Oud.) Davis, placing Septoria alismatis Oud., Aschochyta alismatis
Ell. and Ev., Ramularia alismatis Fautr., and Didymaria aquatica
Starb., occurring on Alisma and Sagittaria, in synonymy with it.
10

SPRAGUE, R.

See footnote 8,
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Through the kindness of Dr. Davis, a fresh specimen of Rhynchosporium alismatis (Oud.) Davis on Alisma plantago-aquatica, collected
by him at Klevensville, Wis., on July 12, 1929, was made available
for study. Freehand and paraffin sections of this specimen show
this fungus to lack the superficial fertile stroma and to bear the conidia
on short flask-shaped conidiophores on the leaf surface (pi. 3, Z>).
Thus, this species does not fall in the division Micronemeae as stated
by Davis (8), The presence of conidiophores together with the lack
of the superficial stroma excludes this species from the genus Rhynchosporium.

FIGURE

3.—Germination in water of culture-grown conidia of barley race of Rhynchosporium seealis: A to B
represent growth stages after 8,12, 24, and 36 hours, respectively.

Thus the genus as here defined includes only the species Rhynchosporium seealis (Oud.) Davis and R, orthosporum sp. no v.
ISOLATION AND CULTURE

Cultures of the scald organism from the several hosts may usually
be obtained by the planting of small pieces of diseased leaf tissue on
potato-dextrose agar after surface sterilization. Surface sterilization
was accomplished by dipping the leaf pieces into 70-percent alcohol
for 20 seconds, removing them to 1 to 1,000 mercuric bichloride
solution for 1 to 2 minutes, and transferring them to agar plates
after washing in sterile water. The fungus grows very slowly and
requires 4 or 5 days to become macroscopically evident. Isolation
during the warm summer months at Madison, Wis., is often difficult
since the lesions are frequently overrun by various other fungi,
predominantly Alternaria spp., which completely suppress the development of Rhynchosporium. When conidia from the host are available, cultures may be secured by pouring suspensions of conidia in
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sterile water over agar plates and draining off the excess moisture.
Isolated germinating spores usually must be located under the microscope and removed to agar slants soon after germination to avoid
contamination.
The conidia of Rhynchosporium secalis and of R, orthosporum germinate upon agar within a 24-hour period. The details of the process,
in the case of R, secalis, have been well described by Heinsen (12). The
upper cell usually germinates first, with the germ tube swelling from
the side of the cell or tip of the beak. The lower cell may then send
out a tube. Either or both cells commonly produce a second tube
after elongation of the first. Conidia germinating in distilled water
are shown in figure 3. In water at 20° C, germination begins within
4 hours. The contents of the conidia, at first quite homogeneous,
become vacuolate preceding germination. On agar, germination is
initiated more tardily and germ tubes elongate more slowly than in
distilled water.
GROWTH RESPONSE UPON DIFFERENT MEDIA

All the races of Rhynchosporium secalis as well as the species R.
orthosporum grow slowly in culture. The most rapid growth, on the
media used, occurred upon potato-dextrose agar. The lye and
barley races of the fungus have been cultured upon a variety of media
including barley and r>^e-leaf-decoction agars, com meal, and corn
meal 1-percent dextrose agars, lima bean agar, oatmeal agar, potato,
potato 1-percent dextrose, and potato 2-percent dextrose agars, 1and 2-percent malt extract agars, and upon sterilized barley stems.
The volume of mycelium and spores produced, within this range of
media, apparently varied directly with the concentration of dextrose
or soluble carbohydrate present. Judging from the conformation of
the conidia, the most nearly normal development occurred on those
media with low sugar content, i. e., com meal, oatmeal, and lima bean
agars, where conidia not unlike those from the host were produced
(fig. 1). Conidia from potato dextrose and malt agars were of
variable shape and appeared to be little more than undifferentiated
terminal or branch cells of the fertile hyphae.
TEMPERATURE AND HUMIDITY RELATIONS
C0NIDIAL GERMINATION AND GERM-TUBE GROWTH

