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A CYTOLOGICAL STUDY OF PUCCINIA GLUMARUM ON
BROMUS MARGINATUS AND TRITICUM VULGÄRE '
By RUTH F. ALLEN 2
Associate Pathologist, Office of Cereal Crops and Diseases, Bureau of Plant Industry, United States Department of Agriculture, and Associate in Agronomy,
Agricultural Experiment Station, University of California
INTRODUCTION

Stripe rust, Puccinia glumarum (Schm.) Eriks, and Henn., was
discovered in America in 1915, and a series of investigations of the
rust have been carried on here since that date. Humphrey, Himgerford, and Johnson {2SY published in 1924 an account of its discovery in America, its geographic range and host range, its relations
to climate, and its economic importance. Himgerford {24) recorded
data on overwintering and oversummering, viability of spores, and
experiments proving that the disease "is not transmitted from one
wheat crop to the next by means of infected seed wheat.'' Hungerford and Owens {25) in 1923 carried on extensive inoculations of
P. glumarum on grasses and grains, particularly wheat, to determine
the host range and physiologic forms of the rust and also to determine degrees of susceptibility and resistance in the hosts. The present paper adds to these investigations of stripe rust in America a
cytological study of the uredinial and telial stages.
In ''Die Getreideroste'' in 1896, Eriksson and Henning (;^0) recounted their experiments which led to the division of Puccinia
rubigo-vera (DC.) Wint. into several species, one of which was P.
glumarum. This accoimt included a description of P. glumarum
with details of uredinia and telia on leaves, stems, heads, and seed
of wheat. They found several distinct physiologic forms of the
rust on different grains and grasses.
The mode of overwintering of the rust was obscure. The teliospores could germinate either in the fall or in the following spring.
No aecial host was discovered, and the authors doubted the existence
of an alternate host. Attempts to infect wheat with sporidia failed,
but the authors did not consider the possibility excluded. Stripe
rust is very resistant to cold, but its winter survival in Sweden by
either urediniospores or uredinio-mycehum on young wheat plants
was too rare to explain the sudden and widespread outbreaks of rust
in the spring. Moreover, they found the germination of uredinio1 Received for publication Nov. 29, 1927; issued May, 1928. Cooperative investigations, Agricultural
Experiment Station of the University of California, and Ofläce of Cereal Crops and Diseases. Bureau of
Plant Industry, U. S. Department of Agriculture.
2 Acknowledgments are made to C. R. Ball and H. B. Humphrey for careful reading of this manuscript;
to C. W. Hungerford, V. H. Floreil, and P. B. Kennedy for seed and spores; and to the members of the
divisions of Agronomy and Genetics of the University of California for courtesies extended during the
work.
3 Reference is made by number (italic) to "Literature cited," p. 611.
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spores to be poor and capricious (^4aunenhaft'0> and believed that
the spread of the rust from any one infection center was very limited.
This led them to suggest the possibility of dormant mycelium in the
seed as a means of overwintering and an explanation of the outbreaks
of rust in the spring.
In pursuance of this idea, Eriksson (14, 15) grew grain from rusted
seed in small glass cases to prevent infection from without. Notwithstanding this, stripe rust appeared on the inclosed plants. No
mycelium was found in very yoimg seedlings, however, and Eriksson
concluded that the ''Krankheitsstoif" must be hidden and latent in
the host cells in the form of an intimate symbiotic mixture of fungous
and host protoplasm which he called ''Mycoplasma.'' Only when
outer conditions—soil and weather—were favorable did the fungous
plasm separate itself from the host protoplasm, leave the host cells,
and form ordinary intercellular mycelium.
Drawings representing the corpuscles of fungous plasm ready to
leave the host cells were published in 1902 {16). These were followed
by a series of illustrated cytological studies {17) giving details of the
"dickem Plasma" in host cells near the borders of infections; of the
swelling and dissolution of the host nucleus due to the fungus; the
formation of '^Plasmanucleoli'^ of fungous matter; the emptying of
these nucleoli into intercellular spaces through fine tubes, giving rise
to irregular masses of fungous plasm without septa and without
nuclei; and finally of the formation of ordinary hyphae from these
formless intercellular masses. The hyphae figured are coarse, multinucleate, and nonseptate.
Eriksson's mycoplasm hypothesis gained little support, but he
reiterated his faith in it in 1905 {18) and again in 1921 {19).
Much of the later cytological work on stripe rust centered on the
question of mycoplasm. In 1900 Klebahn {28) noted that the striperust hyphae are few and coarse and multinucleate and can be traced
along the length of the leaf for considerable distances. Near a
uredinium the hyphae have more cross walls and fewer nuclei. He
figured and described the haustoria and surmised that they were the
'^special corpuscles" or ''Plasmanucleoli" forming the basis of
Eriksson's mycoplasm hypothesis. In 1904 Klebahn {29) published
figures of stripe rust showing host cells filled with '^dickem Plasma"
and containing numerous fungous nuclei and also a rust hypha containing a host nucleus. He regarded these, however, as artifacts
(" Kunstproducte ") and continued skeptical of the mycoplasm theory.
Ward, in England, was an able antagonist of the mycoplasm hypothesis. In 1903 {37) he published a cytological study of the uredinial
generation, using principally Puccinia dispersa, and traced the development through from the germination of the spore. Ward contended,
and correctly, that Eriksson's "corpuscles spéciaux" were haustoria
and that Eriksson reversed the order of events in stating that they
form in the host cell from the hypothetical mycoplasm and then
move out into intercellular spaces to form hyphae.
In 1905 Ward {38) again discussed mycoplasm, reporting experiments to show the great longevity of urediniospores, their broad distribution by wind, the conditions governing their germination, and
the probability of their overwintering. He described the germ tube,
the multinucleate substomatal vesicle, and the large, multinucleate,
nonseptate hyphae of Puccinia glumarum. He found no evidence of
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the procedure described by Eriksson. The appearances of P. glumarum
on a resistant wheat and on a susceptible wheat deprived of carbon
dioxide are similar. In both, the hyphae soon become smaller and
starved looking, their nuclei become indistinct, haustoria are rare,
and host cells collapse and stain red.
Marryat (31) in 1907 studied cytologically the development of
Puccinia glumarum on susceptible and immune varieties of wheat.
On the susceptible host the germ tube enters without forming an
appressorium. The vesicle has two nuclei and the stout infecting
hypha four. Later hyphae are large and multinucleate, and haustoria
are small and globular. About the tenth day '' the nuclei now arrange
themselves in pairs along the length of the hyphae which become
divided up by septa.^' Spores are binucleate and are produced in
abundance. On a resistant host entry is similar, but the contents of
the hyphae soon become watery and then die, staining deep red.
Haustoria are rare and minute, and host tissues die.
Pole Evans (21) in 1907, working in Ward's laboratory, found in
Puccinia glumarum a cylindrical, multinucleate, substomatal vesicle
which forms at one end a single infecting hypha. The appressorium
was mentioned but not figured. The short branches of the mycelium
are frequently septate, and the long branches are vacuolated, rarely
septate, and apparently do not form haustoria. Long hyphae will grow
12 mm., then branch at the apex and start a new uredinium. Haustoria may be simple or branched and often contain as many as five
nuclei. After a haustorium has formed from the tip of a hypha, a
transverse septum makes its appearance and cuts off the tip. Later,
many nuclei of the hyphae degenerate, and hyphae become very thin.
Septation occurs the day before spore formation.
Lindfors (30) in 1924 studied cytologically plants bearing the first
outbreak of rust in the spring and also later infections. The two
were essentially alike; he found no evidence of mycoplasm. The
binucleate spore forms a germ tube with two nuclei. The vesicle
is thick walled and pushes out divergent infecting hyphae. Later,
hyphae shape themselves to the space they occupy and are thin
walled and multinucleate. Still later, long runners develop with
septum formation at the branches. Then follows septation into
binucleate cells, accompanied by degeneration of some of the nuclei.
As reproduction begins, the nuclei of the mycelium become faint and
the cytoplasm scant. The m^^celium is to be considered as binucleate
in principle because it returns to the binucleate condition during
reproduction.
From the foregoing, it is evident that the cytological studies of
stripe rust have been fragmentary and frequently at variance.
Eriksson's experiment of growing rusted plants from rusted seed in
closed glass cages excited widespread interest. The experiments
were repeated in Germany by Klebahn (27), in England by Massée
(32)y in Austria by Zukal (40), and in America by BoUey (11), and
later by Hungerford (24), with uniformly negative results. The
plants from rusted seed, grown in rust-proof cages, remained rust free.
Beauverie (6) in 1914 found that spores of Puccinia glumarum in
seeds remained viable until February, and he considered it possible
that the rust overwintered by this means.
During this time, however, evidence was accumulating throughout
Europe that stripe rust can overwinter as hibernating mycelium in
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leaves of grain and grasses. Spore production stops during cold
weather, but, if the host survives, the mycelium produces fresh spores
in the spring. This evidence was compiled by Henning in 1919 (22),
Attempts have been made to determine differences in chemical
composition between varieties of wheat resistant and those susceptible to stripe rust. Henning and Bygden (22) in 1919 determined
the acid and sugar content of several wheat varieties. No correlation was observed between either acid or sugar content and resistance. The most susceptible varieties had an exceptionally high
sugar content, but so did Thule wheat, which was resistant. Arrhenius (5) in 1924 found no connection between the titration acidity
and resistance to yellow rust.
Biff en (9 y 10) made crosses between varieties of wheat immune from
yellow rust and varieties susceptible to it. The Fi generation was
susceptible. The F2 consisted of three susceptible to one immune.
The immune plants bred true in succeeding generations. The others
presented considerable range in susceptibility, but not more than
would be accounted for by differences in manuring. In the F3 they
showed again a 3-to-l ratio. Rust resistance was considered due
to a single factor, inherited independently of all the morphological
characters studied. Brooks (12) in 1Ö21 and Armstrong (4) in 1922
were in substantial agreement with this.
Nilsson-Ehle (33)^ on the contrary, found transgressive segregation
when varieties of different rust resistance were crossed and even when
varieties of equal rust resistance were crossed, and he believed that
several independent factors were concerned in producing the results.
Pesóla (34) also found evidence of more than one factor, and suggested
that the varying results of investigators in different countries might
be due to their working with different forms of the rust. Substantial
progress in breeding rust-resistant varieties has been made by Biffen
in England, Nilsson-Ehle in Sweden, Pesóla in Finland, and others.
MATERIAL AND METHODS

