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THE GRAIN RUSTS: THEIR HISTORY AND NATURE,
AND MEASURES TO BE USED AGAINST THEM

Meddelanden frAn Kongl. Landtbruks-Akademiens Experimentalflt
f.ports from the Experimental Wield Prof.Dr. Jakob Erikamon
of the Royal Agricultural Academy) Dr. Ernst Heriko
Vol. 38, 1910, pages 210-259

4. Pccing diskersa Erika.& Henn., nov.spec. - Brown rust.
"Plates -I1, Figures 119-123 1Not reproduced here].

-o� I. A dium Anchusee, - Aecidia circular or
FiIiijsIed, yellow-red, more or less swollen spots, formed

by preference on the leaf (blade as well as petiole) and
stalk, but also on the calyx and seed-bud. Spores prickly,
20-30 )& in diameter or 20-30 x 19-22 )a.

II. Uredo disperea. - Clumps (pustules) 1-1.5 mm long
and barely 1 mm wide, strewn irregularly over the whole
surface of the leaf without forming continuous fields, brown
(brown ochre, "sienna"). Spores spherical to slightly el-
liptical, prickly, yellow, 19-20 ) in diameter.

III. Puccinja dispersa. '-- Groups of spores, covered by
the epidermis, forming more or less continuous irregular
black borders on the under side, rarely on the upper side
of the leaf blade. Each group of spores divided into nume-
rous compartments, each compartment surrounded by a border
of brown paraphyses which enclose it in a ring. Spores
short-stemmed, for the most part long and claviform, asym-
metrical. The length of the spores 40-50 A, width of the
basal cells 12-15 it, that of the terminal cells 14-19 p.
Spores germinating as early as autumn. Sporocyst develop-
ing on the promycelium colorless.

iccatae: I [see Note). Brikeson, Fung. par is
(Anehusa ar ensis, SkGne, 16 August 1881). t dots
631 (A•. arvs , ,German, 22 August 1891). - Von Th4&en,

Herbo.o..oec. 267 (A. arrensis, Germany, June 1874); 452
Denmark, August 1876); M 230 (A&



I Germany, summer of 1874).
(Note] Only those aecidia forms are included here which occur on

Minebus a je s and A. officinalis, and which are the only ones that can be
asserted with more or less probability to belong here.

- II and III. Syd., Ured. 121 (11,111, Bromus mile,
- Germany, June 1889; ?628(f, B. lollis, GermanyJune 1892;

?629 (I1, B. sterilis, also on sheaths, Germany, June 1892);
?630 (II, B. tectorum, also om sheaths, Germany, June 1892).
- Von ThU.., H ?1 (II, Triticum vuliare, Bohemia,
June 1872); ?2-TII ,, Secale cereale, Bohemia, June, 1872);
Z. ?84 (II, Secale cereale, Austria, July 1871);
785 (11,117, Bromus mollis, Austria, June, 1871) Isee Note].

[Note] In the recently published fascicle 9 of Erikason, Pung3var
Sc . the following forms of this species appear: 417, f.sp. Sca (II,
Secale cereals, Exp., 14 July 1894); 418, f.sp. Tritici ( ti, Triticum wulsare,
Uxp., 13 July 1894); 419, f.sp. Agropyri (Exp., Triticum reneMs, II, 11 Septem-
ber 1894); III, 18 Septcaber 1894); 420, f.sp. Bromi (II, "romus arrs, Exp.,
5 October 1894); 421 (II, B. brizaeformis, Berg., 10 October 1894); 422 (11,
B. socalrins, Exp., 13 July 1887); 423 (II, B. arduennensis, Berg., 27 August
1891); 424 (III, B. racenosus, Exp., 15 July 1885). (The same number contains
14 numbers (402-415) of Puccinia PrnmirnLI, 1 number (416) of P. Phlel-pratensis,
and 6 numbers (425-430) of P. glumarum.] -Late note, 18 September 1895.

Host I. Anchusa arvensis (Sk.-IExp.). - A. officina-
li_ (Sk.-Upl., 0ster~ker, 5 August 1892: B.J. Hesselman).

II and III. Bromus arduennensis (Berg., II, 27 August
1891). -- B. arvensis (Exp.). -- B. Datulus (Berg., 11, 23
October 1891). -- B. s uarrosus (Berg., II, 6 September
1892). - Secale cereals (8,•I. Lee Note), Lyck~s-Upl.,
Wattholma). - S. montanum (Berg., II, 23 October 1891). -
Trisetum flavescens (Berg., II, 27 August 1891; 6 September
1892). - Triticum compactum (hxp.). - T. digccum (Rxp.).
- T. SDelta (Exp.).--T. vuliare (Exp.).

(Note] In the rye and wheat plots of the experimental field of the
agrionltur~il institute at Copenhagen this species was found in the greatest
abundance in the early days of July 1892, so that there is every reason to as-
smes that it must also occur in Skcne.

asriga . - If we wish to get from the descriptions in the
aviI~Ie literature a reliable knowledge of whether in
each case the brown rusi ( uccinia dispersa) which is to be
discussed here or the yellow rust IP. rluma.rm) discussed
earlier or perhaps a third closely related opecies is the
subject of the description in question, we do not arrive at
complete certainty in most cases. For it will usually be
found that the description in question partly fits one and
partly the other of the two species mentioned above, and
this is quite particularly the case when we take account
not only of what is said about the uredo stage but also of
what is said about the puocinia stage. The difficulty of
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forming a firm conviction in the question before us from
the information contained in the literature is also sub-
stantially increased by the fact that it is not yet known
whether the species of brown rust isolated here behaves
in exactly the same way when it appears in southern coun-
tries as it does in this country, and specifically whether
it restricts itself there, too, to the leaf blade of the
cereal species attacked, or whether in milder climates it
can also occur on other parts of the host plant.

There are only a few cases in which we can identify
our species of brown rust confidently from the descrip-
tions. We encounter the first case in Orsted, who in 1863
describes (1,100) and illustrates (Plate 3, Figures 2a7-3)"..
a form occurring on the blade of the rye leafthat has
"somewhat larger and'more oval clumps than the wheat rust"

.C ! ccinia alumarum) "scattered all over the blade of the
leaf" and possesses spores that are "almost oval or spher-
ical." There is no doubt that Orsted is concerned here
with aredo disperse itself, even though he assumes that it
is a form of "grass rust" (Puccinia .minis) which in at-
taching itself to the rye leaf has changed the shape of its
spores while retaining its color. This supposition of
Orsted's led Nielsen (11,375) in 1874 to undertake infec-
tion experiments with the oval-spored form occurring on
wheat stems and sheaths, and when these experiments produced
no round-spored, brown uredo form on the rye leaves he bad i
inoculated, the next year (IV,499,518) he attributed the
round-spored form to "wheat rust," with the explanation that
this latter species "forms rounder, scattered spots of some-
what darker color when it occurs on the leaves of rye, rye
grass, etc." No special infection experiments carried out
with the round-spored form are mentioned [see Note].

[Note] Bailey's representation of the species Puccinla "rubiam-se
in North America is especially notevorthy. If we wersto draw any conclu-
simns from the circumstance that in 1890 (111,6) he includes, as he had dane
earlier, the uredo forms of both Puccinia a1sminie and P."rubi-yvera" under
the name "red ruat," we might be inclined to conjecture that the American
Puccinia "rabiAo-vera" was really the P disipua described here, If not a
Species coinciding with it in color. But the same investigator asserted the
year before (11,7) that the wheat in Indiana was attacked by three species of
rust, which he called Puccinia maaminis, P. coronata, and P."rubimo-vera."
of which the "last two are subepidermsl" and the last (11,12) "the most de-
structive." The onJecture suggests itself that by Puccina coroneta Bolley
maY have meant our P. jjiu, but hardly P. dispersa. If this conjecture
should be confirmed, fuccinia diserea might turn out to be the most important
but not the only form of P .g r in North America.

We may also be sure that it must have been P)_•inia -
2eM, in the puccinia stage, that de Bary (V,209) hadbefo
hI~in 1865 when he performed his successful experiments of
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infecting Anchusaangrentsi (and A. ffticina•i) with teleuto-
spores, - the first and at the same time the only infection
experiments that have been carried out to our knowledge with
teleutospores of PuccLnia "rubiro-vera" on boraginacese.

a. The Rest Stae of the Punue - uRtin the Winter
1. Uredo Disperse on Cereal Seeds. - Like those de-

scribed earlier, this uredo form can, at least In certain
years, occur on the seedlings of winter sowings even before
the beginning of winter, although its intensity both at this
time and later in the spring and summer, at least in the vici-
nity of Stockholm, is less than that of the closely related
yellow rust. In the late autumn of 1891, in the examination
of the winter sowing field on 23 and 24 October, redo dip era
was found on only two rye plots out of twelve examined, while
at the same time Mrdg gluarum was found on all (97) wheat
plots and about half the rye plots. It is not impossible,
however, that if the examination of the plots, which at that
time was primarily aimed at the economically far more import-
ant yellow rust, had been carried out with greater exactness
than was actually the case, several other plots besides the
two rye plots mentioned above would have been counted among
the brown rust victims.