To improve the inoculation technique, an experiment was conducted
to determine the relation of temperature to spore germination and
germ-tube elongation. Conidia of a culture isolated from barley
were washed into sterile distilled water from 7-day-old corn mealagar slant cultures. Drops of the spore suspension were transferred
by a platinum loop to carefully cleaned cover glasses and were inverted
as hanging drops over unsealed glass rings in Petri dishes. The
bottoms of the Petri dishes were moistened with water. A selected
standard-size loop was used to transfer all drops, giving them a uniform size. The hanging-drop, conidial suspensions were then incubated at temperatures ranging from 2°to35°C. At certain intervals
of time 25 spores were selected at random near the periphery of the
drop and the longest germ tube of each spore was measured. Observations were continued for 48 hours. However, after 36 hours
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branching of the germ tubes had become so profuse as to make measurements of germ-tube length unreliable as an index of growth.
Only the germ tubes of conidia near the periphery of the drops were
observed, since germination was more vigorous there. The data
from this experiment are presented in figure 4. These curves show
the minimum temperature for germ-tube growth in distilled water
to lie between 2° and 4°, the optimum between 18° and 21°, with the
maximum between 28° and 30°. The sudden reduction in rate of
growth between 21° and 24° is striking. Similar reactions were
evident in a number of germination trials where no measurements
were made. The same temperature relation was observed in the case
of the conidia from a culture isolated from rye but a more tardy
germination occurred at all temperatures.
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When conidia in water are subjected to temperatures of 30° C. and
above, the contents usually become vacuolate and one or both cells
rupture, extruding their protoplasm into the surrounding liquid.
Some of the spores remain intact at 30° but at higher temperatures
(32° and 35°) practically all of them rupture. As stated above,
conidia in hanging drops were held at the several temperatures for
48 hours. The conidia failing to germinate at 2°, 30°, 32°, and 35°
were then placed in a 20° chamber. The spores formerly held at
2° now promptly germinated. A few of the conidia that had not
ruptured at 30° also germinated. Those held at 32° and 35° were
all dead. Those spores which germinated slowly at 4° were held at
that temperature over a period of several days and were observed
to continue to develop to a degree which would seem sufficient to
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produce infection. This is of interest in view of the fact that the
disease makes very rapid development on barley in the fall when
temperatures are near and below freezing for periods of considerable
duration.
SPORULATION

ON

THE

HOST

The development of scald following artificial inoculation proceeds
normally in the greenhouse during the winter under controlled temperatures ranging from 12° to 24° C. Leaf lesions typical of the disease are produced, but the fungus failed to produce conidia in appreciable numbers on all such lesions examined. It was found that
the limiting factor in conidial production under greenhouse conditions
was apparently the low humidity, for when plants bearing sterile
lesions were placed in a glass-moist chamber of 95-percent humidity
and controlled temperature the lesions became abundantly covered
with conidia, while controls in the open house at the same temperature
failed to fruit.
The production of conidia upon the host also seems to be affected
by temperature. This relation was tested by placing diseased barley
plants, found to be free of conidia, in a series of moist chambers
(approximately 95-percent humidity) held at temperatures of 5°, 10°,
15°, 20°, and 30° C. After a period of 48 hours' exposure to these
temperatures the lesions were examined for conidia. The results,
although not quantitative, were striking. At 5° and 10° numerous
conidia were produced, yet they were relatively few in contrast to the
myriads to be obtained from plants held at 15° and 20°. At 30° no
conidia could be found; however, at this temperature and high humidity the lesions were overrun by various saprophytes which may have
influenced the scald organism. These temperature relations agree
quite closely with those for germ-tube elongation, where the fungus
is wholly inactive at 30° and, although somewhat retarded, effectively
active at 5°.
PHYSIOLOGIC SPECIALIZATION
MATERIAL AND METHODS

The inoculum (conidia and mycelial fragments) for most of the
experiments reported here was secured from cultures of the organism
on potato-dextrose agar slants. Except for one culture mentioned
later, only monosporous cultures were tested. The conidia, which
are formed in masses intermixed with mycelium, cannot readily be
washed from the tubes. Therefore, the fungus mass was removed
from the tubes, crushed to fine fragments with a spatula, then taken
up with water and strained through cheesecloth to remove the larger
fragments of mycelium. The inoculum was sprayed over the plants
with an atomizer and allowed to dry. After drying of the inoculum,
the plants tested in the greenhouse were reatomized with tap water
and placed in a moist chamber held at 100-percent humidity and a
temperature of about 20° C. The foHage was kept continuously wet
for 48 hours, after which the plants were removed to the greenhouse
bench. In some tests conidial inoculum was washed from diseased
host plants. The sources of cultures used in these studies are given
in table 1.
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1.-—Cultures of Rhynchosporium secalis and R. orthosporum tested in crossinoculation studiesj with host source and place of collection

Species and culture
no.