Spores of stripe rust and seed of Jenkin club wheat were obtained
from C. W. Hungerford, of Moscow, Idaho. Plants were grown and
infected, and material fixed.
Later, stripe rust was found growing on Bromus marginatus Nees
(E. 25, T. O. 780) in the grass garden in Berkeley, Calif», in the summer of 1926. The stripe rust was dormant, although another rust
on the same plants was growing actively. When the fall rains came
the stripe rust renewed its growth and the fresh spores were transferred to seedlings of B, marginatus. Transfer to several varieties
of wheat showed that it made normal growth. The rust probably
was Puccinia glumarum tritici.
In inoculating, rain water was used for spraying the plants. Neither
tap water nor distilled water produced good results. The plants were
kept in a moist chamber for 48 hours after inoculation, then placed
under cheesecloth cages in greenhouse and field. The highest greenhouse temperatures of summer (90°-105° F.) proved fatal to the
rust, although the hosts survived.
Bromus marginatus has proved a favorable host for culturing the
rust, as the individual leaves are long lived, and a single infection
can live and continue growth for five, six, and even seven weeks.
Chains of uredinia reach a length of 10 and 11 cm. If the plants are
kept well watered, fresh spores are always available.
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In the spring of 1926, stripe rust appeared in the wheat plots at
Davis, CaUf. Material was fixed on April 22. At this time several
rows in the identification nursery were heavily infected, and scattered infections had appeared at a number of other points in the
field. Material was fixed from row 162 (C. I. 7554, a wheat from
Scotland), row 163 (C. I. 7555-1, a wheat from India), row 165 (like
163), row 166 (C. I. 7556, a wheat from Algeria), and White Federation (C. I. 4981). Later on. May 14, 1926, telia on these same hosts
were fixed. It was interesting to observe that although the rust
had been growing and spreading vigorously when seen in April, it
had made no further headway by the middle of May. The hotter,
drier weather of May had checked its spread. Other wheat rusts,
on the contrary, were increasing rapidly at the later date. Beauverie
(7) made similar observations on stripe rust in France. The temperature range of stripe rust appears to be distinctly lower than that
of the other wheat rusts.
Material was fixed in the chrom-acetic-urea mixtures and in
Flemming^s medium and weak solutions. It was washed and dehydrated by the usual methods, embedded in 50° paraflin, and the
sections were cut lOjit thick and were usually stained in the triple
stain. Hanging drop cultures of germinating spores were fixed over
fumes of osmic acid, stained, and mounted in balsam.
INVESTIGATIONS
The urediniospores of Puccinia glumarum are bright yellow in
color. Under the microscope the color is found to be in the cell contents. The wall is colorless. When mounted dry the spore wall is
seen to be minutely echinulate. The average size is 22.5jLt by \7AyL.
In water, the spores swell in a few seconds, becoming more nearly
globular as they enlarge, averaging 29.5jLt by 27.1/¿. The stretched
walls are thinner, of course, and are under considerable tension.
Under slight mechanical pressure the spores burst and the empty
walls contract, but not quite to the original size, at least not while
remaining in water. They now average 24.6/x by 19.8/x.
In the spore wall are scattered germ pores. They range from 10
to 16 in a spore, and the average of 20 is 13.5. These are obscure in
the living material but are readily brought out by staining. They
are clearest in germinated spores whose contents have passed out into
the germ tube. (PI. 1, A, B, C.) In a preparation stained with
gentian violet (pi. 1, B) the germ pores appear as small lighterstained circles. When stained with safranin (pi. 1, C, a, &) each
pore has a darker staining center. In edge view (pi. 1, D, a, 6, c)
the germ pores appear as thickened pads of light-staining material.
The yellow color of the spore contents is lost in fixed and sectioned
material, and if the spore wall has not been too heavily stained the
contents of the spore can be made out. (PI. 1, D.) These consist of
rich cytoplasm and usually two nuclei.
SPORE GERMINATION

Under favorable conditions the spores germinate in a few hours.
On the leaf, where moisture conditions are not uniform, some spores
may germinate at once, others not until several days after inoculation.
The germ tubes follow closely the irregularities of the leaf surface,
and in sectioned material it is seldom possible to follow a single germ
tube for any distance. The growing tip of such a tube is seen in
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Plate 1, E. It is uneven in thickness and somewhat swollen near
the tip, 6, where two nuclei lie close together.
In a hanging drop culture 1 day old, fixed and stained, the process
of germination can be traced. An early stage is drawn in Plate 1, A.
From one of the germ pores, a, the tube, &, issued. It is filled with
dense, alveolar cytoplasm throughout its length. No nuclei are
visible; they probably are still within the spore wall. A slightly
longer germ tube is represented in Plate 1, B. The spore and the
proximal part of the germ tube are nearly empty. At the growing
tip, 6, the cytoplasm is dense, and back of it at a is a pair of nuclei.
The great majority of the germ tubes in one-day hanging drop
cultures are much longer than this. The average of 10 which were
measured is 980/^. The maximum is l,428At. In these longer tubes
the basal portion (pi. 1, C) is empty, and practically all of the protoplasm is concentrated at the tip (pi. 1, F, G). Usually only one
pair of nuclei is to be seen (pi. 1, F, a), but more rarely two pairs
occur (pi. 1, G, a, 6).
On the leaf, the germ tubes grow directly to the stomata. No
well-marked appressorium, such as occurs regularly in the stem and
leaf rusts of wheat, has been seen in stripe rust. On reaching the
stoma, the germ tube swells slightly. (PL 2, A, a.) This occurs in
material fixed one day after inocidation. The cytoplasm is dense
at the tip and thins out gradually farther back, as would be the case
in the germ tube before it reached the stoma. No septum has formed
to isolate a terminal cell.
ENTRANCE OF THE FUNGUS

Entry of the fungus is usually very prompt, but even when it is
delayed the fungous plasm does not roimd up into a cushion over the
stoma. In Plate 1, H, from material fixed three days after inoculation, is represented a somewhat oblique section through a stoma,
cutting through the end of a guard cell at a, and an accessory cell
of the stoma at &. Several germ tubes have reached the stoma and,
having failed to enter, have twisted about on its surface. No true
appressoria have formed.
In a previQus study of leaf rust (Puccinia triticina) (3), it was
found that in a small percentage of cases where several germ tubes
reached the same stoma the appressoria formed there might fuse, or
might enter separately and fuse after entry. No conclusive evidence
of a similar process has been seen in stripe rust, although some of the
material suggests it. In Plate 1, I, is shown a surface view of a
stoma on which three germ tubes, a, l, and c, converged at d where
entry is in progress. The central fungous mass at d is apparently
continuous, but the dark-stained guard cell walls imderneath make
it difficult to be sure of this. If fusion occurs it is rare, in this material
EXPLANATORY LEGEND FOR PLATE 1
A.—Hanging drop culture. The spore, o, has formed a short germ tube, &. Germ pores distinct. X 730.
B.—Later stage of germination. The germ'pores, c, d, show clearly on the empty spore. The cytoplasm
of the germ tube is densest at the tip, b. Two nuclei at a. X 730.
C—Still later. Spore and basal part of tube empty. Germ pores at a and &. X 730.
D.—Spore showing contents—two nuclei and cytoplasm. Germ pores, a, &, c, distinct. X 1130.
E .—Tip of germ tube on leaf showing pair of nuclei, h, and vacuolate cytoplasm farther back at a. X 730.
F .—Tip of old germ tube from hanging drop culture. Two nuclei at a. Basal part nearly empty. X 730.
G.—Similar. Two pairs of nuclei, a and b. X 730.
H.—Three days after inoculation of Bromus marginatus. Germ tubes reached stoma but failed to enter.
Portion of guard cell at a, and accessory cell at &. No appressoria formed. X 730.
I.—Four days after inoculation on B. marginatus. Three germ tubes, a, b, c, converged at the stoma at d
and are entering, apparently as one mass. X 730.
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at least. Ordinarily when several germ tubes reach the same stoma
they remain separate. In Plate 2, B (drawn in outline only), the three
germ tubes, a, &, c, are distinct.
Entry takes place immediately if conditions permit. There is
ordinarily no pause at the stoma. In Plate 2, C, drawn from material
fixed only 16 hours after inoculation, entry has begun. It usually
takes place, as in this case, at one end of the stomatal slit. The germ
tube reached the stoma at 6, spread slightly along the crack between
the guard cells (only one of which is drawn), pushed through, and is
swelling out into a rounded vesicle at c, on the inner surface of the
stoma. The bulk of the protoplasm is still outside in the germ tube,
a, 6, where the contents are relatively dense.
In the example just described, the germ tube spreads somewhat
along the stoma before entering, but this is not essential. The
unmodified tip of the germ tube can enter directly, merely becoming
somewhat flattened as it passes through the narrow slit.
Here, too, no septum can be seen in the germ tube. (PI. 2, C.) It
may be just this lack of a delimiting wall which prevents the formation of the large rounded appressorial cushion typical of other rusts.
A little later, however, when entry is completed, a septum occasionally
may be seen. (PI. 4, A,/.) It is not uniformly present.
FORMATION OF INITIAL HYPHA AND HAUSTORIUM