In the late autumn of 1892 U~edo 2tsperea was very nu-
merous on a large number of plots of both rye and wheat. At
the time of the first examination on 6 October, 36 days after
the sowing, on the larger experimental field traces of it were
found on three rye plots out of a total of thirteen examined
and on 27(-34) of 91 wheat plots examined. On the next examl-
nation day, 17 October 47 days after the sowing, it was found
on five rye and 42(-495 wheat plots, and on the last examina-
tion day, 7 November, 68 days after the sowing, on three rye
and 53 wheat plots, the number of plots examined being the
same on both days as on the first day.

During the same autumn the observations were made some-
what more often on a smaller experimental field which was
especially arranged for observation of the rust forms on win-
ter wheat and which contained 14 experimental plots sown with
13 different varieties of winter wheat. On this field spots
of brown rust were found

on 26 Septeber, 24 da afe the sowLn, on 0 % of the plots
" lOctober, 29 - 0 '25 % -
" 6October, 35 " " 42.8%
"* 7 Ootober, 46 " " " " 42. %
" 7l smber, 67 5 * U U '•i.1i % * U

It is the moat obvious assumption that these uredo
oolonies on +A$ &t ' origiated through infection by
uredoaporem from the t-infeoted ame plots,
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since infected summer plots were present in great abundance
and the uredospores of this species of rust generally show a
good germinating power. But if we assume this mode of origin
it is difficult to explain satisfactorily the long delay in
the outbreak of the spots. If In the case of the smaller of
the two experimental fields we deduct the not more than ten
days that elapsed from the time of sowing until germination,
we see that the time during which the leaves were exposed be-
fore the spots appeared on them was

19 dais in 25 % of the oases
25 %17.8% " "
57 0 143% " *

This time is surprisingly long when we compare it with the
approximately 10-day incubation period that we found in arti-
ficial infection experiments with this uredo form indoors.
This long delay in appearance of the spots in the field, on
the assumption that the sole origin of the spots is to be
sought in a uredo infection, compels us to assume further
that the cotyledons had been attacked by the intecting uredo-
spores not immediately after budding out, but only much later.
Such absence of infection in the first weeks appears not a
little strange, however, for we must assume that the supply
of infectious material at that very time is incomparably rich-
er and the prospect of a successful contagion much greater
than later. We can therefore hardly avoid considering the
question whether the source of the spots is not in greater or
less part other than that asesmed above.

Another conceivable explanation would be! that the spots
were due to an AeQidium, ALpprifoli nearby. T1e probability
of such an origin is practically nil, however, since that
aecidium was not present either in the experimental field or
in the vicinity, although boraginacea such as Nonn.eat Anhusa,
and S were by no means lacking there.

A third mode of origin of the above uredo is also con-
ceivable, namely infection from germinating teleutospores.
Grounds for this supposition could of course be found in the
circumstance that such spores occurred in great numbers on
leaf remnants left lying on the field from the wheat harvested
shortly before, and that these spores are capable of germinat-
ing throughout the autumn and late autumn, or in other words
at the time when the winter grain is sown and germinates. On
the other hand, as in the case of the species of rust described
previously, decisive proof of the existence of such direct
spore infection of the seedlings is lacking.

There is also a lack of evidence to explain these uredo
spots - as a fourth possible mode of origin - on the basis
of a contagious material hidden inside the seed grain.

fatisfactory explanation of the occurrence of this uredo



K form on the seedlings of winter grain becomes much more dif-
ficult in places where there is not such a multiplicity of
varieties of grain ripening at different times as there in in
the experimental field described above. Such a case came to
our notice when we found Uredo disperesa as well as Uredo 7lu-
r on rye seedlings that were sent to us from Ekeby, near

SUdertelje, 7 November 1892. In answer to our inquiry the
sender, Mr. J. Lundvall, stated that neither he nor his neigh-
bore grew summer rye or summer wheat, that the nearest summer
wheat field was about 1 1/3 kilometers away from the affected
rye field and separated from it by a projecting tip of wood-
land, and that while Anchusa arvensis could be found at adistance of about 2000 feet from the field, it had no detect-
able trace of rust on it and was not found in the affected
field or neighboring fields. These reports did not justify
us in attributing this species of rust either to a grain cul-
tivated in the vicinity, which might have been able to bear
the fungus in this uredo form in the late autumn, or to an
Aecidium Asperifolii occurring in the neighborhood. This
leaves only the assumption that the disease either was caused
by contagion from the uridineae of wild grasses, e.g. Bromus,
- an assumption, however, which is not very probable, since,
as will be shown later on, there appears to be a strict spe-
cialization of the parasite in this species of fungus as there
is in others (see Note], - or by germinating teleutospores,
which can be assmed to be present in the leaf remnants of some
neighboring field already harvested, or, lastly, that it had
its origin in a disease germ hidden inside the seed grain.
The extent to which it is justifiable to favor one or more of
these possible explanations must remain undecided.

(Note] According to the new investigations of 1894 (Eriksson, V,315)
the form on the Brm species does not appear capable of infecting cereal
specioe. -Late note, 18 September 1895.

In order to learn how and at what rate this uredo form
spreads on the cotyledon once attacked by it, on 7 October 1892
we had five wheat plants with rust on the first cotyledons dug
up from the field and transplanted in pots. The position of
the colonies was observed and described on the day of trans-
planting and also on 8 October, 9 October, 10 October, 11 Octo-
ber, 13 October, 15 October, and 20 October, or in other words
daily for the first five days and then every other day and
finally after three days. The results of this study of one
of the leaves observed for 13 days may be seen from Figure 53
[not reproduced here], the observations of the first 3 days,
however, 8-10 October, being combined and shown in the same
color (red), while the next five days are shown in a different
color (green) and the last five days with a third color (black).The .',ellow color shows the position of the original colonies
on the first day. The temperature during this time showed a
dayt.-me maximum of +4.50 to 14.50 and a low at night of +1.00
to +9.00, except for the last three nights, which were nights
of freezing weather with lowa of -20 to -70.
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If we study the data for these five leaves we see that
the original rust spots on the first day, 7 October, were
present in the following number:

3 on leaf number 1

Total I.
Of these original rust spots only one proved so weak

that its mycelium could not generate new colonies. The cases
were also rare (only two) in which the colony-generating
capftcity of the mycelium ceased on 10 October, i.e. three
days after observation of the first colony. In five cases
this capacity lasted for eight days, and in eleyen cases until
the end of the period of observation, or thirteen days. In
seven of these last eleven cases, however, the colonies came
into existence slowly, so that in coloring the illustrations
either red or green or both were unneeded. Especially in
these seven cases the possibility that the colonies appearing
later came from a new and separate infection is very great.
For it is quite conceivable that in the cases where such a
long time as nine days elapses before a new colony is added to
one that already exists, tke new one when it does appear is
the result of a new contagion, or in other words that its
mycelium possesses no real genetic relationship with that of
the old colony beside it.

If we turn to the original data on which the summary
given above is based we find that after the reading on 17 Octo-
ber, the day after which the temperature of the nights began
to fall below the freezing. point, a new colony appeared at only
one place. It therefore appears that in this case cold exerted
a considerable inhibiting influence on the capacitv of the my-
celium to form new colonies. From the time when the last pre-
cise observation was done on 20 October we have only notes of
28 October, when all five leaves were either more or less
withered or so thickly infected with Uredo Rlumarum and U. die-
versa both that an exact reading was no longer possible.