Host source

R. secalis:
Bll
Barley-—
_
B21
do
B31
do
B42..B51
"r"do"i"iiiiy_"'."
B62
do -_ _
B71
._.
do
_
do_ ._
B82
do.
BIO
Hmll
- Hordeum murinum
HjU
H.jubatum
Al3
Agropyron repens
A2
""'do
"""
A41
Br. 14_
Bromus inermis
Br.21..""ido""i:""i:::::
Br. 51
E.c. 13
Ely mus canadensis
E.c. 21
do
E.c. 31
do_
_
R. 11
Rye
do__
R.21
R. 31
do
- _R.41..
R. orthosporum:
Dll
Dactylis glomerata., _.
do
D21

Place of collection

Madison, Wis.
Corvallis, Oreg
Madison, Wis .
do
Corvallis, Oreg
Madison, Wis
Germany
Corvallis, Oreg
Madison, Wis

Date of collection

Collector

October 1926
October 1927
do
December 1928
June 1929
November 1929.__.
March 1931
July 1932

Writer
Do
Do.
H. P. Barss.
Writer.
Do
R. Sprague.
Writer.
H. Klebahn.
R. Sprague.
Writer.
Do.
Do.
Do.
Do.
Do.
Do.
Do,
Do.
Do.
Do.
Do.
Do.
Do.

February 1934
July 1935
October 1928
June 1,929
July 1932
October 1928
May 1929

' Middleton," Wis
Madison, Wis

.TuTifi 1929

"Fort AtklñsonTw'is."""
Madison, Wis-__
do
_...
do

iii-doiii:"""!"""!
do
Whitewater, Wis

October 1928
May 1929 June 1930
October 1926
October 1927
May 1929
May 1930

May 1927
._ May 1929

. ..
-

Do.
Do.

The cross inoculations in the field were conducted similarly. After
spraying the plants with inoculum from cultures they were covered
for a 48-hour period with muslin tents, which were kept moist with a
continuous fine spray of water, after which the tents were removed.
Only seedling plants were tested in the field.
The host plants were inoculated in the greenhouse in various stages
of maturity, ranging from seedling to flowering plants. The degree of
maturity of the plants from the seedhng to the flowering stage apparently has no effect on susceptibility of greenhouse or field-grown plants.
No attempt was made to maintain a definite number of plants of a host
species in the different trials. GeneraUy from three to several plants,
growing in one or more 4-inch pots, represented a host species in each
inoculation series.
Symptoms on barley appear eariier than on the other hosts and are
at maximum development 2 weeks after inoculation. On rye and on
species of AgropyroUy Bromus, Elymus, Dadylis, and Hordeum 3 weeks
or longer may be required for full expression of the disease. Observations for infection were made at approximately weekly intervals, beginning 14 days after inoculation and continuing for 4 weeks.
The cross-inoculation studies have involved each of the host species
from which cultures of the scald organism had been isolated by the
writer as well as other species of the same genera and a number of
species of other genera from which no cultures were available. The
host species from which the cultures used in these studies were isolated
serve to distinguish the physiologic races of the scald organism. Seed
of the host species dealt with in table 2 were collected in the vicinity
of Madison, Wis., or La Fayette, Ind.
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2.—Greenhouse cross-inoculation studies with Rhynchosporium secalis and
R. orthosporum i
RE[YNCHOSPO]^lUM SECALIS
Results on differential hosts

Host^ source of culture Culture^ des- Date of inocuignation
lation

/Bll
B31
B31
_
B31S-._
B42
Barley
-. B62
B71
B71
B82
BIO
BIO
H.m. 11
H. m. ll-_.Hordeum murînum
H. m. 11
H.m. 11
H.j. 11
H.J. 11
Hordeum jubatum
H.J. 11
[H.J. 118
(A 13
A 13
_
A2
_..
Ägropyron repens.
A 2.— _._
A41_..
A 41
A 41
Br. 14
Bromus inermis
Br.21
Br. .«51
E. c. 13
Elymus canadensis... E.c.21_
E.c. 31
E. c. 31_
RU
Rye— R21
R41
_.