Plate 2, A, is drawn from material fixed 24 hours after inoculation.
Two germ tubes reached this stoma. The one, a, already mentioned,
came last. Another arrived earlier and has entered. An empty
withered germ tube, 6, is all that remains of it outside the stoma.
Inside are the substomatal vesicle, c, and a short hypha, d, swollen
at the tip, 6, in preparation for the formation of a haustorium. The
cytoplasm is rather thin and the turgor low. Nuclear divisions have
evidently occurred, for there are now 10 or 12 small nuclei.
In the case just described, a single hypha formed from the substomatal vesicle. More commonly there are two or three. As they
extend in divergent directions, only a fraction of the whole occurs in
any one section. In Plate 2, D, drawn also from one-day material,
the partly evacuated vesicle, a, gave rise to two hyphae, one at e,
which has formed a haustorium mother cell, 6, and the beginning of a
haustorium at c. The base of a second hypha is at d, the rest having
been cut off in sectioning.
Another view of this stage is drawn in Plate 2, E, which is a detail
from a cross section of a leaf fixed 24 hours after inoculation. Underneath the cross section of the stoma, a, is the large substomatal air
chamber bounded by mesophyll tissue. In this air space is the end
EXPLANATORY LEGEND FOR PLATE 2
Infections on Bromus marginatus
A.—One-day infection. One germ tube, a, has just reached the stoma. The second, b, is empty, the
contents having entered to form the substomatal vesicle, c, which in turn has formed a short infection hypha,
d, terminated by a haustorium mother cell, e. X 730.
B.—Sixteen hours after inoculation. Three germ tubes, a, h, c, (outline only) reached the same stoma.
No appressoria formed, and there is no fusion. X 730.
C—Early stage of entry. The germ tube, a, reached the stoma at &, and is passing through to form the
vesicle, c. X 730.
D.—One-day infection. The substomatal vesicle, a, pushed out two hyphae; one at d, sectioned, and a
second, c, which has formed the haustorium mother cell, &, and the beginning of a haustorium c. X 730.
E.—One-day infection. Cross section showing stoma, a, end of vesicle, b, two infecting hyphae, c and d,
terminating in haustorium mother cells, / and g. A third infecting hypha, e, was cut in sectioning. X 730.
Y .—Two-day infection. Enlarging substomatal vesicle at a. Empty haustorium mother cell, b, and end
of haustorium, c, accompanied by host nucleus, d. Hypha swelling at e. X 730.
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of the substomatal vesicle, h (the body of which is in an adjoining
section), and two hyphae, c and á, each terminating in a haustorium
mother cell at / and ^, respectively. At e is the stub of a third
infecting hypha, cut off in sectioning. Each of the haustorium
mother cells is delimited by a septum and contains cytoplasm and
two small nuclei. No other septa are to be seen. The number of
nuclei in the first-formed haustorium mother cell is not uniform.
Three and even four have been found, although two are most common.
The substomatal vesicles are small at this stage and meager in
content. The average size of 10 is 17.5At by 12.3/x. The longer
diameter is often at right angles to the epidermis, as in Plate 2, A
and D.
Under winter conditions (this material was infected in January)
the rust spreads little if at all on the second, third, and fourth days
after inoculation. It still is Hmited to the edges of the air space
beneath the stoma of entry. Development during this time consists in the absorption of food from the host, an increase in cytoplasm,
and multiphcation of nuclei accompanied by a swelling of the vesicle
and hyphae to several times their original dimensions.
The steps in this process can be followed. Two-day material
presents considerable range in development. One of the early
stages is shown in Plate 2, F. It is drawn on the same scale as the
younger vesicles and hyphae in Plate 2, A and D. On comparing
the two, the trend of development is at once apparent. The stage
in Plate 2, A, has been attained without food other than that originally stored in the spore from which it grew. In Plate 2, F, there
is an empty haustorium mother cell at 6 and the tip of a haustorium
at c. The remainder of the haustorium lies in the next section.
Once the food and water suppUes of the host have been tapped,
there is immediate expansion. Both vesicle and hypha are rounding out. The nuclei have not increased in number but are full grown.
Food absorbed from the host cell by the haustorium and passed
on out through the mother cell is naturally most abundant just back
of this cell. Here fxmgous plasm accumulates. There is formed
regularly a roimded, almost globular swelhng of the hypha at this
point. The beginning of this swelling is seen at e in Plate 2, F. It
is more pronounced at a in Plate 3, A, just back of the mother cell h.
In Plate 3, Bi and B2, are drawn successive sections of the same
fungus, which has formed two haustoria. Just outside of the host
cell containing the haustorium, g, is the beaklike haustorium mother
cell, /, and just back of it is the rounded swelling x)f the hypha e.
In Plate 3, B2, is the haustorium, á, connected with the niother cell,
c, and back of it a large globular fungous mass, i. This connects
with the part labeled 6 in Bi. The point at a connects directly with
EXPLANATORY LEGEND FOR PLATE 3
Infections on Bromus marginatus
A.—Two-day infection with partly collapsed substomatal vesicle, c, and infecting hypha, a, greatly swollen just behind the haustorium mother cell, ö. Haustorium at d. X 730.
Bi and B2.—Successive sections of a two-day infection, Bi, a, adjoins the substomatal vesicle (not drawn).
There are two infecting hyphae, greatly, enlarged. One at B2, b, with empty haustorium mother cell at c
and haustorium at d. The second, Bi, e, with mother cell at /and haustorium, g. X 730.
Ci and C2.—Two-day infection. Successive sections of substomatal vesicle showing increase in size and
in contents. Guard cell at a, substomatal vesicle, c, swollen infectmg hypha, &, d. X 730.
Di and D2.—Four-day infection showing the substomatal vesicle, a, the empty haustorium mother cell,
&, the hypha greatly swollen just back of it at c, and the growing tip, d. No septa except at &. X 730.
E.—Four-day infection with the substomatal vesicle, c, forming an infecting hypha at each end, a and 6.
X 730.
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the substomatal vesicle. There are over 2 dozen nuclei in this
irregularly bulging mass. There are only two septa—the ones
delimiting the two haustorium mother cells.
One result of the absence of cross walls is a greater freedom of
motion. There are no nuclei in the short hypha at d in Plate 2, A,
nor at € in Plate 2, F. A Httle later all of the nuclei are at the corresponding position, a, in Plate 3, A.
When the substomatal vesicle first rounds out in this process of
expansion it is rather unstable and sometimes collapses under the
action of the fixing fluid. (PI. 3, A, c.) A little later it holds its
form. Moreover, as the protoplasm grows and the swelling hypha
is densely filled, the protoplasm often backs up into the vesicle,
for there are no cross walls to stop it. In Plate 3, Ci and C2, still
from two-day material, the vesicle, c, is more than half full of cytoplasm rich in nuclei. It is several times its original size (cf. pi. 2,
A and D) and has changed shape, for the long diameter is now regularly parallel to the long axis of the guard cells. Ten substomatal
vesicles from three-day material have been measured. The average
size is 26.8/x by 17.1)u, which contrasts sharply with the original
size (17.5M by 12.3/x).
Similar figures still may be found on the fourth day. In Plate 3,
Di and D2, successive sections of the same organism, there is the
half-filled vesicle, a, against the guard cell. The haustorium mother
cell, &, originally the tip of a slender hypha, looks now like a little
lateral appendage on a short massive hypha whose apex is at d.
Although two or three hyphae may form from the same vesicle,
they usually issue near each other from the same end of the vesicle.
(PI. 2, D and E.) Occasionally, however, one finds hyphae coming
from opposite ends of the vesicle, as in Plate 3, E, a and 6. So far
as noted, the development of the two in such cases is unequal. As in
this instance, the bulk of the cytoplasm in the vesicle is at one end,
continuous with the hypha, a, which in turn connects (in adjoining
sections not drawn) with the usual haustorium mother cells (two in
this case) and globular swellings. There are over 40 nuclei in this
fungus, of which only 3 occur in the hypha at &. The further development of the latter is doubtful.
Occasionally two germ tubes reach the same stoma and both enter.
Figures like the one drawn in Plate 4, A, are not uncommon. At e
is the empty germ tube leading to the vesicle, a. The survival of the
germ tube to this stage (fourth day) is rare. It usually disappears
soon after entry; in fact, it is rarely seen even on the second day.
The two vesicles, a and 6, are quite distinct, and each forms its own
infecting hyphae, c and d. In this case the vesicles are nearly
emptied, the cytoplasm and nuclei having passed out along the lines
of growth.
EXPLANATORY LEGEND FOR PLATE 4
A.—A four-day infection on Bromus marginatus. Two entries occurred at the same stoma. The two
nearly empty substomatal vesicles, a and h, are not joined. Each produced two infecting hyphae, c and d.
Remnant of germ tube at e, f. x 730.
B.—From a seven-day infection on B. marginatus. The substomatal vesicle, a, formed two hyphae; one
abortive, d, the other forming a mother cell at ö with dead haustorium, /, accompanied by dead host
nucleus, e. The hypha expanded at c, and formed the nonseptate hypha, c, j, with branch at i. Dead host
cells at {/, Ä. Multinucleate, nonseptate mycelium from this extends 450 ¡i. X 730.
C—Seven-day infection on B. marginatus with empty withered substomatal vesicle at a beneath dead
guard cell, &. X 730.
D.—Seven-day infection on B. marginatus. Branching hypha in mesophyll. Nuclei irregularly arranged. No septa except those delimiting the haustorium mother cells, as at a. X 730.
E.—From 17-day infection on Jenkin club wheat. Hypha, h c, terminates in a haustorium mother
cell. a. X 1130.
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The time when this evacuation of the vesicle occurs varies greatly.
In Plate 4, A, four days after inoculation, it is nearly complete. In
Plate 4, B, on the contrary, seven days after inoculation, cytoplasm
and nuclei are still present, and the vesicle has retained its turgor.
The evacuation of the vesicle is accompanied by its shrinkage. This
is beginning in the vesicles of Plate 4, A, and is much more pronounced
in later preparations. In Plate 4, C, seventh day, the vesicle is
small and wrinkled, and contains mere traces of cytoplasm and
nuclei.
The material used in this study of early stages of infection was
grown in the field in January, and the question arose as to whether
winter conditions, particularly low temperature, had retarded the
growth. For comparison, a second lot of inoculations was made in
April. The early stages resembled closely those of the winter material, both as to method and rate of development. All evidence
available at present indicates that this prolonged juvenile period,
during which the organism increases in thickness without adding
materially to its length, is normal to this species.
DEVELOPMENT OF THE MYCELIUM