Of the new, independent colonies that appeared after
the first day of observation a relatively large number were
not accompanied by later colonies in their immediate vicinity.
Thia was true in 13 cases out of 27 on the five leaves. It
might be concluded from this that the later a colony appears
on the autumn seedling the weaker the capacity of the mycelium
-to generate new colonies and the earlier that capacity comes
to an end, whether an end for good and all, the common death
of the mycelium and the leaf, or only a winter sleep that will
yield in the spring to a new period of vitality. But among
the remaining 14 cases there are 9 sure and 2 lees sure in
which the uycelium continued for 10 days to develop colonies.
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Table 36. Uredo d1sx2er on Wheat Seedlings in Late Autumn I892

No o f C o 1 * n so oa f u a t Percentage of Leaf Surface with

Leaf 7 Oct. 10 October 15 October 20 October Rust Colonies in Comparison to

No. New Nw Ne the Entire srface of Leaves
silo VUlo a Total Total I Total -

Llac VOctl t0 OI ct 0Ot

1 6 4 10 8 18 13 31 3 5 10 16

2 3ý 4 7 5 12 1 13 1 3 4 5

3 19 18 37 15 52 36 88 6 12 17 28

4 9 32 41 33 74 43 117 2 10 18 28

5 3 15 18 10 28 4 32 0.6 1 4 5 6

How much the number of colonies on all five leaves grew
during the period of observation and how great a part of the
leaf surface was covered in each case is shown in Table 36. In
computing the part of the surface covered by colonies the size
of each colony was estimated to one square millimeter, and as

a rule decimal fractions were omitted.

It will be seen from the table that the part of the sur-
face of a leaf that the fungus gradually took up during the

thirteen-day period of observation varied widely, quite inde-

pendent of the apparent original energy of the fungus, but that
that part in no single case significantly exceeded one quarter

of the total surface of the leaf.

From what has been said it will be seen that this spe-

cies of rust even in the state in which it appears on the
seedlings in the late autumn shows definite characteristics

.in the manner of its occurrence and of its spread that differ
from those encountered in similar cases with the uredo forms
of black rust and of yellow rust. By its widely separated
colonies and the relatively insignificant growth of each colony
Uredo dispersa reminds us of U _ , but its growth re-

minds us of U. alumarum to the extent that it finally takes up

a relatively great part of the surface of the leaf, although
this goal is not reached by the direct extension of a single,

originally connected colony field, as in the case of the yellow

rust uredo, but by the development of a large number of new,

small, independent colonies (Figure 53). In the one case, with

Uredo Rlumarum, the cause of the finally great expansion of the
funGus, almost embracing the entire surface of the leaf, is to

be sought essentially in an inherently great developmental
energy of the mycelium, but in the second, with Uredo disp rsa,
primarily in a great readiness of the uredospores to germinate

and their tendency to generate new centers of the disease.

Apart from these differences between the two forms the differ-

ing coloration is to be observed that is characteristic of

them, the color of Urhdo dilerga (Figure 109) being yellow

ochre when it appears on seedlings c- hiefly reminiscent of



U. i,•raminis (Figure 1), which is brown ochre in color - while
light ochre is the basic color of U. glummrum (Figure 55).
This color difference of the three forms shows up be3t when
by good fortune the three are found on the same leaf (see Note].

[Note) Sometimes on sees leaves colonies of such indefinite yellow-
brown color are encountered that it is only by microscopic examination of the
aporeý that it is possible to decide whether they belong to Uredo grTminis or
to U. dispersa.

2. Hibernatinp, Uredo. -- If we consider the question of
the ;ignificance that this uredo on the seedlings of late au-
tumn may have in the developmental history and in particular
in the hibernation cycle of the fungus, the answer, as appears
from the observational data presented in Table 37 below, is
that this significance is slight. No influence on the early
date of appearance of the colonies in the following spring or
on the intensive occurrence of the fungus at that time can be

A discovered. Although there were still colonies on all the rye
plants listed in the table on 28-29 December 1891, the next
spring on 2 April new uredo colonies could be found in only
one case (no.1). It was not until about a month later, on 30

Table 37. Uredo dispersa in the Winter of 1891-92 in the Experimental Garden
Host Plant Trans- OD a t a o f 0 ab r v a t i o n

Obs Se- planted - 1.8 9-1 1'b 9- 2

l. specestate 1891 211-0 4-5/11 141112M/11 Z& VA MIA / 1
1 scale FSeed- 17/9 1 - .I ia lb • 1 0 , 0

cereale ling
2 " 1 1 l • a 0 • 10 . 0

3 1 1 la 0 0 00 0

4 " M 0 1 I sa 0 0 00 . 0

5 a " 0/9 0 1 . o 1 0 0 0 0 0

6 1 1 •b 0 1 1 .

7 5/10 I I b 0 0 • 0

8Brouus Dawn sown 1 1 1 1 1a 0 0
Ssecalms 255

Notes: a) Leaves with colonies withering. B) Leaves with colonies green.
c.) Colonies on both green and wilting leaves.

April, that colonies were found in two other cases (no.P and
no.6). The other four were still clean on 31 May. At that
time two of the cases that had had colonies in April (no. 1
and no. 2) were also clean. But this again affords no grounds
for inferences as to why the new colonies in the spring could
not be derived from the colonies visible in December. Of the
seven cases that had rust toward the end of December, two
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(no. 6 and no. 7) bore the rust colonies on green leaves, but
* four (no. 1 to 4) on wilting leaves and one (no. 5) both on

green and on wilting leaves. It would be reasonable to think
that the spring uredo would have to appear first on the num-
bers that already had colonies on green leaves in December,
but such was not the case. The case number (no. 1) that was
first noted as rusty in the spring had borne its colonies on
half-wilted leaf in December, and in two of the numbers (no.
5 and no. 6) whose colonies were on green leaves in December
there was still no spring uredo on 31 May. In no single case
was it oossible to derive the sprinp uredo colonies, all of
which were on fresh, green leaves, from the mycelium of the
autunn uredo.

b. The First Generation of the Funaus: the Promycelium Stage
1. The Time of Germination of the Teleutospores. --

Because of the successful germination and infection experiments
carr4ed out by de Bary (V,208) in the spring of 1865 with
hibernating teleutospores of Puccinia "straninis," which is
synonymous with P. dispersa here, as may be concluded both from
the description given by him of the progress of the germina-
tion ("colorless promycelium") and from the positive infection
results on species of Anchusa,- because of these experiments
de Bary (V,213) reached the-conclusion that the teleutospores
of this species, like those of Puccinia grarminis, "do not
germinate until after hibernation." He did note that in the
case of Aecidium Asperifolii "throughout the part of the year
that is not cold, from spring until late fall, and in fact
even in January, all developmental stages can be found." In
order to account to some extent for this phenomenon -- a phe-
nomenon whose explanation "at the time was no more possible"
than "that of the annual or perennial nature of other plants"
-- de airy resorted to the hypothesis that the teleutospores
which live through the winter germinate only gradually because
of the thick coverings of the spore colonies, which "gradually
weather away in the course of the summer," those uncovered
first germinating in the spring and the others later in the
year.

This view of de Biry's is found in the works of nearly
all investigators since. Only Nielsen (VI,47) in 1877 and
Plowright (VI,168) in 1889 expressed doubts about it. The for-
mer conjectures that these spores germinate in the same autumn
in which they are formed, since Aecgidium Asperifolli usually
occurs on the Boraginaceae which grow among the rye stubble,
and since the teleutospores were visible as early as the be-
ginning of June on the underside of the leaves; and he has a
good ground for his conjecture in the circumstance that he had
actually observed a germination in the teleutospores of a
closely related species of grass rust, Puccinia Poarum, in the
autumn. Plowright hit upon a similar conjecture in the autumn
of 1885. He had laid a sheaf of rusty wheatstraw in his gar-
den in August in order to have usable material for his experi-
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zmn•ts the next spring. To his surprise he found that a nearby
An(:husa that had never been rusty in earlier years bore fully
developed aecidia in September of that year.

In the investigations done during the last few years
at the experimental field to find out the time and conditions
of teleutospore germination of this species it has been found
that here, at least in-material taken from rye, ,ermination,
a. will be seen from Table 38, may take place immediately
after the complete development of the spores, and that if the
spores are kept in a protected place (barn, room) it may con-
tinue until late in the following year.

Table 38. Germinating Capacity of Puccinia dialpersa from Rye

Exp. Spore Material taken Where it had Date of Power to Germate

No. Crop at the been kept since Examination Degree t: t on ta• from Davs, K awys

1 1891 the room harvesting 20 Oct. '91 germinated 3

2 1891" " " 20 Oct. '91 " 2

3 1891 experimental barn " 31 Oct. '91 3 5

4 1891 0" 0October 11 Jan. '92 4 4

5 1891 "10 Oatober 13 Feb. '92 3 2

6 18 " " harveetina 11 July '92 3 4

7 1892 exp. garden (very fresh) 21 May '92 4 4

8 1892" -" 21 June '92 3 4

9 1892 the field 30 July '92 1 6

10 1892 the room harvesting 29 Sept.'92 3 1

11 1892 experimental barn August 1892 19 March'93 3 2

12_ 1892 laborator M 1893 8 My 193 3 1 20

13 1893 the field 9 Aug. '93 1 2

14 1893 the laboratory 7 bAgust 1893 19 Sept. '93 3 3

It appears as unnecessary here as in the case of the
teleutospores of yellow rust to have such atmospheric influence
as has been demonstrated for black rust in order to arouse the
capacity to germinate. How this may be with that form of Puc-
cinia dispersa that occurs on wheat, on the other hand, cannot
be stated with certainty. Oddly enough, the germination ex-
periments noted with these teleutospores, -- with the 1892 crop
of spores on 30 July 1892 and 8 M~ay 1893, and with the 1893
crop on 12 August, 13 August, and 16 August 1893, - gave a
aegative result without exception, whether the samples were
taken from the laboratory, from tae experimental barn, or
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directly from the field, and even thourh the material had
lain indoors from two to six duys for germination.