Jan. 15,1927
Feb. 23,1929
Apr. 6,1934
May 14,1934
Feb. 14,1929
Mar. 15,1930
Apr. 1,1931
Apr. 10,1934
Mar. 11,1933
Apr. 11,1934
May 18,1934
Apr. 9,1934
Apr. 29,1934
Apr. 17,1935
Feb. 15,1936
May 6,1931
Feb. 27,1933
May 10,1934
May 12,1934
Feb. 25,1929
June 26,1934
Mar. 12,1930
May 2,1931
Jan. 12,1933
Apr. 21,1934
May 19,1934
Mar. 7,1929
Mar, 10,1930
Feb. 18,1932
Mar. 19,1929
Feb. 14,1930
Feb. 24,1932
Feb. 21,1933
1929
Mar. 7,1920
Feb. 28,1931

i I

i

II

II
II II

1^

fell

+
+
+
+

-

_

+
+
+
+
+
+
+
+
+

li
II
-

+

+
+
+
+
+
+

+
+
+

-

+
+
+

......
+
+
+
+

+
+
+

RHYNCHOSPORIUM ORTHOSPORUM
ÍD11.
Dactylis glomerata

JD 11„
ID 21.
ID 21.

Mar.
Apr.
Mar.
Apr.

17,1929
16,1934
17,1930
4,1934

+
_

_

_

—

_

1 Infection is indicated by a plus (+) sign; failure to infect by a minus (—) sign; no test made is indicated
by leaders.
2 All inoculum was produced in potato-dextrose agar culture except as stated in footnotes.
3 All cultures except A 2 were derived from isolated single conidia.
< Oderbrucker barley (Wisconsin Pedigree 6) and Schlanstedt rye were used in tests made during the
period 1927-30 and Oderbrucker (C. 1.182) and Rosen rye during the period 1931-35.
« Inoculum washed from leaves of infected barley.
8 Inoculum washed from leaves of infected Hordeum jubatum.
RESULTS OF CROSS INOCULATION TRIALS

From tables 2 and 3 it is apparent that the cultures of Rhynchosporium secalis tested in this study represent six highly specialized
physiologic races which can be distinguished by their ability to attack
the six hosts rye, barley, Agropyron repens, Bromus inermis, Elymus
canadensis, and Hordeum jubatum.
The race of Rhynchosporium- secalis attacking cultivated barley
(Hordeum vulgäre) is represented here by a total of eight cultures from
the States of Wisconsin and Oregon and one from Germany. In
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these tests this race has been unable to attack any of the species
inoculated except barley. No variation in host specialization occurred among the several cultures of this race. Two of them, however, cultures B71 from Wisconsin and BIO from Germany, produced
symptoms more slowly than the others and fruited sparingly, while
the others fruited abundantly when exposed to high humidities for 24
hours. The culture from H. murinum is apparently the same or a
closely related form, appearing identical in its effect on barley and in
addition attacking H. murinum in two of the four tests conducted.
It is likewise similar to the barley race in culture. Neither the cultures
from barley nor those from H. murinum were able to attack H,
nodosum or H. pusillum. The field inoculation tests with the barley
race are in agreement with the greenhouse tests. The barley varieties
Oderbrucker and Wisconsin Pedigree 39 were susceptible to two cultures of the barley race, while two varieties each of rye, oats, and wheat
were immune.
TABLE

3.—Field cross-inoculation studies with Rhynchosporium secalis
Results with cultures fromBariey

Grain and variety inoculated

B21

Rye
B51

R21

R31

Leaves Leaves Leaves Leaves Leaves Leaves Leaves Leaves
inocu- infected inocu- infected inocu- infected inocu- infected
lated
lated
lated
lated
Number Number Number Number Number Number Number Number
168
63
315
173
159
0
0
279
183
31
110
198
159
0
219
0

Barley:
Oderbrucker
Wisconsin Pedigree
Rye:
Schlanstedt
Rosen
Oats:
Kherson
Swedish Select
Wheat:
Marquis
Turkey