After this long preliminary period, during which the primary hypha
or hyphae expand slowly to the diameter of later stripe-rust hyphae,
a hypha grows out into the mesophyll tissue, working its way through
the irregular intercellular spaces. The direction of growth is at first
indifferent. It may grow lengthwise of the leaf, but it is quite as
apt to grow transversely or diagonally.
In Plate 4, B, representing part of a seven-day infection, the substomatal vesicle at a, already mentioned, is living. Two hyphae
formed from it, one at á, abortive, and a second which originally terminated in a haustorium mother cell at h. The haustorium from it, /,
is now dead, and alongside it is the host nucleus, 6, also dead. The
haustorium evidently functioned, however, for the typical rounded
swelling, c, formed just back of the mother cell, and from it grew the
hypha, c-j. A branch at í (cut in sectioning) leads out into deeper
tissues, where it has branched and spread lengthwise of the leaf
through a distance of 450)Lt. The entire mycelium is without septa
other than those delimiting haustorimn mother cells. This absence
of barriers facilitates the transfer of materials along the hyphae and
may explain why this hypha, c-jj can still contain rich protoplasm,
although the host cells aroimd it, ^, Ä, e, are dead or dying.
Something of the habits of the mycelium may be seen from Plate
5, A, drawn from a six-day preparation. Coming in at 6, the hypha
passes imder a mesophyll cell, reappears at d, grows down to 1c, narEXPLANATORY LEGEND FOR PLATE 5
A.—Six-day infection on Bromus marginaius. Branching hypha, &, fc, I, m, in mesophyll. Haustorium
mother cells at a, c, d, f, and i. Haustoria at c, <7, and j. Host-cell nucleus at h. No septa except for
haustorium formation. X 730.
B and C.—From six-day infection of B. marginatus. Newly formed haustorium mother cells at a, b,
one with two nuclei, the other with three. X 730.
D.—From 17-day infection on Jenkin club wheat. Two haustorium mother cells, & and c, formed on
the hypha, a, are beginning to form haustoria at d and e. The necks of these haustoria are encrusted with
granular matter. The nuclei in the mother cells are indistinct. X 1130.
E.—Seventeen-day infection of Jenkin club wheat. The hypha, c, formed a mother cell, a, between
the host cells, d and e. The mother cell is forming the haustorium, b. Nuclei of the mother cell are doubtful. X 1130.
F.—Similar to E. On the hypha, c, has formed a haustorium mother cell, a. No nuclei visible in the
mother cell. Young haustorium at b, with host nucleus, d. X 1130.
G .—Similar to E. Hypha at c. Contents of mother cell, a, without visible nucleus. Young haustorium
at b. X 1130.
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rowing where the air space narrows, broadening out where there is
room, disappearing at ¡t, and coming again into the plane of the
section at I and m. Numerous nuclei are scattered along its length
in no regular order. So far as can be detected, the nuclei are not
paired.
The characteristic haustorium mother cells occur at Plate 5, A, a,
c, d, f^ and i, each connected with its haustorium as at 6, jy and g.
In j and g the host nucleus lies in contact with the haustorium.
The tendency to form an expanded mass of fungous plasm in the
hypha just back of the haustorium mother cell, where food is coming
in, is less pronounced but can still be seen in some cases. In the
hypha just back of the mother cell, á, is a large rounded mass almost
filling the large air space. Food absorbed vby the haustorium, j, and
passed out through the mother cell, i, has brought about a local
expansion of the hypha at that point, but space limitations have
forced the swelling hypha around the mother cell itself, almost submerging it.
In larger air spaces the hyphae take a cylindrical form (pi. 4, D)
and are far more uniform in thickness. The average diameter is
about 9ß. Here, too, the fungous nuclei are distributed in irregular
order, often with 10 or 12 in a group. There is no obvious pairing.
Haustoria form in the same fashion in mycelia of all ages, but older
infections have proved most favorable for a detailed study of all
stages of the process. For some reason not understood, haustoria
of young infections often collapse in the fixing fluid even when the
rest of the fimgus and the host tissues are excellently fixed. In
older infections some difference, probably in degree of turgor, resulted
in much better fixation of haustoria.
When the tip of one of these coarse multinucleate hyphae forms
contact with a host cell or becomes wedged into an angle of some
small intercellular space, a septum forms a short distance back from
the tip, giving rise to a short broad terminal cell, the haustorium
mother cell. (PI. 5, B, a, and C, 6.) The nuclei of this cell decrease rapidly and unequally in size and become very difíicult to see.
Only when the cell is first delimited can the nuclei be counted. In
the first formed haustorium mother cells (pi. 2, E, f and g) the number of nuclei commonly is two. In Plate 5, B, a, there are two; in"
C, 6, there are three. In other cases four, five, and even six have
been counted. At a slightly later stage (pi. 4, E), although the
numerous nuclei of the hypha, 6, c, are clearly defined and conspicuous, those in the mother cell are small and vague. One little
nucleus at a is fairly clear, but the smaller, fainter circles near it
EXPLANATORY LEGEND FOR PLATE 6
A.—From 17-day infection on Jenkin club wheat. Young haustorium beginning to expand with single
nucleus at &. Empty mother cell at a. X 1130.
B.—Similar to A. Empty haustorium mother cell, a, and uniniicleate haustorium, b. X 1130.
C—From four-day infection onlSromus marginatus. Mother cell, a, with swollen hypha, 6, behind it.
The small haustorium, c, is binucleate and accompanied by the host nucleus, d. X 1130.
D.—From 17-day infection on Jenkin club wheat. Expanding haustorium, a, with encrusted neck, &.
X 1130.
E .—From infection on leaf sheath of wheat, C. 1.7555-1. Half-grown, branched, uninucleate haustorium.
X 1130.
F.—From infection on leaf blade of wheat C. I. 7554. Forked haustorium with divergent branches.
X 1130.
G.—From infection on glume of wheat C. I. 7555-1. Several haustoria in one cell. Haustorium, a, b,
slightly plasmolyzed at b. Host cell living. X 1130.
H.—From infection on leaf sheath of wheat C. I. 7555-1. Haustorium, a, with three branches slightly
plasmolyzed at d and e, and heavily sheathed neck, b. Second haustorium at c. Intracellular bodies at
fanág. X 1130.
I.—From infection on leaf sheath of wheat C. I. 7555-1. Large haustorium (39 /* long) almost completely
drained. Single haustorial nucleus at a. X 1130.
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may be either degenerating nuclei or merely heavier bits of cytoplasmic reticulum.
In Plate 5, E, the end of the hypha became firmly wedged between
two host cells, d and e, and formed the mother cell, a. Within it
are four small circles. Whether any or all of these are nuclei can
not be determined. In this case, part of the content of this cell has
moved in to the host cell, beginning the formation of a haustorium
at h.
In Plate 5, F and G, the nuclei in the mother cells, a, ci, either
have become so faint or so small as to be indistinguishable or have
already entered the haustoria, 6, 6.
In Plate 5, D, the hypha a has produced two mother cells, h and
Cj crowded into a small intercellular space and shaped closely to its
outline. The one at h is forming the haustorium d and the one at c
is entering another host cell at e. The ïiecks of these young haustoria,
d and 6, are not slender like the others depicted, but are seemingly
encrusted by granular matter. Whether this coating is derived from
the host or from the rust is not known, nor is it known what conditions lead to its formation. It occurs more commonly in old than in
young infections.
The very young haustorium is too dense and stains too deeply
to show the nature of its contents. Apparently the protoplasm
of the mother cell becomes concentrated as it flows through the
narrow neck of the haustorium. It soon absorbs water from the host,
however, and expands into a more open vacuolated structure. In
Plate 6, A, at &, is a young haustorium only 4.5/x long, which shows
clearly a single well-formed nucleus and reticulated cytoplasm. Its
mother cell, a, is empty. The slightly older haustorium (pi. 6, B,
6), 7/x long, also shows a single clearly defined nucleus. Whatever
the number of nuclei in the mother ceU may.have been, but one
reappears in the haustorium, and it expands with the growth of the
haustorium. A few exceptions have been noted. The haustorium
at c, in Plate 6, C, contains two small nuclei. The fate of the extra
nuclei when a uninucleate haustorium arises from a binucleate or
multinucleate mother cell has not been determined, but the fact that
the nuclei decrease unequally in size before entering the haustorium
suggests degeneration of the supernumerary nuclei.
The great majority of the haustoria develop into elongated unbranched bodies, thicker at the base and tapering somewhat toward
the tip. The single nucleus lies about one-third of the way from the
base. In Plate 6, D, the half-grown haustorium, a, is typical. Here
again the neck, 6, is encrusted with a blue-staining granular material
of unknown origin. This occurs not infrequently in infections on a
number of hosts, but there always are many haustoria with slender
necks along with those that show this modification. It is doubtful
whether it should be considered a sign of resistance in the host.
Plate 6, D, was drawn from an infection on Jenkin club wheat, on
which the rust makes good growth. It is found equally commonly on
Bromus marginatuSj a fully susceptible host; also on C. I. No. 7555-1,
a susceptible wheat from India.
Occasionally a haustorium forks into two branches which may
lie close together (pi. 6, E ) or diverge (pi. 6, F and G, a). More
rarely three branches are formed. (PI. 6, H, a.) The single nucleus
of these branching haustoria is usually stationed near the point of