2. The Course of Teleutospore Germination. - It is
striking that the teleutospores of this species, although their
color is not essentially different from that of the teleuto-
spores of yellow rust, nevertheless show a very characteristic
difference in their germination, in that the outthrusting germ
tube, the promycelium, in this case possesses a content almost
as clear as water, with very little turbidity (Figure 170),
while the content of the promycelium of yellow rust is very
strongly yellow in color. When it first protrudes the promy-
celium is relatively thick (Firure 120 a). Very soon it
divides and branches, and its lowest member often grows to a
considerable length without further dividing, while the outer-
most members segment off into sporidia which are also color-
less (Figure 120 b). Sometimes, however, the proiaycelium re-
mains very short, as does its base member (Figure 120 a).

3. Infection Experiments with Puccinia dispersa. --
From the description given us by de Bary (V,208) of the course
of germination in the infection experiments done in 1865 with
the teleutospores of the Puccinia "straminis" occurring on
.Anchusa, namely that "the content both of the promycelium and
of tho sporidia is always oblorless," we may draw the definite
conclusion that de Bary in his experiments was dealing with a
"form of Puccinia dispersa. There was every reason therefore
to expect positive results from infections with this particu-
lar species, and, as Table 39 shows, experience confirmed the
correctness of such an expectation. It is at least evident
that spermogonia broke out on both species of Anchusa afteran incubation period of 1O-=1-days.

Table 39. Infection Experiments with bguccinna dispersa from Rye on Anhus_

Infectious j~nected Plants laces of Res uItsa

Experiment Material- - nfeton Final IncubationDegree of After Species -or No.Place No.of Period ofNo. Date Germinat- Days " Spots Spermogonia
Ing Powerl lFormed In Days .

1 29/9/'92 3 1 Anchusa arvenal 1 13 leaf 10

2 19/9/'93 3 3 A.officinalisI 2 l1 " * 112 11-15
3 91-9//'93 __ 1A. arven 1 10 I 9

Notes: 1) The infected plants had been moved from outdoors to indoors
on 12 September; control plants moved in on the same daq but not infected stayed
clean the whole time. - 2) Zw.. after 21 days no socidia had appeared, but only
spermogonia.
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c. Phe Third Generation of the Funrgus: the Aecidium Stp,7e
1. Aecidium Anchusac. -- It is remarkable that the in-

foruation that appears in the literature concerning this
acidium, which is commonly called Aecidium Asperifoli but
oul.It rather to be called Aecidium Anchusae, since the genus
Anehusa is the only genus of Boraginaceae from which or to
which this rust has been artificially transferred, is scanty
and as a rule would suggest a sparse ponulation. In 1872
Nielsen (1,326) writes from Denmar1k, "Although the family of
the Boraginaceae is hardly more abundantly represented any-where (in Denmark) than in southwestern Zealand, by a great
num' er of individuals of e.g. Echium vulpare, Anchusa offici-
nalis, and A. a rvensis," and "although Puccinia straminis oc-
cur.; very destructively there, especially on wheat," "never-theless, Aecidium Asperifolii is by no means abundant," and
"even where Anchusa arvensis occurs one must often search long
to find aeoidia." The same author (V,38) says five years
late3r that in Denmark "Aecidium Asperifolii has been observed
only on Lvcopsia and Anchusa, not on Echium, etc.," and that
"where Lycopsis, which is relatively rare, occurred in somewhat
greater.numbers, rust was observed on a few plants from the
beginning of June on until August," and lastly that "at this
time nothing was found on Anchusa," which may have been very
rusty "later, from the beginning of autumn until late autumn,
especially beside rye stubble and in its vicinity."

In 1875 KUhn (11,400) reports from Germany that "the
formation of aecidia may have dropped out of the cycle of
Puccinia straminis, which has done the greatest damage to
wheat (and rye) before its aecidium has been seen on the bora-
ginaceae," and Voss, who in 1878 (1,83) says he has searched in
Carniola often and in the most varied places on Anehusa and
Lycopsis for aecidia, explains in 1889 (11,49) that such aeci-
dia "havy6 not been found in Carniola on those plants, and on
Pulmonaria and 3 whytum. only sporadically - aecidia whose
classification as Puccinia rubiro-vera has not yet been suc-
cessfully proved." In 1882 Plowright (II,11) writes from
England that "the aecidium of Puccinia rubino-vera is very
rare," and that he had "searched for it several times, but in
vain," and Smith (1,181) states in 1884 that this aecidium is
"so rare" there that he has "never encountered it during his
thirty years' study of fungi." And in Finland this aecidium
had never been seen up to 1884, according to Karsten (1,30).

It seems to be the same in other continents. From Asia
Barclay (11,234) reports in 1891 that "although Puccinia
rubigo-vera in India as elsewhere is the common species of
rust on wheat and barley," nevertheless "no boraginaceae aeci-
dium is known there," and that although "all the collections
of boraginaceas belonging to the Royal Botanical Garden in
Calcutta have been searched through, not a single suspicious
leaf was to be found." Prom North America, Burril (I,P34)
reports in 1885 that *in Illinois aeoidia have been seen on
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no bora-inaceae other than oqotis verna, the aecidium of

which, however, he explains unuer the name Aecidium Mkvosotidis
as a separate form to itself, Lnd Farlow & Seymour (1,80) in
1880 know no aecidium of any Luchusa species in North America.
Finally, in Australia, according to Cobb (111,59), 189W?, "no
accidium has ever been observed on Archusa arvensis and L.chium.W

It is only from Denmark and very recently that a report
comes to us of the abundant occurrence of this aecidium.
Rostrup (VIII,65) in 1893 cays that the aecidia there "some-
times occur abundantly on -Lconais and Anchusa."

As for Sweden, it seams that here too, with the possi-
ble exception of the most southerly part, this aecidium form

- - occurs only rarely and sparsely. Only a few finds are known
4 • to us from the area around Stockholm. On a botanical excur-

sion to the island of LidingUn on 27 July 1892 we observed some
twenty individuals of Anchuia arvensis Crowing on a dry, sunny
bank of a ditch; one plant among them had on one single leaf a
beginning of spermogonia formation. During the same year at
Strengnis, inside the town itself, spermogonia were observed
on a single leaf of Anchusa officinalis. In 1893 this form of
rust occurred very sparsely on a few specimens of Anchusa of-
ficinalis on 12 September near llkistan (Stockholm), and some-
what more abundantly on self-sown plants of Anchusa arvensis
in the experimental garden of the experimental field, where
spermogonia began to appear on 8 August. It may be somewhat
otherwise in the southern parts of the kingdom, especially in
Skine, where it is by no means rare, in unharvested fields
of potatoes and beets, especially the former, to see Anchusa
arvensis and sometimes also A. officinalis covered with aecidia,
often in great numbers. This was the case e.g. in the environs
of IalmU in August of 1891 and 1892. In 1891 in the township
of hyllie, south of MalmU, aecidia were observed on 26 August
on young plants of Anchusa arvensis that had been free of them
a week before, and also on 19 August not far from the Ystad
railway station at MalmU on older plants of A. officinalis,
abundant in both cases. In the former place on the edges of
a ditch nearby Bromus mollis was growing, heavily infested with
Puccinia dispersa in the teleutospore stage; in the latter
place no rusty grass could be seen in the vicinity, and it is
also worth mentioning that the numerous specimens of EchLum
vulg:are that were growing beside the rusty Anchusa were quite
intact.