288

0
0

396
330

0
0

210

198
183

0
0

258
174

0
0

192
171

197
240

192
237

0
0

278
357

0
0

231
135

276
246

297

25

418

42

An experiment on overwintering of the scald organism reported
below (table 4) provided another test of specialization of the barley
race. In April and May 1927, barley and rye were exposed in a moist
chamber to dead scald-infected leaves of barley that had lain in the
open during the winter. This exposure resulted in a heavy infection
of the barley and no infection of the rye.
A specific race of Rhynchosporium secalis, as represented by one
culture from Madison, Wis., occurs on Hordeum jubatum. This race
is distinct from that on cultivated barley and H. murinum. It attacked neither of these hosts nor any of the other hosts, here considered as differential species. It is, however, very aggressive in its
attack of H. jubatum. It also attacks H. nodosum and H. pusillum.
A distinct race of Rhynchosporium secalis attacking rye is represented
in these studies by three cultures, all collected near Madison. This
race is able to attack only rye among the differential hosts. No other
host species has been found to be susceptible. The field inoculations
9480—37
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with two cultures of this race showed Schlanstedt and Rosen rye to
be susceptible, while two varieties each of barley, oats, and wheat
were immune.
Agropyron repens is likewise attacked by a distinct specialized race
of the scald fungus. Three cultures, two of which came from the
vicinity of Madison and one from Middle town, Wis., represent the
race. This race also attacks A, tenerum but none of the other differential species.
Three cultures from Elymus canadensis represent a distinct race of
Rhynchosporium secalis attacking E. canadensis but none of the other
differential species. E. virginicus, E. striatus, and Agropyron tenerum
were also infected. This race is the only one studied which was found
to be capable of attacking a host species of a genus other than that
from which it was isolated.
TABLE

4.—Scald infection resulting from contact of seedling barley and rye with dead
overwinteredy scald-infected barley plants
Host plants exposed

Oderbrucker barley..
Schlanstedt rye

Leaves ex-

Number
221
177

Leaves infected
Number
165
0

Percent
74.7
0.0

A separate race of Rhynchosporium secalis is specialized on Bromus
inermis and other species of Bromus. Three cultures from the
vicinity of Madison represent this race. WhiJe failing to attack any
of the differential species other than J?. inermis, this race has produced infection on B. arenarius, B. lanuginosus, B. madritensis, and
B, mllosus.
Two cultures of Rhynchosporium orthosporum, isolated from Dactylis glomerata collected at Madison and "Wliitewater, Wis., have been
tested for pathogenicity on the differential hosts of the six races of
R, secalis (table 2). Like the races of R. secalis, it shows a high degree
of host specificity, being unable to attack any variety inoculated
other than D. glomerata.
A number of additional species reported to be susceptible in Germany by Bartels {1), but from which no cultures were available, have
been included in these inoculation studies with negative results.
This group includes the species Cynosurus cristatus, Holcus lanatus,
Lolium itaiicum, L. perenne, Phleum pratense, and Poa pratensis.
These species proved to be immune to one or more cultures of each
of the races of Rhynchosporium secalis included in this study with the
exception of C. cristatus, which was not tested to the Bromus race.
Bartels (1) also found Agrostis stolonifera to be susceptible, while the
closely related or synonymous species, A. alba, was immune from all
of the races tested in the present work.
CULTURAL CHARACTERS OF PHYSIOLOGIC RACES

One representative culture of each of five physiologic races of
Rhynchosporium secalis and one of R. orthosporum have been compared in Petri dish cultures. Cultures of the race on Hordeum jubatmu
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were not available when this comparison was made. The media used
were potato-dextrose and malt agar containing 1.5 percent of Bacto
agar and 2 percent of dextrose and malt extract, respectively. Each
plate contained 40 cc of the medium. The plates were inoculated in
the centers with approximately equal masses of mycelium from
monosporous cultures of the several races growing on malt agar.
The type of growth upon the two media was similar for any one race,
although all races grew more rapidly on the potato-dextrose agar.
Two general types of growth were to be distinguished among the six
cultures (pi. 4). Rhynchosporium orthosporum and races of R. secalis
from rye, Bromus inermis, and Elymus canadensis grew out from the
inoculum center in a uniform radial manner, while races from barley
and Agropyron repens heaped up to form irregular masses of mycelium
and conidia. Differences in pigmentation were marked between the
several races. The colonies of the barley race soon darkened and
within 2 weeks were almost black. The race from A, repens was
quite similar to that from barley but retained a light-pink cast.
Colonies of the races from E, canadensis and rye remained light in
color, while the colony from B. inermis became brown and produced
a brown pigment which stained the medium about the colony. R.
orthosporum soon developed a very dark pigment. These characters
are relatively constant for each race as described and appeared in all
isolations obtained.
Differences in abundance of fructification are marked and constant
between certain races, but this character may vary in different cultures
of other races. In the variable races a culture may change from
fruitfulness to near sterility or the reverse. The barley race is uniformly highly conidial and has never deviated from this character.
Cultures of the Agropyron race were similar in this respect although
somewhat less fruitful. The race from rye is distinguished by the
production of very few conidia in all cultures obtained. The races
from Elymus canadensis and Bromus inermis are notable for their
variability, some cultures producing abundant conidia and others
none. Furthermore, a fruitful culture of these races may change to
almost complete sterility. Attempts to influence fruitfulness in cultures by variations in nutrients and pH of media, temperature, and
light have been unsuccessful.
MORPHOLOGY OP CONIDIA OF PHYSIOLOGIC RACES