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origin of the branches. This last haustorium (pi. 6, H, a) has an
unusually thickened neck, h, within which the slender original neck
can be seen. Occasionally there is a slightly denser mass of cytoplasm near the tip of a branch of the haustorium (H, á, e). In
case the haustorium is slightly plasmolyzed (pi. 6, G, h) this mass
may bear a superficial resemblance to the haustorial nucleus. Usually,
however, it is irregular enough in outline to be unmistakable.
Full-grown haustoria are 25M or 30^ in length (counting each branch
separately). The largest one measured (pi. 6, I) is 39yit long.
The host nucleus is often found associated with the haustorium.
A count was made to determine the percentage of cases in which the
haustorium and nucleus were together. Only those were counted
in which the haustorium was full grown and in which both nucleus
and haustorium could be seen clearly, and in mesophyll cells large
enough so that there was room for them to have been widely separated. In 41 out of 50 cases, or 82 per cent, the two were together.
This is too large a percentage to be accidental. Since many of these
haustoria were located at the end of a cell three or four times as long
as the haustorium, the contact between the two can have been
achieved only by the motion of the nucleus to the haustorium.
Host nuclei in young and old infections and in uninfected tissue
near by were measured. There is some expansion of the nucleus
in infected tissue. The larger nuclei measured 10.0M by 7.5M in
infected tissue and 8.7M by 7.7M in uninfected. The expansion is
slight compared to that seen in infections of other rusts.
At the end of the first week of growth the mycelium has invaded
an area from 350M to 500M in length, but not all of the intercellular
spaces within that region are filled. The hyphae have not branched
richly. Even at the center of the infection the fungous growth is
still sparse.
Between the seventh and the ninth day the mycelium begins to
spread rapidly through the leaf. This process is influenced markedly
by the anatomy of the leaf.
In these sword-shaped leaves the veins run lengthwise of the leaf
and parallel to one another. They are strands of vascular tissue
circular in cross section and are embedded in rather dense mesophyll
tissue with small intercellular spaces. From 25 to 50 per cent of the
veins of later leaves are reinforced by heavy-walled strengthening
tissue extending from the vein to both upper and lower epidermis.
This tissue is practically without intercellular spaces. Each vein
is marked on the upper side of the leaf by a ridge, so that this surface
of the leaf is minutely corrugated. The stomata are arranged in
longitudijial rows parallel to the veins. There usually is one row
(occasionally two) on each slope between a ridge and its adjoining
valley. The stomata are fewer on the lower surface of the leaf and
are opposite those of the upper. Beneath each stoma is a large air
chamber, and as the stomata form a close row (usually only one
epidermal cell intervening between one stoma and the next), these
rows of substomatal air chambers form chains of communicating
passageways running from one end of the leaf to the other.
It is through these lanes that the fungus makes most rapid progress.
Coarse, runnerhke hyphae traverse these air spaces, running as
straight as the passageways in the leaf permit and following the fines
of least resistance. (PI. 7, A^ 6, c, d,) Even here, however, a runner
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seldom grows more than lOO/i, or 125^ at the most, without encountering a host cell. It may swerve and grow around it, but usually it
stops, forms a haustorium mother cell and a haustorium (pi. 7, B,
a, 6,c), and continues growth by means of a branch pushed out just
back of the haustorium mother cell (pi. 7, B, á, e). In young runners
there are no septa other than those cutting off these short haustorium
mother cells. In one case a runner was traced 400/^ without a cross
wall. The growing tip of a runner is dense and stains intensely. A
little farther back (pi. 7, C) the contents are more open. The numerous nuclei are scattered or in groups with no obvious arrangement.
The average diameter of these runners is 9.5/x. Still farther back
from the growing tip (pi. 7, B) the runner, still nonseptate, shows scant
content. There is a continuous central vacuole, and in the peripheral
cytoplasm the nuclei are scattered or in pairs (pi. 7, B,/, g^ li). Doubtless a part of the former content flowed on toward the growing tip,
and some of it was utihzed in the formation of lateral branches.
The rust also spreads transversely as far as continuous air passages
in the mesophyll tissue permit. Here and there a runner gives off a
small lateral branch which threads its way into the denser tissue,
ramifying further and producing numerous haustoria. These feeding
hyphae are variable in size, averaging 4.7/i in diameter. Many of
the small intercellular spaces in the tissue around a vein are bhnd
alleys, but some of them form continuous crooked passageways
through which hyphae pass, and if the mycehum succeeds in reaching
the more open tissue beyond the vein, a hew set of runners is initiated,
running parallel to the first. But the transverse spread of the mycelium is slow at best and is stopped on either side when a reinforced
vein is reached, for the thick-walled strengthening tissue without
intercellular spaces forms an impassable barrier.
So, while the transverse spread of the rust is checked when a reinforced vein is encountered, there is no mechanical barrier to the longitudinal growth, for the chains of substomatal passageways extend
from one end of the leaf to the other. The result is a narrow bandshaped infection which can, and under favorable conditions does,
extend the full length of the leaf.
When an infection is about 10 days old, a few septa form in the oldest part of the mycehum. These increase in number. As the mycehum extends longitudinally, the central septate area increases proportionately in size. In any older infection, all stages can be found
between the nonseptate marginal region and the fully septate central
area.
Some of the steps in this process have been observed. In Plate 7,
D, is drawn a branching hypha in an early stage of septation. Septa,
EXPLANATORY LEGEND FOR PLATE 7
. A.—From a 17-day infection of Jenkin club wheat. A longitudinal section showing partly septate
runners, h, c, d, f, and finer mycelium in smaller air spaces, g, h, i. Subepidermal spore-producing hyphae
massing at a and e. X 155.
B.—Detail from 17-day infection on Jenkin club wheat. Partly drained runner, d e, m substomatal
air space. No septa except those delimiting the haustorium mother cells a, &, c. Nuclei paired at /, g,
and Ä. X 730.
C—Portion of nonseptate runner with rich cytoplasm and numerous irregularly arranged nuclei.
X 1130.
D.—From 16-day infection on Bromus marginatus. Early stage of septation. Septa at a, b, c. Cells of
hyphae still multinucleate. Empty haustorium mother cells at d and e. X 730.
E.—As in D. Showing passage of nuclei and cytoplasm of cell into the branch, o. X 730.
F.—As in D. The cell, a, nearly evacuated, its protoplasm having passed out into the branch, b.
X 730.
G.—From 17-day infection on Jenkin club wheat. Detail showing paired nuclei at a, b, c, and larger
group of nuclei at d. X 1130.
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of course, delimit the two empty haustorium mother cells, d and 6,
but in addition there are other septa, a, &, and c, cutting the main
hypha into short lengths. These shorter cells are still multinucleate.
The cell, 6c, appears to be small and binucleate, but really extends on
behind the mother cell, e. The nuclei are irregularly disposed in the
cells, and the number in a cell varies.
These partly septate hyphae branch freely. In Plate 7, E, a binucleate cell has pushed out a short branch, a, into which both cytoplasm and nuclei are passing. In Plate 7, F, the cell, a, is nearly
empty, the cytoplasm and six nuclei having moved out into the
branch 6. Sometimes a septum near the base of the branch cuts off
retreat, and the evacuated portion of the parent hypha remains
quite empty.
Septation progresses unevenly, varying within a small area.
Alongside of hyphae with numerous irregularly disposed nuclei (pi. 7,
C and D) are others in which some or all of the nuclei are arranged in
pairs. In Plate 7, G, are three pairs of nuclei a, &, c, and an unassorted group, d. In Plate 8, A, is a hypha with four pairs of nuclei,
a, &, c, dj and adjoining it a small cell which may be part of the same
hypha, containing a fifth pair. In this case the two nuclei of a pair
are close together, or even in contact, and the pairs tend to become
scattered along the length of the hypha. Sometimes the pairing of
nuclei is less obvious. Of course it is possible that these pairs are
determined at an earlier stage, but repeated efforts to discover this
have failed. Runners as well as the smaller hyphae become septate.
Perhaps the pairing at/, gr, and Ti in Plate 7, B, is a beginning of this
process.
This rearrangement of nuclei normally is followed by the building
of septa between one pair and the next, giving rise to binucleate
cells. It does not work out perfectly, for an occasional cell, as in
the runner figured in Plate 8, B, may have one pair, c, and an extra
nucleus, d, while the adjoining cell has only one nucleus, e, Septation probably remains incomplete in places. In Plate 8, C, is drawn a
hypha whose contents have been drained. The five nuclei are reduced in size, and the cytoplasm consists of a few delicate strands.
Hyphae near by are septate, but it is doubtful whether the depleted
living contents of this cell sufiice for septum building.
The appearance of septa marks the beginning of reproductive
activities. So regular is the sequence of septation and reproduction
that the formation of septa in any part of an infection may be considered the first step in preparation for spore formation at that
point.
DEVELOPMENT OF UREDINIA