Besides the two species of Anchusa Just discussed, the
following boraginaceae are mentioned in the litereture aa
bearing aecidia and are found as such in the exsiLcatae:
Anelusa undulata from Germany (Sydow, Ured. 374), Borano offi-

,nplis from Silesia (Schr?Ster, III,325 , gerinthe alvina from
(?'Germany (Winter, 1,218), C. aspera from Italy (Lro.crLttoM.
896), C. mino from Hungary (Sydow, UreLd 280), CYnoPrloQ3UM
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officinale from (?) Germany (Winter, 1,218), C. virpinicum
from North America (Farlgw & Seymour, 1,80), Echimn vul.'are
from the Carpathians (Rabenhorat, Fung.euroD.t new edit.,
Series 2, 1036), Heliotropium curassavicum LAecidiui biforme
Pk.; Ae. Heliotropii Tracy & Gall.j from North America (Far-
low & Seymour, 1,80), Lithospermuz arvense [Aecidium Litho-

m ThUm. from Moravia jSydow, Ured. 577), NZyosotis verna
IAecidium yosotidis Burr. -from Illinois in North America

(Burril, 1,234) Nonnea ul.la from UiebenbUrgen (Linhart,
Funi.Huntt., 3275, Onosmodiu' ccrolnirAnum from North America
(Farlow & Seymour, 1,80), Pulmonaria officinalis (Aecidium
Pulmonariae ThUm. from Silesia behr~ter, 111,325) and Aus-
tria (Linhart, Fung.Hung., 1600), P. styriaca from Carniola
(Voss 11,49), Sennnmmarla maritima from Jutland (Rostrup,
VII,9), Syz;hvtum bulbosum from Italy (Saccardo, Dve.Ven., 41),S. officinale IAecidiumS yhyti ThUmj from Silesia (SchrUter,
111,325), Brandenburg (Sydow, Uj,, 122), and Italy (Saccardo,
?4ivc.Ven., 42), and S. tuberosum from Carniola (Voss, 11,49) andBavaria (Alescher, 1,28). It remains to be found out by ex-periments to what extent a greater or less number of the bora-
ginaceae listed above are or are not concerned with Puccinia
dispersa.

2. The Course of Aecidiospore Formation, -- In the
germination of aecidiospores, which in general takes place very
readily if the spores contain the necessary amount of moisture,
a thick germ tube protrudes, not branched at first, and filled
with an abundant yellow content (Figure 123 a). After 24 hours
the germ tubes have generally attained a length several times
as great as the diameter of the spores, and they also some-
times branch out at the tip (Figure 123 b).

3. Infection Experiments with Aecidium Anchusae. --
Because of these spores' generally good capacity for germina-
tion, a relatively large number of infection experiments have
been carried out with them. The material for these experiments,
which are summarized in Table 40 below, was taken in 1891 and
1892 from rusty plants of Anchusa arvensis that we had had sent
in from SkAne, since this aecidium is almost completely lacking
in the neighborhood of Stockholm. The infection experiments
of 1893, on the other hand, were done with the spore material
that had been taken from the rusty specimens of the same bora-
ginaceae which were found in that year in the experimental
garden of the experimental field.

It is very remarkable that of a total of 19 infection
attempts only those six showed a positive result in which the
infection was done on rye, while all seven experiments done
on wheat turned out neagtivs, not to mention the experiments
on barley (three) and oats (three), which were without success,
Just as these two cereals remained unaffected by the species
of rust in question under natural conditions. In the experi-
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ments done on rye the number of positive. results is no less
than 38 out of a total of 41 infected. The number of infec-
tion spots made in the experiments on wheat was 38, all

7 negative. With these results before us we cannot help but
assume that the form on the rye must be a different fvrm from
that on the wheat, and that the aecidium of Anchusa arvenais

* belonr3 to the Puccinia dispersa of rye, but not to that of
wheat.

In support of a similar view of the aecidium occurring
on Anchusa officinalig, namely that it belongs to the form
occurring on rye, we have the results of an infection series
reported by Nielsen (V,37) in 1877. On 13 October aecidio-
spores from the abovementioned boraginaceae were transferred
to eight wheat and twelve rye plants, all of which had been
raised in pots. A new infection with new fresh spores was
carried out on the same plants on the 16th to 18th of the same
month. On the twenty-sixth numerous uredo colonies appeared
on the rye plants on both sides of the leaf, but not a single
colony on the wheat - only pale spots. On 1 November the
first two leaves of all the rye plants were thickly covered
with colonies, but the wheat was still rustfree, with the
white spots dying out.

As against the specialization assumed here it may be
pointed out with res ect to the aecidium on Anchusa arvensis
that Plowright (VI,Il8) perceived the rust on Anchusa plants
in his garden for the first time after he had some time be-
fore laid a sheaf of rusty wheatstraw in their vicinity, and
with respect to the aecidium on Anchusa officinalis firstly
what Nielsen (M,37) adds immediately after the description of
the infection series Just mentioned, namely that "there was
better success with somewhat older wheat plants" -- though
without describing in detail any specific experiments at all
- and secondly the circumstance that in one of our infection
experiments described above (Table 39, no. 2) after the in-
fection transferred from rye only spcrmogonia and no aecidia
appeared.

The incubation Period, which according to de Bary (V,
. - 209) runs 6-8 aye and according to Nielsen does not exceed

13 days, ran in the experiments noted in Table 40 between-7
and 18 days.

d. The Third Generation of the Fungus: the Uredo Stage
1. The Time of Occurrence of the Uredo Stage and Its

Varyinp, Intensity. - In regard to the time of first occur-
rence of the uredo in the spring and to the intensity that
this species of rust develops in the course of the summer,
investigations have shown varying results in different years,
just as in the case of the species of rust discussed previous-
ly. During the first year of observation (1890) it appears,
- to Judge by the relatively somewhat scanty notes of that
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Table 41. Uredo and Puccinia dispersa on the Cereal Speciec
of the Ecxperimental Field in the Summers of 1890-1893

Number of Experimental Plots

4+ Winter Rye Sumner Rye Winter Whent Summer Whent:

Ott 0 , ,tisty, Rti

"a*t . . :1

I¶4 ; i6 * 12* ! I :ui) (

o-aJ z i i (|7' •'i 12D:1 *14

S -4 7.............
1 42

5 G 1 12
2' 2 8 2 1

l),)!i217 14' 741. I

1 7, 1 4 " 1, . .. 41 I

))I4 11 12 40 { ,t

12 12

6 7
1 ,; 12

I - •t -{ I I 1

- 12 1 11 77 . 7
I, 12 1 7 77

12i ' 1 1., 71 1 77

1 3 l 13 7 " ; 1 77 4OI . 1

" 3 * 13 13 8 M 7.1) 1 70; 40 40
3 10 13 8 •; 70 7 77 .t-10 40

'-. 0 3 1 2133 IN2

10113 8 - 14 4. -

a.'~: j G iaII2I 1 7
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time, when no adequately sharp dictinction between the forms
had been made, - that this nr.cies, as shown on Table 41,
appeared in the experimental field on 31 June in at least one
rye plot, and six days later oa six rye and thirty wheat plots,
and by the end of the month it had reached such extent ar•d in-
tensity in at least two rye plots that -- if we distinruish
two degrees of rustiness in this species of rust, namely 1 =
slightly rusty, 2 = severely rusty - the degree of rust:;ness
could be assessed as 2. The nýxt year (1891) this uredo
appeared in the experimental gCrden 4 May, but in the exreri-
mental field not until 7 JuLy, in both cases on rye, while on
the latter date nothing could be detected on the wheat of the
experimental field. It was not until the beginning of August

that the degree of rustiness reached 2 in two rye plots, and
only then did the wheat form begin to appear in all the wheat
plots.

The year 1892 appears to have been a favorable year for
this species of rust. In the experimental garden it was ob-
served on rye as early as 2 April, and in the big experimental
field, where rye plots and wheat plots were interspersed, it
was found on the same day, 15 June, on both rye and wheat, but
obviously further developed on the rye than on the wheat, for
more than half the rye plots were already infected, one of
them severely,while a considerable number of the wheat plots
showed only a trace of rust. Still earlier, on 4 June, it had
appeared in another, smaller experimental field exclusively

planted with wheat, in at least half the winter wheat plots.

The year 1893 is very peculiar. While this species of
rust was found very early, on 11 April in one rye plot and
on 19 May in one wheat plot, it did not really get under way
until July. Despite a long standstill it finally reached such
strength that this year more than any previous one, to judge
by the observations made at the experimental field, may be
characterized as a real brown rust year. By 29 July most of
the winter rye plots were as much infested as they can be by
this species of rust, and on 10 August it was the same with
the winter wheat plots. On the summer rye, a grain that had
not been cultivated on the experimental field in previous
years, it appeared for the first time on 10 July, and exactly
a month later it had seized possession of all the leaves pre-
sent in all plots of this grain. Finally, it got its hold on
the summer wheat somewhat later, from the middle of July until
the middle of August.