A comparative study has been made of the shape and size of the
conidia of six physiologic races of Rhynchosporium secalis and of R,
orthosporum as produced upon the host in nature and in culture.
Fifty conidia of each race from the host, and the same number from
7- to 10-day-old, simultaneously grown, corn meal agar cultures, were
measured and morphologically compared. Only mature conidia
were considered, clearly evident septation being the criterion of
maturity.
The conidia of the several races from the hosts proved to have no
distinguishing features either in shape or size (table 5 and fig. 1).
Thus Rhynchosporium secalis is a relatively homogeneous species as
far as conidia from the hosts are concerned.
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5.—Measurements of conidia from host plants and cultures of races of Rhynchosporium secalis and of R. orthosporum'^^
Length

Species of fungus and hosts
from which conidia and
cultures were obtained

Maximum

1
E. secalis:
Agropyron r evens
Bromus inermis
Ely mus canadensis
Hordeum jubatum
Barley
Rye
R. orthosporum:
Dactylis glo mer ata

M

18.9
18.4
18.0
19.8
21.6
19.8

Ü

Minimum

S

ö
O

Diameter

MeaniS.E.

1

M

16.2 11.7 9.7 15.0±0. 28
21.6 13.0 16.7 16.9± . 24
18.0 12.1 12.6 15.1± . 32
16.3d= . 04
12.6
2Í."6 12.6 Í3.'5 15.8± . 21
17.3 10.8 9.0 16.4± . 27

1
Ü

Maximum

Minimum

1

3

1 o9

M

M

MeandzS.E.

2?

M

13. 2±0. 28 3.6
18. 3± . 17 4.7
14. 2rb . 24 5.4
3.6
17.1± .28 3.8
12. 7± . 05 3.6

Ü

o

m

Q

M

4.7 2.2 2.5 2. 7±0.07
4.9 2.9 2.7 4.0± . 07
3.8 2.7 1.4 3.9± . 02
2.7
2.9± .08
"¡.'9 2.7 "2."6 3.3± . 05
5.4 2.3 3.1 2.8± . 11

3.8±0.10
3. 5± . 06
3.1± . 15
3. 2± . 08
4.1± . 16

19.4 19.8 14.4 11.7 16.9± . 18 16.0— . 28 4.7 4.3 2.3 2.5 3.0± . 03 3.1± . 16

I Measurements were of 50 spore samples of conidia from both host and cultures. Conidia were produced
in corn meal-agar cultures 6 to 10 days old.

This was not true, however, of conidia from culture among which
marked and consistent differences between some races were evident.
Thus the mean lengths of conidia of the barley and Bromus inermis
races were IT.l/x and 18.3/x, respectively, while those of the Agropyron
repens and rye races were 13.2jit and 12.7At, respectively. The situation
is reversed relative to diameter, those of the rye and A. repens races
exceeding those of the barley and B, inermis races.
DISCUSSION OF PHYSIOLOGIC SPECIALIZATION

Two workers in Germany have published the results of crossinoculation étudies with Rhynchosporium secalis, indicating that
collections of this organism from several host species in Germany display no differences in host specialization. Heinsen (12) sprayed
barley, rye, wheat, and oats with a conidial suspension of R, secalis
both in the field and greenhouse and obtained heavy infection of barley
and rye, light infection of wheat, and no infection of oats. The source
of his conidia was not given. Therefore one cannot be certain that
he was not dealing with a mixture of races. He reports, however,
one apparent case of spread of scald from rye to barley in field plots.
Bartels (1) conducted cross inoculations involving conidial inoculum
taken directly from barley, rye, Hordeum murinum, and Lolium
perenncj with which he inoculated the cereal hosts barley, rye, wheat,
and oats, and grass hosts of the genera Agropyron, Agrostis, Bromus,
Cynosurus, Hordeum, Lolium, Holcus, and Phleum, In addition,
conidial inoculum from an agar culture, isolated from Holcus lanatus,
was tested. He reported successful transmission of the disease from
each of these conidial sources to each of the hosts tested, from which
he concluded, therefore, that there were no specialized races of R,
secalis. Brooks (2), in England, has stated that R. secalis on "wild
grasses^' "undoubtedly may be a source of infection to crop plants.''
A suggestion of nonspecialization in Oregon has been given by Barss "
in a report that scald was more severe on rye following barley in the
rotation than when following other crops,
II See footnote 6.
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The writer^s observations of scald in the field lead to the conclusion
that very restricted host specialization exists in the species Rhynchosporium secalis. The following field records provide evidence.
June 6, 1928, Madison, Agropyron repens in a field of severely infected rye was
uninfected; Bromus inermis in a patch of severely infected A. repens was uninf ected, while at a distance of about a mile B. inermis was severely infected; Hordeum
jubatum was uninfected although growing intermixed with infected B. inermis.
June 21, 1928, Madison, wheat plots adjacent to severely infected barley plots
were uninfected. (Wheat has been reported to be susceptible once in Germany
and once in Washington.)
July 7, 1930, Madison, abundant Agropyron repens and timothy growing in a
severely scald-infected barley plot were uninfected. (Timothy has been reported
to be susceptible in Germany.)