Beginning at the center where the mycehum is oldest and best
established, the wave of septation advances along the lines of growth,
EXPLANATORY LEGEND FOR PLATE 8
A.—From 17-day infection on Jenkin club wheat. Detail showing paired nuclei at a, b, c, d, and e.
X 1130.
B.—As in A. Septate runners. Binucleate cells usual as at a and &. The cell, c, contains a pair at c,
and an extra nucleus at d, w:hile the cell, e, is uninucleate. X 666.
C—From 14-day infection on Bromus marginatus. Drained hypha with imperfect septation. X 1130.
D.—As in C. Subepidermal mycelium which will give rise to spores. Cells a, &, c, d are still multinucleate but the nuclei are often paired. X 1130.
E.—As in C. Young spore-producing mycelium beneath epidermis, Multinucleate cell at o. Nearly
binucleate hypha at &. X 1130.
F.—As in C. Binucleate subepidermal hypha. X 1130.
G.—As in C. Binucleate hypha with septum forming at o, &, and completed septa at c and d. X 1130.
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keeping always some distance behind the growing tips of the runners,
and a wave of spore formation follows close behind. At regular
intervals along the lines of runners, successive reproductive centers
appear, each of which will develop into a uredinium. The long
chains of uredinia so formed give to stripe rust its name. The units
of this chain are small and definitely limited in growth. There are
about 14 uredinia to a centimeter, on an average. Beyond the open
uredinia in each chain is a series of five or six similarly spaced and
progressively younger reproductive centers, and beyond these in
turn are the isolated runners forming the vanguard.
Part of a longitudinal section of a leaf extending from the edge of
one young reproductive center to the next is drawn in Plate 7, A.
Runners (pi. 7, A, &, c, d) as well as the smaller feeding hyphae (pi. 7, A,
i, g, h) are partly septate. At a and at 6 a few small hyphae with dense
contents are massing below the upper epidermis in preparation for
spore forniation. Septation is a little more advanced at these centers than in the area between. This is noticeable at /, where the
runners are most closely septate. Both runners and the smaller
feeding hyphae contribute branches to the subepidermal growth.
The steps in the development of uredinium have been followed in
detail. The first hyphae to reach the epidermis are still composed
of multinucleate cells. In Plate 8, D, representing a triangular
subepidermal air space, the hyphal cells, h, c, d, have four nuclei
each, and the cell, a, has six near the tip and one farther back.
This condition soon changes, and alongside of a hypha with many
nuclei in a cell (pi. 8, E, a) another may be found (pi. 8, E, 6) in
which, although growth and nuclear division are somewhat in advance
of septum formation, the binucleate tendency is evident. Soon
after this, hyphae with strictly binucleate cells (pi. 8, F) are found
skirting along below the epidermis.
Little has been learned as to the way in which septa form. In
Plate 8, G, the irregular surface (seen as a sinuous line in edge view)
extending from a toward l may be a partly formed septum. Fully
formed septa are plane (pi. 8, G, c) or slightly arched due to turgor
differences on the two sides (pi. 8, G, d).
The amount of subepidermal growth preceding spore formation
varies somewhat, but it sufläces to pry the epidermis loose froni the
underlying mesophyll. Short, broad cells are formed with two nuclei
and dense cytoplasm. (PI. 9, A, a, &, c, d.) These basal cells form an
almost continuous subepidermal layer, first evident at the center of
(and later throughout) the little reproductive area.
EXPLANATORY LEGEND FOR PLATE 9
A.—From 14-day infection on Bromus marginatus, Binucleate spore-producing mycelium. Basal
cells at a, b, c, d. X 1130.
B.—From infection on White Federation wheat (C. I. 4981). Young spore mother cells, o, b, at the edge
of a uredinium.- X 11.30.
C—As in B. Developing urediniospore, b, with two nuclei and dense cytoplasm. Stalk cell at a
X 1130.
D.—As in B. Growing spores, a, &, still thin walled. X 1130.
E.—As in B. Longitudinal section through center of uredinium, showing spores, o, on the upper surface, basal cells and runners, &, c, beneath, and the mesophyll tissue with intercellular mycelium and
occasional dead cell, d. X 158.
F.—As in B. Longitudinal section showing the bridge of paraphyses, a b, extending from one uredinium
to the next. X 158.
G.—From 14-day infection on Bromus marginatus, showing an early stage in the development of the
paraphyses. X 1130.
H.—From infection on wheat C. I. 7555-1. Urediniospore with four nuclei. X 1130.
I.—As in H. Number of nuclei doubtful—probably four. X 1130.
J.—As in H. Multinucleate spore—probably six nuclei. X 1130.
K.—As in H. Spore with two nuclei, a, b, and two smaller irregular bodies, c, d. X 1130.
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From these the spore mother cells push up, forcing up the epidermis
as they grow. (PI. 9, B, a, i.) The spore mother cell divides into
stalk cell and spore, each with two nuclei. (PI. 9, C, a, 6.) The
young spore grows rapidly (pi. 9, D), and since it remains thin
walled until nearly mature, the details of its contents may be seen
clearly. The relative position of the two large nuclei varies. They
may be in line with the longitudinal axis of the spore (pi. 9, D, a), at
right angles to this (pi. 9, D, 6), or in any intermediate position.
The very young spores, especially if subject to lateral compression,
usually have the nuclei in a longitudinal row. The mature spore,
already described (pi. 1, D), usually contains dense cytoplasm and
two nuclei and is covered by a wall provided with numerous scattered
germ pores.
Something of the appearance of a spore-bearing region at the height
of its activity may be seen in Plate 9, E, representing part of a
longitudinal section through the center of an open uredinium. Runners (pi. 9, E, a, by c) are still conspicuous, and smaller hyphae fill the
lesser air spaces of the leaf.
The cells of the mycelium appear quite empty, the contents
having drained into the spore-bearing layer. The first part of this
translocation of materials may have occurred as a direct flow of
cytoplasm and nuclei as such into branches growing to the surface.
(PI. 7, E, F.) Much of it, however, occurred after septation was
completed and could have been achieved only by a pfocess similar to
that described in other rusts (;^, 3), in which the protoplasm of
the hypha appears to break down into a simpler, more soluble form
which can diffuse through septa. During this process the cytoplasm
first decreases in quantity, and later even the nuclei become smaller
and disappear, leaving the cells of the hypha free of stainable content.
Haustoria as well as hyphae become drained, and in normal old age a
haustorium (pi. 6, I) is nearly empty, containing but a few delicate
strands of cytoplasm and the single reduced nucleus (pi. 6, I, a).
Not all stripe-rust haustoria undergo normal drainage. Among
the haustoria beneath uredinia are some which have degenerated
and died apparently without drainage. Plate 10, A and B, shows the
beginnings of this change. Within each haustorium, a, a, nucleus
and cytoplasm can still be seen, but each haustorium is incased in
a heavy sheath, and its neck (pi. 10, A, &, and B, b) has become modified. Later (pi. 10, C) the nucleus and cytoplasm of the haustorium
break down into a mass that stains heavily and uniformly. The
outline of the body, 6, of the haustorium can still be discerned within
the heavy sheath, a, and the slender neck, c, can be seen leading
from it to the empty haustorium mother cell, d, outside of the host
cell. The dead host nucleus, /, lies in contact with the haustorium.
The host cell is not collapsed nor disordered and still contains plastids
EXPLANATORY LEGEND FOR PLATE 10
A.—Early stage of degeneration of haustorium from infection in leaf sheath of heading plant of wheat,
C. I. 7555-1. The haustorium, a, is living, but it is coated with a heavy sheath, and its neck, &, is modified.
The host cell is living and the host nucleus, c, lies against the haustorium. X 1130.
B.—Similar to A. The haustorium, a, and its neck, b, are heavily sheathed. X 1130.
C—Dead haustorium from an infection on the leaf blade of heading plants of White Federation wheat
(C. I. 4981). Within the heavy sheath, a, can be seen the haustorium, &, with its neck, c, leading to the
haustorium mother cell, d. The dead host nucleus, /, lies against the haustorium. X 1130.
D.—Similar to C. The haustorium, a, is branched and the host nucleus, b, lies at the forking. X 1130.
E.—Portion of cross section of glume of wheat, C. I. 7555-1, showing small uredinium. The basal cell, a,
gave rise to two spores, b (freed) and c. The basal cell, d, formed three spores, e (set free), /, and g. X 510.
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and cytoplasm. Plate 10, D, a, shows a degenerate branched
haustorium with the host nucleus, &, between the branches. Plate
11, A, is still further degenerated and not even the neck is distinguishable. These degenerate haustoria occur in old infections on
all hosts studied, even though the rust has made good growth. In
one advanced infection on old leaf-sheath tissue of wheat (C. I.
No. 7555-1) 50 per cent of the haustoria showed this type of
breakdown.
The spores are borne chiefly on the upper surface (pi. 9, E) and
are at all stages of development. Just beneath them are the short
broad basal cells from which they arise. The first-formed spores
have been freed, leaving the withered spore stalks behind them.
The yoimger spores must force their way up between the stalks of
older spores, often under considerable pressure.
The same basal cell can give rise to several spores in succession.
This shows clearly in Plate 10, E, a cross section through a small
uredinium growing on a glume of wheat. The basal cell, a, first
formed a spore at 6 (of which only the withered stalk is left) and then
a second, c. The basal cell, d, formed three spores, one at e (evidenced by the stalk), a second at /*, now mature, and a third, at g.
About the margin of the uredinium is more or less of sterile fungous
tissue composed of coarse upright cells set side by side in the fashion
of a palisade. These paraphyses vary greatly in number. In some
infections, particularly on seedling hosts, they are practically absent.
In others, each uredinium is completely girt about with sterile
tissue. There is an abundance of it on either side of the small
uredinium in Plate 10, E. In some chains of uredinia on nearly
mature host plants there is a bridge of sterile tissue between each
uredinium and the next. (PI. 9, F, a to 6.) These upright sterile
cells originate in a line of basal cells similar to those at the base of
the spores. When very young, this marginal sterile tissue (pi. 9, G)
resembles closely in structure the young spore-bearing tissue adjoining it. The sterile tissue can be distinguished at a very early stage,
however, by the vacuolate cytoplasm of its cells. The watery
contents of these cells contrast sharply with the dense contents of
fertile tissue at a corresponding age. (Cf. pi. 9, A and G.)
In one lot of material (nearly mature wheat plants fixed at Davis,
Calif., in May, 1926) a small percentage of the last generation of
urediniospores—those contemporaneous with the teliospores—contain
more than two nuclei. Plate 9, H and I, shows spores with four
nuclei. In Plate 9, J, the number is doubtful, but it may be more than
four. In some cases two large central nuclei are found (pi. 9, K, a
and b) and in addition smaller irregular bodies (K, c, d) similarly
stained. These are unexplained. The percentage of these multinucleate spores is always small. When, during the following 3-ear
EXPLANATORY LEGEND FOR PLATE 11
A.—From 17-day infection on Jenkin club wheat. Dead haustorium, a. X 1130.
B.—From infection in leaf sheath of T. vulgäre C. I. 7555-1. Green intracellular body, a, in living cell of
host. Haustorium at h. X 1130.
C—From infection in leaf sheath of T. vulgäre C. I. 7555-1. Two types of intracellular bodies—at o a
large green body and at a a group of small spherical red-stained bodies. X 1130.
D.—Cross section of upper end of glume of C. I. 7555-1. Semidiagrammatic. X 79.
E.—Cross section through lower part of same glume. X 79.
In D and E, the circles represent veins, the dotted area mesophyll, and the clear area represents rather
heavy-walled empty cells without intercellular spaces. Rust occurs at points marked /.
F.—Portion of cross section of glume of C. I. 7555-1 showing outer epidermis at a, lined by strengthening
tissue, Ö, which extends around vein, c, to inner epidermis at d. Mesophyll tissue containing uredinia at
/, Ç, and i, flanked by paraphyses at e and j. Edge of next patch of mesophyll and fungus at h. X 158.
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(June, 1927), telia of stripe rust appeared on plants of Bromus marginatus in Berkeley, Calif., material of telia and adjoining uredinia
was fixed. Urediniospores here, so far as observed, are uniformly
binucleate.
The host tissues underlying uredinia (pi. 9, E, F) are generally
living but impoverished. There is less evidence of the stimulation of
invaded cells than in the other wheat rusts studied (2, 3). Host
nuclei expand but little and die prematurely. In one infection the
larger nuclei in cells containing haustoria averaged 10/x by 7.5ju as
compared with S.bix by 7.7ju in the adjoining uninfected tissue.
Plastids decrease in size, and in no case has excess starch been noted.
Occasionally a mesophyll cell collapses into a little irregular redstaining mass. (PL 9, E, d.) These dead collapsed cells increase in
number with the age of the uredinium. There may be 10 or 15 per
cent of them beneath older uredinia.
In one lot of material taken from leaf sheaths of nearly mature
wheat (C. I. No. 7555-1), two types of intracellular bodies were
found. One (pi. 11, B, a) is spherical, ranges in size up to 12)LA,
stains green in the triple stain, is nearly transparent, and is homogeneous in content save for a paler outer layer. It may have any
position in the cell. These green-staining spheres are abundant in
the infected tissue but also have been seen in a few cells just beyond
the margin of the mycelium. Since tissue more remote from the infection was not fixed, it is not certain that these bodies are due to the
activities of the rust.
The other type of intracellular body is small, spherical, and stains
a deep red. In Plate 11, C, both types are to be found in the same
cell, the green-stained body at 6 and a group of little red-stained
spheres at a. Both types are also to be seen in Plate 6, H, already
referred to. These red globules have, so far, not been seen outside
of infections. They are most numerous in cells with little protoplasm,
and their formation is apparently associated with the breakdown of
living matter under the influence of the fungus.
Puccinia glumarum^ as already mentioned, can grow and reproduce
in the glumes. Uredinia occur in rows running parallel to the veins
of glumes and even of awns. In the glumes, nearly all of these uredinia
open upon the inner face, so that the spores are shed into the narrow
crevice between the glume and the inner flower parts, often lodging
and accumulating there. This is a disadvantage to the rust, as such
spores are not readily caught and dispersed by the wind.
The distribution of stripe rust in glumes is limited by three facts :
The fungus can enter only through stomata; it can spread only
through intercellular spaces; and it can form haustoria only in relatively thin-walled living mesophyll tissue and epidermis. In the
EXPLANATORY LEGEND FOR PLATE 12
A.—Part of a section of a leaf sheath of wheat C. 1.7555-1, representing a young telium, with spore initials,
h c, with large nuclei and dense cytoplasm. Below are the basal cells, at the sides are young paraphyses and
above is the epidermis, a. X 1130.
, .. , „
. . ■ x
•
t
i •
B —A young teliospore (on C. I. 7555-1) with stalk cell, a, and distal cell contammg two pairs of nuclei,
he. A septum which will divide it into two cells is forming at d. X 1130.
C —Growing teliospore from C. I. 7555-1. Nuclear fusion is in progress. The wall is still thm except at
ends of septum, a &. X 1130.
,
^ ^
,i
mi. * •
D._Nearly mature teliospore (on C. I. 7555-1) with dense cytoplasm and heavy walls. The fusion
nucleus of each cell still contains two nucléoles, o, &. X 1130.
„
^
^
, ^ j
E.—Mature teliospore (on C. I. 7555-1) showing delayed nuclear fusion m one cell, a o, and completed
fusion in the other, c. X 1130.
F.—Single-celled teliospore (on C. I. 7555-1) at edge of sorus. X 1130.
Q —Section (of C. I. 7555-1) through two mature telial units, o, ö, each containing a compact group of
spores springing from a pseudopaienchymatous base of fungous cells, inclosed laterally by upright, somewhat compressed paraphyses, and roofed by the epidermis of the host, e e. Urediniospore at d.
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wheat glumes examined (C. I. No. 7555-1) much of the interior is
made up of strengthening tissue composed of empty, rather thickwalled cells without intercellular spaces. The fungus can not penetrate this tissue.
Plate 11, D, represents semidiagrammatically part of a cross section through the upper end of a glume and Plate 11, E, one from the
lower third of a glume. In both, the circles represent veins, the
dotted areas mesophyll, and the clear areas correspond to the strengthening or mechanical tissue. In the lower part of the glume (pi. 11, E)
the strengthening tissue surrounds the veins and forms a continuous
sheet lining the outer (convex) epidermis. The mesophyll faces the
inner epidermis between veins and is thickest near the veins. In
the upper part of the glumes the arrangement is more irregular.
Part of the mesophyll fronts outward. The outer epidermis has
thick walls throughout. The inner epidermis is thinner walled—
markedly so in the lower, less-exposed part. So far as noted, stomata
occur only where the epidermis is in contact with mesophyll.
So the rust (points marked / in the diagrams) enters only where
there is mesophyll, spreads only through its spaces, and grows out
to the inner surface (the only one accessible except at the tip of the
glume) to form uredinia.
The tissues of the glume are drawn at higher magnification in
Plate 11, F. At a is the heavy-walled outer epidermis, and lining it
is a sheet of strengthening tissue, four or five cells thick, free of fungus. This tissue extends around the vein, c, and on to the inner
epidermis at d. Under the inner epidermis from e to/ is mesophyll
permeated by fungus. There is one small uredinium at g and the
edge of a second at /. There is a bridge of paraphyses between
the two. At Ji, above the vein, are paraphyses adjoining a third
uredinium. Plate 10, E, already described, is also from a glume.
DEVELOPMENT OF TELIA