2. Non-Simultaneity on Different Cereal Species. s-
What has just been said is sufficient to raise the question
whether there exists such a substantial lack of simultaneity
of brown rust forms on the various species of grain, and on
winter grains and summer grains, as we found earlier for the
different forms of blaok rust and yellow rust. The conjecture
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that such a non-simultaneity might exist was formed in the

year 1891, the first year in which the relevant time ob;erva-
tions could lay claim to any r-rcat Naluc; in that year 'n
7 july two rye plots out of sevcn ware found to be infez.ted,
whiie at the same time not a ningle spot could be found on a
sinýie one of the 41 wheat plots examined. Still, the obeer-
vat~ons of that year do not afford &bsolute certainty in that

quEjtion, since a whole month passed from the first (>4 April)

to the second (25 Play) observation.

In 1892 the observations are more frequent, and the

question for that reason is better elucidated, at least as

concerns the forms of winter wheat and winter rye in compari-

son with each other. The two forms show a definite time dif-

ference, both as to the first appearance and as to the real

height of the season. That time difference hardly shows up

if we compare the rye of experimental field I with the wheat

of experimental field II; in fact the form in question is

actually noted earlier in the wheat plots of the latter than

in the rye plots of the former; but it shows up all the more

decisively when we compare the rye and wheat plots of experi-

mental field I with each other that were located together in

the northern part of the field. The figures of Table 4? give

Table 42. Time Difference in Appearance of Uredo dispersa on Plots of Winter
Rye and Plots of Wintei' irbeat in the jummer of 1892

P l o t s of R y e Su r r o u n d.i n r o t n o f Wh e a t

Rusty, by Degrees Number of These Still Clean

No. 2 July. 18 July 310 TJ7 u y

15 Jun 2 July 12 July No. INo. Tiros Differ- No. Time Differ- I.Time Differ-
ence in- Days ence in Days ence in Dayv

1 2 2 2 5 4 21 4 31 3 45
2 1 2 2 3 2 27 1 31 o i 45

3 1 1 2 3 3 27 3 31 2 45

4 1 1 1 4 2 27 2 31 2 45

5 1 1 1 5 31 27 31 31 31' 45

6 1 1 1 3 2 27 2 31 1 45
7 1 1 1 6 4 27 4 31 3 45

8 0 1 2 5 2 10 2 16 1i 28

9 0 1 3 3 10 1 16 1 28
10 0 1 1 5 41 10 41 16 i11 28

1 0 0 1 4 2 0 2 6 2 18
12 0 0 1 3 3_ 0 3 6 i 1 18

Note: 1) Two of these plots were planted with the variety "Michigan Bronze,"

which had been almost completely destroyed by yellow rust before the brown rust
appeared.
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some indication of this, for on 15 June no fewer than seven
plots of rye (out of twelve) were irfsted, one severely, while
on the same day and even 14-17 lays lter (part of the wheat
plots were examined on 29 June and the rest on 2 July) only
two plots of wheat (of some forty) showed a trace of this spe-
cies of rust. iot until 12 July, or almost four weeks after
the first appearance of the species on rye, was its occurrence
noted as a trace on a somewhat larger nnber of plots of wheat,
and it is to be noted here particularly that of these fourteen
only five were situated in the northern part of the experi-
mental field, where plots of rye and wheat were adjacent. The
other nine wheat plots were further removed from the infested
rye. Even on 18 July the number of rusty plots of wheat had
grown only insignificantly, from 14 to 19, and of the addi-
tional ones only two lay imriediately adjacent to rusty plots
of -heat.

The difference becomes still plainer when we investi-
gate how those plots of wheat behaved that were close besLde
the plots of rye, either so that the plots planted with dif-
ferent grains touched at the sides or else at the corners. This
is shown in Table 4ý. If we count from the first day when the
rust showed up on the rye to the first day when it was observed
on the neighboring plot of wheat, we find a time difference of

45 days in 14 cases,
31 " 19
28 " " 3
27 " "20
18 " " 3
16 7
10 " "9

6 5
but among these contiguous plots of rye and wheat it is noted
in onay five cases that the brown rust showed traces in both
kinds of plots on the same day.

But a non-simultaneity also seems to show up if we com-
pare winter grain and summer grain with each other. In the
summer of 1892 this uredo form was noted for the first time

on 4 August on 2 plots of summer wheat,
on 9 August on another2 " " "
on 24 August ft 7
on 29 August " " 2 " " "

The first of these observations was made 23 days after that
of 1? July, when the same species of rust had taken possession
of 14 (out of 41) plots of winter wheat. In 1893 we thus find
a difference of about two months in the first appearance of
this species of rust on wihter and summer grain and a differ-
ence of about three weeks in the heitht of the season. As
summer rye was grown in the experimental field only the last
summer (1893), the data for answerine the question as to whe-
ther there is a time difference for brown rust between the
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winter and sunmmer varieties of this cereal are quite scanty
in numbers. But these few C'2t_ voijit towtrd a time dffc'ence
of alout two months in the fir:.t -Lp e;rrance. Once the ru'it
had begun to show up on the a-ei' ry',, it developed such a
great rapidity of spread th;•t , difforence in the grc'at'st
incidence was only slight.

3. Germiratin' Cfnaci.ty of t4)e Uredospores. -- As a
rule the uredospores of thi3 s 1 6ecies Jhow a ,-ood j'erri-.t n
cnnacity, from the beginninj: of sprin- until late in the '-u-
tumn. Urdinarily the ger:m tube i•;s'e• from only one of the
germ pores, and is abundantly supplied with a yellowish-red,
grainy content, somewhat darker than in the case of Uredo
S :rum; it usually branches into nwnerous branches (Pigure
115). At the tips of these branches, however, the content is
colorless.

4. Infection hxperigints with Uredo dispersa. -- The
infection experiments done with the uredospores of this spe-
cies are surnmarized in Table 43.

The results of these infections point in the same
direction as the previously mentioned infection experiments
with accidiospores of Aecidium Anchusae and the observations
concerning non-simultaneity of the forms occurring on rye and
wheat. These results lead ts to view these forms as biologic-
ally distinct. Of all the experiments that were carried out
with spore material taken from rye, not a single one of those
done on wheat - although there were six of these experiments

with more than thirty infection points - resulted in the ap-
pearance of colonies, while on the other hand the two experi-
ments done on rye plants, with a total of only ten infection
points, had a positive result in nine cases. These experi-
ments taken together thus give well-founded cause for setting
up a f.sp. Secalis as a specialized form of the species Puc-
cinia dispersa.

On the other hand the results of the infection experi-
ments carried out with material taken from wheat are less
clear. The experiments were less numerous in this case, only
three in fact, and in one experiment there were uredo colonies
on rye, too, in two infection points. It is very easily pos-
sible that this result is the consequence of an impurity of
the material, since in one of these experiments (no. 11) that
was infected with this material colonies developed that looked
very like Uredo rluimar'•, while in the second (no. 11) out of
eight colonies two or perhaps three contained both yellow rust
and brown rust (Figure 69). Since thu infectious mtci.
was thus demonstrably a mixtur, t. , two forms U1r. 1p
f.sp. Tritici and U. dispersa J`2om wleat, we are juitifi-d in
the :assumption that the materil raight have contained U. dis-

ejr f.sp. Secalis from the beginnir.g as well, especially as
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this form w-s at its hei'-h't it -1bout tCis time on the ry: and
wao not farther thhan 30-5i m r •rcfm tho experimenUl -lot
frcr wiich the exporivaental -.a>Žri .::as taken. ?2urther in-
fection experiments are neei,..'ed. to decide •.heth~ r
such an assumption as the acov_:: is ,crrect. As thir..-s nflw
stcrn grounds are certainly not lacking for setting up a f.sp.
Tri7:,j within the specics P'c•.inia dicpcrsa as specialized.
L~C2 iNote.j

[Note] Later observations con:erninm tne specialization of this spe-
cies have been reported on the b,!sis of new experiments in 1894 (iEriksson V,
316). -- Late note, 18 September 1895.
e. Tie Fourth Generation of the Frznýus: the Puccinia Stamre

That the speed of development of this fun-•us is great
may be concluded merely from the fact that de Enary (V,910) in
his infection experiments with aecidiocpores of Anchusa arven-
sis started on 18 June 1865 was able to generate teloutospores
early in July. Another indication of the some thin,-, in Niel-
sen's infection experiments in 1875 with Aecidiu, Asperifolti
on rye, is the appearance of teleutospores on the twenty-third
day after the inoculation (23 August).