There appears to be no explanation of the extreme diversity between the results of Bartels (1) and Heinsen (12) in Germany and
those of the writer. Only one culture of the scald fungus from Germany has been studied by the writer. This was Secured from the
Central-Bureau Voor Schimmelcultures with the statement by Prof.
Joha. Westerdijk that it is *^one of the strains with which Bartels
worked.'' In the writer's test this strain, designated BIO, appeared
to be specialized, producing infection only on cultivated barley (table
2). It differs in pathogenicity from most of the American cultures
of the barley race only in producing symptoms on the host more
slowly and sporulating less abundantly. However, one American
culture, B71, behaved similarly. In culture the Bartels strain failed
to produce the characteristic black pigment in old cultures as do those
from North America.
The only apparent difference in the technique used in the crossinoculation tests of Bartels and those of the writer is that the former
worked mainly with host-borne conidia while the latter mainly used
conidia from culture. However, in one case, Bartels reported working with inoculum from a culture isolated from Holcus lanatus, and
finding the plurivorous relation as with host conidia from other
species. On the other hand, the writer, in one inoculation trial each
with the Hordeum jubatum and barley races, used host-borne conidia
and found the same specialized condition as determined with inoculum
from culture. Likewise inoculum from overwintered, naturally infected barley failed to attack rye, although it heavily infected barley.
Thus the source of inoculum, i. e., from culture or host plant, did not
affect the results of either Bartels or of the writer and will not serve as
an explanation of their diverse results. Only the further exchange of
cultures can clear up the apparently anomalous situation of extreme
host specialization of a species in North America and the absence of
specialization in Europe.
LIFE mSTORY
SEASONAL CYCLE OF OCCURRENCE

Scald becomes evident in early spring on cereals and grasses in
the North Central States as soon as the first green foliage appears.
With favorable conditions for development, the disease becomes
progressively more prevalent on barley and rye until ripening of the
crop. In the fall, volunteer barley plants may be heavily infected.
The same general cycle occurs on the grasses, the disease developing
abundantly in spring and fall and but little during the high temperatures of July and August.
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OVERWINTERING

The means of overwintering of Rhynchosporium secalis in the
Northern States has not been known. It has been stated (!) that
the organism passes the winter in an active state upon winter grains,
which might account for the overwintering of the rye race and races
on perennial grasses but not that of the barley race in the spring
barley region. Heinsen (JÍ^) reported the scald fungus to be capable
of saprophytic development in the soil in the greenhouse wherein its
viabiUty was maintained for a 15-month period, after which seedlings
grown in the infested soil developed the disease. Bartels (Jf) also
found the organism to grow in soil and persist there for a period of 6
months. The writer has been unable to detect growth of the organism on greenhouse compost soil when inoculated with a suspension of
conidia and mycelium of the barley race or to secure infection of
barley grown in^uch soil.
The possibility of overwintering and spread of scald in or on the
seed was investigated in 1931 by an extensive sowing of barley seed
from a severely infected field, upon soil where no scald was known to
have occurred. The seed was of Wisconsin Pedigree 6 barley, produced
at Madison in 1930 on severely scald-infected plants. The planting
was made at La Fayette, Ind., in April 1931. No scald appeared in
this planting.
Definite evidence of overwintering of Rhynchosporium secalis upon
dead volunteer barley plants in the field has been secured by the
writer at Madison. During the winters of 1926-27 and 1927-28,
examination of dead infected leaves at regular intervals failed to
demonstrate the survival of conidia until spring. During April and
May 1927, however, the exposure of young barley seedlings as they
emerged from the soil to such infected barley plant refuse resulted in
heavy infection (table 4). The seedlings were kept in a high-humidity
chamber and frequently sprayed with water during this exposure to
the plant refuse. Thus, abundant viable inoculum was present on the
overwintered plant refuse even though no conidia could be found
previous to the inoculation trial.
In April 1929, dead, scald-infected barley plants that had been kept
in the open field during the winter were found to bear abundant
conidia after being exposed to room temperature and high atmospheric
humidity for a few days. It appears probable that overwintering is
accompUshed by the fertile stroma of the scald fungus which resumes
the production of conidia when warm temperatures return in the spring.
The observations and culture studies of other workers and the
writer have failed to demonstrate the existence of a perfect stage which
might serve as a spring source of inoculum.
SUMMARY AND CONCLUSIONS