Telia are formed on host plants nearing maturity. They occur
on the leaf sheaths, on the glumes, and, more rarely, on the leaf
blades. A brief study has been made of telia on the leaf sheath,
where they are most abundant. The small compact telia form along
the edges of old uredinia. Exceptionally, the two kinds of spores
may be found mixed in the same sorus.
A typical young telium is drawn in Plate 12, A. The cells that are
to become spores, i to Cj are easily distinguished by their dense contents and large nuclei. Their form varies with the available space.
They may be misshapen by pressure against the heavy epidermis.
When relatively free, as in this case, they are balloon shaped.
In development, the initial cell first divides, forming a short stalk
cell. (PL 12, B, a.) Then the two nuclei in the spore proper undergo division, forming four nuclei. (PL 12, B, ft, c.) In this case
the septum which will divide the spore mto two cells is beginning to
form at d.
As the spore grows and takes shape, the two nuclei in each cell fuse.
This process may begin as soon as the spore is two celled and in some
cases is not complete until the spore is nearly mature. In Plate 12,
C, a half-grown spore, still thin walled, shows an early stage of fusion.
In each cell the two nuclei have come in contact, and the nuclear
membrane at the surface of contact has disappeared. The two sets
of çhromatin still appear to be distinct- Later thç fusiou nucleus
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becomes round but may still show the nature of its origin by the
presence of the two nucléoles. (PI. 12, D, d, 6.)
Slight irregularities occur. Sometimes fusion is delayed in one cell
(pi. 12, E, a, 6), although completed in the other (pi. 12, E, c). Occasionally one finds a one-celled teliospore (pi. 12, F) and more rarely
a three-celled one.
Something of the appearance of the mature telia is shown in
Plate 12, G. Each of the two compact telial units, h and a, is roofed
by the heavy epidermis of the host, e, and walled in at the sides by
a palisade of paraphyses similar to that surrounding the uredinia.
The spores are packed closely together and shaped to some extent
by the available space. At d is part of a urediniospore. Farther on
in this sorus urediniospores predominate.
DISCUSSION
The earliest characteristic difference found between stripe rust and
other wheat rusts is the absence of a well-marked appressorium.
This was also noted by Pole Evans {^1). The contents of the germ
tube are somewhat denser at the growing tip, but the tube swells
little, if at all, on reaching the stoma, and ordinarily there is no
septum marking off a separate appressorial cell. Even before entering the host the tendency in stripe rust toward the minimum of
cross walls finds expression. This procedure would appear to be a
disadvantage to the rust, for in cases of delayed entry a thin-walled
germ tube exposed to wind and sun would probably stand a poorer
chance of survival than the compact appressorial cushion of other
rusts.
The incubation period in stripe rust of wheat is from two to four
days longer than in either of the other wheat rusts. Urediniospores
germinate overnight, yet inoculated leaves do not ''fleck'^ until the
eighth, ninth, or even tenth day (varying somewhat with the host
and the time of year). A part of this delay is due to the prolonged
juvenile period of the rust. On the second day the fungus consists
of a small substomatal vesicle and one to three short slender infecting
hyphae, each of which has formed a little haustorium. During the
next two days the only development is a swelling of the vesicle and
initial hyphae to several times their original dimensions. Since thecje
are only 1 or 2 or, at most, 3 little haustoria to draw food from the
host, this process is necessarily slow.
Rice (35) finds in early infection stages of corn rust a well-developed
intercellular mycelium before the development of haustoria, and
concludes that the fungus is not entirely dependent on the haustorium
for its nutrition. In stripe rust, on the contrary, the conspicuous
bulging of the first infecting hyphae just back of the haustorium
mother cells gives ample evidence that the food is coming in through
these mother cells from the haustoria.
No evidence of direct feeding by the hyphae has been noted in
wheat rusts. Haustoria are formed at the beginning of infection and
increase in number in direct proportion to the development of the
mycelium. They seem adequate for the task of absorbing food for
the parasite, but, of course, it would be difficult either to prove or
disprove that a small amoimt of food was absorbed directly by the
hyphae. If, in some rusts, a part of the food is absorbed directly
by the hyphae without the formation of the special absorbing organs,
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the haustoria, the hitherto baffling problem of growing rusts in culture
media looks a little less impossible of solution.
It is of interest that the exceptional size of stripe-rust hyphae is
not attained gradually as the fungus grows out into the tissue and
establishes more contacts with the host, but is initiated right at the
outset of the vegetative life. The first hypha pushed out from the
expanded fungous mass at the stoma of entry is full sized and is
multinucleate and nonseptate like the later hyphae.
Rice (35) and the writer (3) compiled from rust literature data on
the number of nuclei in haustoria of gametophytic and sporophytic
mycelia. The numbers as reported are somewhat variable, but
uninucleate haustoria predominate in the gametophy te and binucleate
in the sporophyte. Wheat rusts do not conform to this. Puccinia
graminis {2), P, triticina {3), and P. glumarum have regularly uninucleate haustoria in the uredinial (sporophytic) generation. In P.
glumarum only two haustoria have been seen which had two nuclei,
and none with more. The haustorium mother cells have a variable
nuclear content, but apparently all but one of these nuclei degenerate
before the haustorium is formed.
The restrictions in the spread of stripe-rust mycelia imposed by
host tissues impenetrable to th^ fungus were fully described by
Eriksson and Henning in '*Getreideroste'' (20). Hursh (26)^ in his
study of the relation of morphologic structure of the wheat plant to
resistance to Puccinia graminis tritici, found a similar effect on the
progress and ultimate development of the invading fungus. These
limitations, together with the production by stripe rust of vigorous
runners which find their freest path in the open spaces beneath the
rows of stomata, determine the course of progress and the final form
of the infection.
The active period of any one portion of an infection is brief. By
the time the host tissues beneath one uredinium are impoverished,
new uredinia down the line are shedding spores. The impoverishment of infected host tissues takes place somewhat faster in stripe
rust than in stem and leaf rusts of wheat. Moreover, degenerate
haustoria, hitherto regarded (2) as an indication of uncongenial relations between host and rust, are found in older parts of infections on
all the hosts studied.
Perhaps the more rapid breakdown of relations between host and
pathogène in any given area is to be correlated with the unusual
ability of the latter to move on to fresh areas. At any rate, this
continued migration gives added efficiency and increased spore production.
In stripe rust there is associated with an ability to form an indefinite
series of uredinia a definite limitation in the size of the individual
uredinium. The uredinia of many rusts spread marginally, forming
new spore-bearing cells around the edges as the central part nears
exhaustion. In stripe rust the definite little spore-bearing area
usually is bordered by sterile cells which are probably homologous to
spores (or spore mother cells when the final septum is omitted) and
whose appearance suggests a half-eradicated tendency toward the
marginal growth of the uredinium common in many rusts. The function of these paraphyses is doubtful. They may perhaps be of some
service as buffer tissue, helping to raise the epidermis and to release
the young spores from its pressure. It should be mentioned, however,
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that uredinia lacking this sterile tissue—and such are not infrequent—
show no lack of effectiveness.
On one of the hosts studied, intracellular bodies of two types are
found in infected areas. Beauverie (8) describes several types of
intracellular bodies found in degenerating plant tissues, some of
which are formed in cells containing fungous haustoria. He suggests
that the '^nucléoles'' which constituted for Eriksson the histologie
proof of mycoplasm are nothing but intracellular bodies of one or
more types.
Eriksson's figures (17) show some of the ^'Plasmanucleoli'^ (supposed mycoplasm) as little red-stained globules lying free in the cell
and others as connected with the fungus outside by a fine tube extending to and through the host cell wall. The free globules were probably
red-stained intracellular bodies of the sort figured in this paper
(pi. 11, C), and the others were undoubtedly early stages in. the
formation of haustoria. The spherical heads of very young haustoria
stain deep red with the triple stain.
Another type of intracellular body was figured by Rüttle and
Fraser (36) in infections of Puccinia coronata Cda., and judging by
the figures, this same type was seen by Zach (89) in infections of
P, glumarum.
Prior to septation, the nuclei are irregularly disposed, isolated or
in groups, along the length of the hyphae. When the time for septation comes, these nuclei sort themselves into pairs which become fairly,
uniformly distributed. The basis of this assortment is unknown, but
it is possible that there is here a pairing of ''plus'' and ''minus"
elements such as is known in Phycomycetes, Ascomycetes, Ustilaginales, and Agaricales, and is now announced by Craigie (13) in one
of the rusts; and that somehow the pairs of nuclei in stripe rust are
comparable to the pairs in binucleate mycelium of other rusts. When
one considers, however, that no aecial stage, and hence no fusion of
uninucleate cells, is known in stripe rust, the mechanism of this
process becomes obscure. Of course, even if (as is not proved)
stripe rust lost its aecial stage long ago, whatever basis of assortment
originally obtained might still persist.
When the binucleate condition is once established, further development parallels that of other rusts. The new cells formed agree
closely in size, form, and activities with the corresponding stages in
rusts with regularly binucleate mycelium, and binucleate spores are
formed in the usual fashion.
In uredinia adjoining telia in one lot of material, a few of the
urediniospores contain more than two nuclei. It is doubtful what
weight to give this. These multinucleate spores have been seen so
far only in association with telia, and this aroused a suspicion that
stripe rust, whose aecial host is yet to be found, may be executing
some short cut in its life history by which a small percentage of
spores in the final uredinial generation on a maturing host function
as teliospores. On this basis, the young urediniospore should contain
two nuclei, then one, then two again, and finally four. Evidence
on this point was not available, for the uredinia adjoining the telia
in this material were old, and very few young urediniospores were
present. During the neT^t year, when an attempt was made to secure
a sUghtly earlier stage, only binucleate urediniospores were found.
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On the other hand, stripe rust has multinucleate cells through
much of its history, and the presence of more than two nuclei in a
urediniospore may be only one more expression of this mode of life.
It is consistent with the rest of the life history.
The brief study of the development of the teliospore included here
suffices to show that it is quite regular and like that of other rusts.
The germination of stripe-rust teliospores and the formation of
sporidia have been described by Eriksson and Henning (20). No
deterioration in this part of the cycle has been observed, yet, so far
as known, it is useless. The fact that teliospores and sporidia continue to be formed year after year can not be taken as proof of the
existence of an aecium. Elsewhere, functionless structures have persisted, as, for examj)le, in regularly apogamous ferns (Î) which continue to form and liberate active spermatozoids. In other words>
defective telia and sporidia would have constituted evidence against
tlfe presence of an aecium in the life cycle, but normal telia and sporidia
do not prove its existence.
No process has been seen in the uredinial generation of stripe rust
which would compensate for a missing aecial stage. Of course,
among the hundreds of nuclei in the large vegetative hyphae, nuclear
fusion and reduction could take place undetected, but its occurrence
at that stage is improbable. With the doubtful exception of fournucleate urediniospores, no positive evidence has been noted which
«would lead to a belief in the absence of an aecial stage.
SUMMARY
Urediniospores of Puccinia glumarum contain two, or rarely more'
nuclei. The spore wall has 10 to 16 germ pores. On germinating,
the germ tube grows to the stoma and enters without forming a
definite appressorium.
The substomatal vesicle is multinucleate. It pushes out one to
three short infecting hyphae, each of which forms a small haustorium. On the second, third, and fourth days the vesicle and infecting
hyphae expand to several times their original volume.
From this expanded mass at the stoma pf entry, a hypha grows
out into the intercellular spaces of the leaf tissue. Young hyphae
are coarse, multinucleate, and, apart from haustorium formation, nonseptate.
Haustoria are formed in abundance. The haustorium mother cell
is a short, broad, terminal cell of a hypha, containing two to six
nuclei. The haustorium is uninucleate, simple or branched, and has
a maximum length of 35/x or 40/*. The host nucleus is usually
associated with the haustorium. In normal old age the haustorium
becomes drained and nearly empty. Some of the haustoria of older
infections on all hosts studied undergo degeneration. The necks of
others become encrusted with granular, dark-stained matter.
Vigorous nonseptate runners grow lengthwise of the leaf through
substomatal passageways, spreading the rust. Branches from these
runners permeate the smaller air spaces of the tissues. The transverse spread is limited by leaf veins reinforced by strengthening
tissue impenetrable to the fungus.
About the tenth day after inoculation, septation begins in the
older parts of the mycelium, and thereafter the septate area spreads,
keeping a short distance behind the advancing runners. The first
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septa cut a hypha into long cells, then nuclei (hitherto irregularly
disposed) become arranged in pairs distributed along its length, and
further septa cut it into binucleate cells.
During septation, branches from both the runners and the feeding
hyphae grow to the upper epidermis and form there subepidermal
binucleate spore-bearing cells. Urediniospores are usually binucleate. A basal cell may give rise to several spores in succession.
A few of the last urediniospores formed on a maturing host plant
may be multinucleate. During spore formation the host tissues
beneath become impoverished and the mycelium drained. Intracellular bodies of two types are found in infections on one host.
Uredinia are small and definitely limited in size and are usually
bounded by a zone of paraphyses. This limitation in the size of
the individual uredinium is compensated by the production of many
uredinia in succession along the lines of advance of the runner.
Chains of one hundred or more uredinia are not rare.
In glumes, much of the tissue is impenetrable to the hyphae. The
mesophyll tissue usually faces the inner surface of the glume and the
stomata occur in epidermis adjoining mesophyll tissues, so the rust
usually enters from the inner surface, spreads through the mesophyll,
and comes to the inner surface to form uredinia.
Telia may form as the host matures. The development of the
teliospore is normal. The spore initial divides, forming a stalk cell,
and divides again, forming a two-celled apore. Each cell contains
two nuclei which fuse as the spore matures.
No positive evidence has been noted of any compensatory process
in the uredinial generation which would replace an aecial stage.
LITERATURE CITED
(1) ALLEN, R. F.
1914. STUDIES