The same thing is shown by the observations on our ex-
perimental field. The puccinia stage was observed in 1890 on
rye in the field on 19 June, just six days after there had
come to be reason for supposing that that plot harbored uredo,
and i.t was observed there on w~h'eat (17 plots) on 8 July, only
eight to twelve days after uredo had been observed with some
certainty on the same plots. The next year the puccinia stage
was noted on rye in the field on 7 July, on the same day that
the uredo had first been observed in the same plot, and in the
summer of 1892 teleutospore spots appeared on the same cereal
in the experimental garden on 21 May and in the field on 30
July. In the summer of 1893 we observed in two infection ex-
perinents that were carried out on rye with aecidiospores
from Anchusa arvensis (Table 40, no. 17 and no. 19) that the
first occurrence of the puccinia stage in one case was on the

! fifteenth and in the other on the twenty-second day after the
infection.

f. The Cycle of Development

According to the representation just given we should
have to conceive of the developmental cycle of this fungus in
one or more of the ways suggested in Table 44 below. But fur-
ther investigations are necessary before we can decide which
of the modes of development actually occur in nature, for that
there are several is obvious, since Aceidium Aspcýrifolii, as
we have just brought out, is such a sporadic phenomenon that
the assumption of only a single development, the heteroecious,
does not suffice to explain what at loast appears to be the
widespread and general occurrence of this fungus in Sweden.
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The mode of developm2nt shown last here in the table
presents the greatest dffiiulty, since according to all we
know this fungus has such a sharply defined localization that
it occurs exclusively on tha blade of the leaf.

g. Localization of Uredo and Piccinia disperea

1. f.sp. Secalis. - 3ometimes in this fungus we find
in the uredo sta,-e, as soon as it appears in the spring on
the lowest leaves, a ring-shaped arrangement (Figure 110).
In the ring, whose greatest diameter in the lengthwise direc-
tion of the leaf may be 5 mm or even more, we see in the cen-
ter one or more somewhat larger colonies, and on the circum-
ference a great number of very small colonies. In this case
the spots take up several nerve fields; this suggests that
the mycelium has the tendency, when circumstances permit, -
that is when few or no continuous nerves block the way, --
to spread in rings,just as seems to be the case with several
uredineae that occur on wild plants, e.g. not uncommonly with
Puccinia Arenariae (Schum.) Wint. In this respect the myceli-
un of this species shows a distinct innate difference from
that of the yellow rust, in which such a ring-shaped arrange-
ment of the colonies is never observed. On the other hand
in those leaves which possess a number of continuous nerves,
or in other words in all summer leaves on the upper parts of
the planta, the uredo colonles are situated where they first
came out on the blade of the leaf (Figure 112 a), strewn over
that surface with no definite arrangement among themselves.
Even before they come out, small light spots are observable
(Figure 111 a). Sometimes when the uredo appears a dense
accumulation of pustules in the vicinity of the leaf fold
itself is observed (Figure 111 b). in a later stage of the

* disease the whole upper side of the leaf may be seen thickly
* covered with pustules (Figure 112 b). The whole appearance

gives an impression as if the leaf had been apattered by a
brush dipped in brown paint, and it is this scattered location
of the uredo colonies that led us to call this species dis-
nersa.

In order to learn in greater detail the way in which
thiL. uredo form spreads on a s amwer leaf once attacked by it,
at the beginning of July 1892 we made drawings of five leaves
that had been attacked by this species of rust shortly before.
Four of these rye leaves were examined three successive times,
on 6 July, 12 July, and 20 July; the fifth leaf drawn was
destroyed by accident. The results of these examinations are
shown in Table 45.

It will be seen that during the fourteen-day period
of observation the number of colonies grew considerably, and
in one case even multiplied fivefold, but nevertheless the
colony-bearing surface of the leaf, because of the smallness
of the colonies, still did not amount in the end to more than
a maximum of 25% of the whole surface.
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Teble 45. Urrdo disumrt•- on Rye Lelve-, in thc .iu:rr of 1892

Leaf iumber of Rust P u s t u 1 e .;urfce Covered with Rust ,'- i of
SNo. {6 July 2,12 JuY. .2Ž.Jul. Totnl Surfnce of Lplf

_ New TotVl New Tot,"l 6 July 12 July 20 July

1 7 12 19 333 552 0.5 1.3 25.0

2 9 13 22 287 099 0.4 0.99 15.8

3 37 11 48 173 ;2?1 1.9 2.5 IL.5
4 9 4 13 160 173 0.4 0.6 a.2

The teleutospore aggregates are found on the under side
of those leaves which bear or nave borne uredo aggregates (Fig-
ure 116 a), and are most numerous at the base of the leaf

Sblade. They form densely placed elongated stripes (Figure
116 b) covered by the epidermia.

The aecidia break out on the Anchusa species both on
stems and on leaves and calyces, and sometimes even on the
ovaries (Figure 121 a,b,c). The spots affected are yellow-
red, large, and more or less swollen and hypertrophied.

2. f.ap. Tritici. - In all essential respects the form
which occurs on wheat, both in the uredo and in the puccinia
stage, corresponds in respect to localization to the above-
described form which is parasitic on rye, though perhaps in
this case (Figure 113) the pustules are still more scattered
over the whole blade of the leaf.

With respect to the shape and size of the uredo pus-
tules this species, both f.sp. Secalis and f.sp. Tritici, is
ordinarily quite well differentiated both from black rust and
from yellow rust. Oddly enough, the pustules reach their
greatest extent on the seedlings of the autumn (Figure 109),
where they may have a length of 2 mm or even more. In the
summer, on the other hand, their length (Figure 113 b) does
not exceed 1 or at most 1.5 mm. The width hardly exceeds 1
mm. They are usually easy to distinguish from the uredo pus-
tules of black rust by their small size. Like other uredo
pustules, they open by bursting the upper covering pellicule
igure 113 a), when the brown spore dust is freely exposed.

The color of those uredo pustules that occur on the -
leaves that the plant beaza in the spring and summer is some-
what darker than the color of the pustules to be found on the
seed leaves. It approaches the brown ochre color of the black
rust uredo co closely that the two can hardly be distinguished.
Let us mention here again that the content of the germ tube
of a uredospore of this species is somewhat more strongly red
than that of the yellow rust.
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h. The Anatomical Structure

1. The Uredo Pustules and the Uredospores. -- In the
structure of the uredo pusitules no noteworthy difference has
been observed from that of other similar pustules. As usual,
the pustules follow the chlorophyll-bearinC parts of the
supporting surface, in this case exclusively such parts of
the leaf blade (Figure 117 a). Nor do the uredospores (Figure
114) seem to differ from those of yellow rust, either in color,
shape, and size, or in any other significant way. The dimen-
sions were found to be as follows: for f.sp. Secalis: dia-
meter 22-27 9, or in cases where especially long ones were
present, 24-28 x 22-?4 ); for f.sp. T:-itici: 18-26 p or up
to 22-29 x 16-22 )x; and for the form occurring on Bromus
secalinus: 22-25 p. The membrane bears numerous somewhat
separated spines, which appear to be arranged in quite regular
rings. The germ pores are wide apart; their number is at
least four. Sometimes between the uredospores we have observed
thin, paraphysis-like fibers.

2. The Puccinia Snots and the Teleutospores. -- The
teleutospore accumulations form almost exclusively on the un-
der side of the leaf blade (Figure 117). These groups of
spores, which are covered by the epidermis (Figure 118 a),
are divided into many compaitments, separated from each other
by numerous brown (Figure 118 b) paraphyses, and each of these
compartments contains only a few spores side by side. In the
cell stratum below them there are numerous haustoria (Figure
119 b).

3. The Aecidia Spots and the Aecidiospores. - In the
examination of very young aecidia stages, so young that the
spermogonia have hardly appeared, we have encountered under
the epidermis a peculiar type of structures whioh are very
reminiscent of those whidh Masses (M,47; plate IV, 1-2)
found in studying the aecidia on Ficaria verna And which he
regards as reproductive organs.

The aecidiospores are round or oval (Figure 173);
their diameter is in the first case 20-30 ), the diminsions
in the latter case 20-30 x 19-22 P. The membrane is thick-
ly covered with small, warty spines.

1. The Economic Importance

This species of rust has no economic significance in
Sweden to compare with that of black rust or yellow rust; it
has been considered as fairly harmless, especially as it does
not occur on any other parts of the host plant besides the
blade of the leaf. How this may be in other countries is still
to be investigated. The observations with regard to the sen-
sitivity of various types of wheat to this species of rust
will be reported in detail later.
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5. Puccinia simnlex (Oeke.) Eriks. & Hnnn. -- Dwarf rust.
Plate 41, eijures 124-128.

Diapnosis: I. Aecidiuti unknowm (lacking-?)

II. Uredo simplex. - Pustules extremely small, 0.3
to 0.5 mm long, U.1 to 0.2 mm wide, scattered in no order
over the whole upper surface of the leaf, leion yellow.
Spores spherical to slightly elliptical, prickly, yellow,
19-22 la in diameter or 22-27 x 15-19 a.