Scald caused by Rhynchosporium spp. attacks primarily the leaf
blades and to a lesser extent the leaf sheaths of barley, rye, and a
number of grasses in the United States. The symptoms of the disease
are the appearance of darkened water-soaked leaf spots, usually of
lenticular shape followed by a drying and bleaching of the lesions
which develop typical dark-brown margins. The simultaneous occurrence of many water-soaked areas covered by a gray subcuticular
mycelium produces the appearance of scalding.
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Scald is widespread in Europe and North America and has been
reported from Tunis, Argentina, Peru, and Australia, The disease is
often of httle economic importance but is severe in the Pacific Coast
States where estimated losses have amounted to from 20 to 30 percent.
An emended description of the genus Rhynchosporium has been
presented, based upon the distinctive fertile stroma and manner of
sporulation of the type species, R, secalis (Oud.) Davis. The valid
binomial of the scald fungus occurring on barley, rye, and a number of
grasses is R. secalis (Oud.) Davis.
Scald of Dactylis glomerata L. is caused by a fungus species that
is definitely a member of the genus Rhynchosporium but has cylindrical
conidia, which differentiate it from R. secalis, which has apically beaked
conidia. The new species on D. glomerata has been described here as
R. orthosporum sp. nov.
At present Rhynchosporium secalis and R. orthosporum are the only
legitimate species in the genus Rhynchosporium as here defined. R.
alismatis (Oud.) Davis, occurring on Sagittaria and Alisma, is excluded
from the genus Rhynchosporium since its conidia are borne on flaskshaped conidiophores and it lacks the characteristic fertile stroma of
this genus.
A high degree of host specialization has been found within the species,
Rhynchosporium secalis. Six specialized races were found which can
be distinguished by their capacity or incapacity to parasitize the
host plants, namely, Sécale céréale (rye), Hordeum vulgäre (barley),
Agropyron repens, Bromus inermis, Elymus canadensis, and H. jubatum
in greenhouse and field inoculations. The existence of specialized
races also is evidenced in the natural occurrence of this fungus in the
field. Each race has displayed some constant and distinctive characters in artificial culture.
The conidia of the different races of Rhynchosporium secalis
produced upon the hosts showed no important morphologic differences,
while in culture distinct and constant differences between certain
races were evident both in form of conidia and cultural characters.
Conidial germination proceeds readily in distilled water, occurring
within the temperature range 4° to 28° C. The optimum temperature
for germ-tube elongation lies between 18"^ and 21°. In distilled water,
at and above a temperature of 30°, the conidia rupture and extrude
the cytoplasm into the surrounding medium.
Fructification of the fungus is inhibited at the low relative humidities
afforded by the greenhouse in winter, but occurs abundantly at high
humidities.
Parasitism of barley by Rhynchosporium secalis is initiated by direct
penetration of the leaf cuticle from appressoria, the mycelium establishing itself and making its initial development in the subcuticular position.
The enlargement of the infected area is accomplished by spread of
the subcuticular mycelium. The epidermal cells collapse under the
subcuticular mycelium being the first tissue to show the effects of
the disease. Following epidermal collapse, the mycelium repeatedly
penetrates from the subcuticular position into an intercellular position
within the mesophyll, causing almost immediate collapse of that tissue.
Relatively sparse development of mycelium occurs in the mesophyll
tissue.
The subcuticular mycelium proliferates and enlarges, pushing the
cuticle away from the epidermal wall, to form a fertile stroma, from

198

Journal of Agricultural Research

voi. 55, no. 3

one to several cells in thickness, on the lesion surface. Fructification
follows on the fertile stroma, covering the collapsed area of the lesion.
Conidia are borne directly on the sides of the cells of fertile stroma
on the surface of the lesion.
The barley race has been shown to overwinter in Wisconsin on
dead tissues of plants infected during the previous season.
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