IN

SPERMATOGENESIS

AND

APOGAMY

IN

FERNS.

WIS.

Acad. Sei., Arts, and Letters, Trans. 17:1-56, illus.

(?)

.

1924. CYTOLOGICAL STUDIES OF INFECTION OF BAART, KANRED, AND
MINDUM WHEATS BY PUCCINIA GRAMINIS TRITICI FORMS III AND

XIX.
(3)

Jour. Agr. Research 26: 571-604, illus.

1926. A CYTOLOGICAL STUDY OF PUCCINIA TRITICINA PHYSIOLOGIC FORM II
ON LITTLE CLUB WHEAT. Jour. Agr. Research 33: 201-222, illus.

(4) ARMSTRONG S. F.
1922. THE MENDELIAN INHERITANCE OF SUSCEPTIBILITY AND RESISTANCE
TO YELLOW RUST (PUCCINIA GLUMARUM, ERIKSS. ET HENN.) IN

WHEAT.
(5) ARRHENIUS, O.

Jour. Agr. Sei. [England] 12: 57-96.

1924. UNTERSUCHUNGEN üBER DEN ZUSAMMENHANG VON GELBROSTRESISTENZ UND DER AKTUELLEN UND POTENTIELLEN AZIDITäT DES

ZELLSAFTES UND DER GEWEBE.
97-101.

Ztschr.

Pflanzenkrank. 34:

(6) BEAUVERIE, J.
1914. SUR L'EFFICACITé DES GERMES DE ROUILLES CONTENUS DANS LES
SEMENCES DES GRAMINÉES POUR LA PROPAGATION DE LA MALADIE.

Compt. Rend. Acad. Sei. [Paris] 158: 1196-1198.
(7)
1923. LA ROUILLE JAUNE DU BLÉ (PUCCINIA GLUMARUM) EN 1923.

Compt.

Rend. Acad. Sei. [Paris] 177: 969-971.
(8)

1926. SUR LES BASES CYTOLOGIQUES DE LA THÉORIE DU MYCOPLASMA.

Compt. Rend. Acad. Sei. [Paris] 182: 1347.
(9) BiFFEN, R. H.
1905.

MENDEL'S

LAWS

OF INHERITANCE AND WHEAT BREEDING.

Agr. Sei. [England] 1: 4-48, iUus.

Jour.

512

Journal of Agricultural Research

voi. 36, NO. 6

(10) BiFFEN, R. H.
1907-12. STUDIES IN THE INHERITANCE OF DISEASE RESISTANCE.

Jour.

Agr. Sei. [England] 2: 109-128, 1907; 4: 421-429, 1912.
(11) BOLLEY, H. L.
1898. EINIGE BEMERKUNGEN ÜBER DIE SYMBIOTISCHE MYKOPLASMATHEORiE BEI DEM GETREIDEROST. Centbl. Bakt. [etc] (2) 4: 855-859,
887-896, 913-919, illus. (Abstract in Amer. Assoc. Adv. Sei.
Proe. 47: 408.)
(12) BROOKS, F. T.
1921. THE INHERITANCE OF DISEASE-RESISTANCE IN PLANTS. British
Myeol. See. Trans. 7: 71-78.
(13) CRAIGIE, J. H.
1927. EXPERIMENTS ON SEX IN RUST FUNGI. Nature 120: 116-117, illus.
(14) ERIKSSON, J.
1897. EINE ALLGEMEINE UEBERSICHT DER WICHTIGSTEN ERGEBNISSE DER

SCHWEDISCHEN GETREIDEROSTUNTERSUCHUNG.

Bot. Centbl. 72:

321-325, 354-362.
(15)
1898. PRINCIPAUX RÉSULTATS DES RECHERCHES SUR LA ROUILLE DES
CÉRÉALES EXÉCUTÉES EN SUÈDE. Rev. Gén. Bot. 10: 33-48,

illus.
(16)

1901-02. SUR L^ORIGINE ET LA PROPAGATION DE LA ROUILLE DES CÉRÉALES

PAR LA SEMENCE.
l-16a, illus.
(17)

(18)
(19)
(20)

(21)

(22)

Ann. Sci. Nat., Bot. (8) 14: 1-124; (8) 15:

1904-05. tJBER DAS VEGETATIVE LEBEN DER GETREIDEROSTPILZE, I-IV.
K. Svenska Vetensk. Akad. Handl. (n. f.) Bd. 37, no. 6, 19 p.;
Bd. 38, no. 3, 18 p.; Bd. 39, no. 5, 41 p., illus.
1905. ON THE VEGETATIVE LIFE OF SOME UREDINEAE.
don] 19: 55-59.

Ann. Bot. [Lon-

1921. THE MYCOPLASM THEORY—IS IT DISPENSABLE OR NOT?
ology 11: 385-388.
and HENNING, E.

1896. DIE GETREIDEROSTE. 463 p., illus.
Landbr. Akad. Exp. n:o 38.)

Stockholm.

Phytopath-

(Meddel. K.

I. B. POLE
1907. THE CEREAL RUSTS. I. THE DEVELOPMENT OF THEIR
MY CELIA. Ann. Bot. [London] 21: 441-466, illus.

EVANS,

HENNING, E.
1919. ANTECKNINGAR

OM

GULROSTEN

CPUCCINIA

UREDO

GLUMARUM).

K.

Landtbr. Akad. Handl. Och. Tidskr. 58: 401-418, illus. (Also
issued as Meddel. Centralanst. Försöksv. Jordbruksomrâdet
[Sweden], no. 192, 20 p., illus.)
(23) HUMPHREY, H. B., HUNGERFORD, C. W., and JOHNSON, A. G.
1925. STRIPE RUST (PUCCINIA GLUMARUM) OF CEREALS AND GRASSES IN
THE UNITED STATES.
Jour. Agr. Research (1924) 29: 209-227,
illus.
(24) HUNGERFORD, C. W.
1923. STUDIES

ON THE

LIFE

HISTORY

OF STRIPE

MARUM (SCHM.) ERiKSS. & HENN.
620, illus.
(25)

RUST,

PUCCINIA

GLU-

Jour. Agr. Research 24: 607-

and OWENS. C. E.
1923. SPECIALIZED VARIETIES OF PUCCINIA GLUMARUM, AND HOSTS FOR
VARIETY TRiTici. Jour. Agr. Research 25: 363-402, illus.
(26) HuRSH, C. R.
1924. MORPHOLOGICAL AND PHYSIOLOGICAL STUDIES ON THE RESISTANCE
OF WHEAT TO PUCCINIA GRAMINIS TRITICI ERIKSS. AND HENN.
Jour. Agr. Research 27: 381-412, illus.
(27) KLEBAHN, H.
1898. EIN BEITRAG ZUR GETREIDEROSTFRAGE. Ztschr. Pflanzenkrank.
8: 321-342, illus.
(28)
■ , ,
^.
1900. BEITRÄGE ZUR KENNTNIS DER GETREIDEROSTE. II. ZtSCUr. riianzçnkrank. 10: 70-96

Mar. 15,1928

A CytoloQical Study of Puccinia glumarum

513

(29) KLEBAHN, H.
1904. EINIGE BEMERKUNGEN üBER DAS MYCEL, DES GELBROSTES UND
üBER DIE NEUESTE PHASE DER MYKOPLASMA-HYPOTHESE.
BEI.

Deut. Bot. Gesell. 22: 255-261, illus.
(30) LiNDFORS, T.
1924. STUDIEN ÜBER DEN ENTWICKLUNGSVERLAUF BEI EINIGEN ROSTPILZEN AUS ZYTOLOGISCHEN UND ANATOMISCHEN GESICHTSPUNKTEN. Svensk. Bot. Tidskr. 18: 1-84, illus.
(31)

MARRYAT, D. C. E.
1907. NOTES ON THE INFECTION AND HISTOLOGY OF TWO WHEATS IMMUNE

TO THE ATTACKS OF PUCCINIA GLUMARUM, YELLOW RUST.

JOUP.

Agr. Sei. [England] 2: 129-138, illus.
(32) MASSéE, G.
1899. THE CEREAL RUST PROBLEM

IN NATURE?

DOES

ERIKSSON'S MYCOPLASMA

EXIST

Nat. Sei. 15: 337-346.

(33) NILSSON-EHLE, H.
1909-11. KREUZUNGSUNTERSUCHUNGEN AN HAFER UND WEIZEN.

LUUDS

Univ. Ârsskr. (n. f.) Afd. 2, Bd. 5, nr. 2, 122 p. 1909; Bd. 7,
nr. 6, 84 p., 1911.
(34) PESóLA, V. A.
1927. KEVÄTVEHNÄN KELTA RUOSTEENKESTÄVYYDESTÄ. Valtion Maatalouskoettoimin. Julkaisuja, no. 8, 176 p., illus. (With English
abstract, 22 p.)
(35) RICE, M. A.
1927. THE HAUSTORIA OF CERTAIN RUSTS AND THE RELATION BETWEEN

HOST AND PATHOGENE.
illus.
(36)

Bul. Torrey Bot. Club 54: 63-153,

M. L., and ERASER, W. P.
1927. A CYTOLOGICAL STUDY OF PUCCINIA CORONATA CDA. ON BANNER

RüTTLE,

AND cowRA 35 OATS.
(37) WARD, H. M.

Calif. Univ. Pubs., Bot. 14: 21-54, illus.

1903. ON THE HISTOLOGY OF UREDO DISPERSA ERIKSS., AND THE
PLASM"

HYPOTHESIS.

*'MYC0-

Roy. Soe. [London], Phil. Trans. (B)

1926: 29-46, illus.
(38)
1905. RECENT RESEARCHES ON THE PARASITISM OF FUNGI.

Ann. Bot.

[London] 19: 1-54.
(39)

ZACH, F.
1910. CYTOLOGISCHE

GETREIDES

UNTERSUCHUNGEN

UND

DIE

AN

DEN

ROSTFLECKEN
DES
J. ERIKSSON'S.

MYCOPLASMATHEORIE

Sitzber. Akad. Wiss, Wien, Math. Naturw. Kl. (1) 119: 307-330,
illus.
(40) ZUKAL, H.
1899. UNTERSUCHUNGEN ÜBER DIE ROSTPILZ KRANKHEITEN DES GETREIDES
IN ÖSTERREICH-UNGARN (1. REIHE). Sitzber. Akad. Wiss. Wien,
Math. Naturw. Kl. (1) 108: 543-562.