III. Puccinia simplex. - Groups of spores covered by
the epidermis, forming on the underside of the leaf blade
numerous extremely small point-like and on the sheaths
somewhat longer olack spots, Each group of spores divided
into compartments by brown paraphyses, often much broad-
ened at the tip. Spores pedunculate, for the most part
unicellular, asymmetric, sacklike or stretched diagonally
on one side, 24-30 x 16-18 )%, rarely two-celled, claviform,
blunted at the tip or pointed sideways, 40-48 p long,
width of the basal cell 16-18 p, of the terminal cellS~ 19-24 P.

Exsiccatae: Eriks., Fung. Paras. scand. 120 (II, Sm&l., 15
August 1882) [see NoteJ. - Linh., Ung. Pilze 127 (11,111,
Hungary June 1882). -- Rabn., Fun E 3214 b (I11,
Belgium). - von ThUm.,*Herb. myc. 5 (IIIII, Bohemia,
September 1872); 6 (III, Bohemia, September 1872); 101
(III, Germany 1867: F. KOrnicke); livc. univ. 831 (III,
Denmark, 18765.

[Note) The form also appears in fascicle 9 of this work, which has
recently been published, as no. 431 (Exp., II, "English early barley,"
3 October 1891; III, "Six-row winter barley," 20 July 1892, and "Gray
winter barley," 17 July 1890). -Late note, 18 September 1895.

Host plant: Hordeum vulgare (Sk., Alnarp - Gotl., Duneg&rda-- Exp. ).

sistorical: This form was first distinguished by Krrnzike
(according to Winter, 1,218) in 1865 under the name if
Puccinia straminis var. simplex. Ten years later it was
described by Nielsen (IV,567) as Uromyces Hordei, and in
1876 by Rostrup in von ThUmen's Herbarium Rvcologicum Oe-
conomicum 451 as P. anomala. It is commonly assumed that
P. Hordei Fuckel (1,16) is synonymous with this, but the
latter may be a different species, since the principal fea-
ture of P. simplex, the usually unicellular teleutospores,
is not attributed to Puckel's species. Fuckel's descrip-
tion as a whole rather suggests the conjecture that he may
have been dealing with the form of .lumamm that occurs
on barley.
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a. The Uredo St.qe of the Funi
Since this form of rust nnss c•.. ., only a very minor

significance in this country economic:ally, the attention that
has been given to it has boen relatively insignificant, and
for that reason the contributions thpt have been offered to-
ward describing its nature and developmental history are also
few in number.

The uredo stage appea:e(a on winter barley, which was
soim at the same time as winter wheat, on seed' 's in the
late fall -- in 1891 on 9 October in two experimental plots,
on 23 October on another, and on 27 October on another, and
in 1892 on 6 October, 17 October, and 7 November on six plots
-- as very small point-like pustules on the upper side of
the leaf (Fig-ure 124). An indicetior. of the way in which this
form spreads during the next 21 days over the leaf which it
has attacked is given by Fig'are 54.

After the winter is over the vredo again appears in
the spring or summer earlier, apparently, on winter barley
than on summer barley. It was observed on winter barley

in 1892 on 27 Xay on 1 experimental plot,
on 29 June on 2 more experimental plots, and

in 1893 on 10 August. on two experimental plots,
and on summer barley

in 1892 on 29-30 August on 17 experimental plots end
in 1893 on 4-5 September on 7 experimental plots.
Even then the pustule, arc very scattered and extreme-

ly emall (Figures 125 and 16G), incomparably smaller than in
any of the forms of rust described previously. They are

Slirht yellow in color, rather like those of yellow rust. The
S°" spores (Figure 127) are round or somewhat oval. The germ

tube that emerges from them in germination, as stated by
Nielsen (VI,49) in 1877, appears to be often branched.

b. The Puccinia Stane of the Funtnus
The teleutospore pustules also form Dointlike spots,

sometimes on the underside of the leaf and sometimes on the
stem (Figure 128). These spots are black and are covered by

* the epidermis. The tcleutospores are sometimes two-celled
-jand sometimes one-celled, but the majority are the latter

[see Note).
(NotJ The form of rust that KUrnicke (1,137) said he had found in

1885 on a barley plant from Persia and which hid two-celled tcleutoipores is
probably closely related to our P. rlumnrum f.sp. hordei if not actually
identical with it.
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Attempts to bring these spore3 to germinate were made
repeatedly in the autumn of la9g in August and September, the
last time on 29 S.eptember, but yoere not successful in a sin-
gle case. In the spring of 1893 these attempts were resumed
in !-lay. The material, which had be-n taken from the experi-
mental barn, where it had been kept over the winter, was in-
serted for germination on 8 7hy, btut still showed no germina-
tion on 10 Iay. It was diffferent wth a sample that was taken
from the experimental garden, where it had stayed in the open
throughout the winter, and was inserted on 16 May. This sam-
ple showed a fairly general germination after 17 hours. But
it was impossible to decide with certainty whether the one-
celled spores had germinated. T he tubes, which were pale in
color, came from spores lying together in groups, so that it
was not possible to distinguish each individual spore. Later
in the same year, on 6 June and 14 June, the material from
the experimental garden gave a negative germination result.

c. The Economic Imnortance

This species of fungus seems to have practically no
economic imDortance at all in Sweden. In Denmark, on the
other hand, as Rostrup (VIII,66) states, it occurs in the
ear, valves, and glume, as well as on the grains, causing
these last to become "empty."

6. Puccinia coronata Cords. - Crown rust.
Plate XII, Figures 129-143.

Diaonosis: I. Aecidium Rhamni Gmel. - Aecidia forming round'
or oblong yellow, more or less misshapen spots on the under-
side of the leaf, especially along the nerves, on the
calyx, and on the ovaries. Spores spiny, 18-25 x 14-19 p.

II. Uredo coronata. -- Pustules sometimes long, up to
9 mm, and somewhat coalescent, sometimes very small, in
some cases no larger than 0.3-0.2 mm in diameter, on the
blade of the leaf, usually on the upper side, rarely on
the sheaths, stems, valves, and glumes. Pustules reddish
yellow. Spores spherical to slightly elliptical, spiny,
yellow, 20-32 )a in diameter or 23-32 x 20-24 p.

III. Puccinia coronata. -- Groups of spores commonly
covered by the epidermis, at first often arranged in a ring
formation around one or more uredo pustules, later forming
black spots lying thickly strewn over the leaf. Groups of
spores sometimes divided into a small number of compart-
ments separated by brown psraphyses. Spores petiolate,
usually somewhat claviform, cut off diagonally at the tip,
with blunt proiections of varying length arranged in a

. The length of the spores 25-57 )a, width of the
as cells 8-19 p, that of the terminal cells 10-19 g.

Bxsiccatae: I. Cooks, Funr. brit. 7 (Rhamnus cathartics and



:mFrnri-iilfi Enw;1and, _- 365). -F Lrb. C-it. it,-1. 450
t~n.Pr vu1~,Italy, 1J59)> 14'c9( .:Jl,£iy)

h-iriks, :w'u2. 7n'ir. C~p d. 19 ( r~',Drottning-
hoimn, 2 Juno 1691) . -- Liah. , Ur ) 3 .h rti'
tia Budapeot, .Iay 1883); 3)9 k-C. r',=_ula, iltenburg,
suz-ner, 1304). -- yd. , Urc" 6, ~. C:t'hntl'r~, Hurngary,
July 16833); 463 GG.F~r~~ erilrly, June 1,9). -

von ThU cn,11rb. in-c. 212~ Fr-r lri, Bavaria, Juno
1874); 266 C>r._Crt', tic-i, :-Lvzr:.a, uutuc 1674) ,yqoth.
Univ. 2 _ Ih. /rnaN, vazia, T'~,104;32 .cathartica, Bavaria, 1874); 933 (_.:h._D rinoiden, Cane of
Good Hope, October 1876); 2~-i.auitr. 6ý6 ;-.. Franr&ila,
Bohemia, sprins, 1872).

II and III: Eriks., Tri -. prr. ncr-nd. 121 (III, LZ-ýrs
tis vnulrriq, SrA. cce ~2 oeNote J. -- Linh.,
tn~f. Pilne 36 (111, Pl- i]r1-nwnoa Hun-7ary, 16,92);
230 (11,111, Triticiri. rcý' 0'ttubýr 16-33); 3P9 b (11,111,
Glyeeria specta'biliS, iir; Ey epttcraber 1884). - Rabh.,
Fun,:. Eur. 692 (11,11, 1.ypnq op., Germany); 3510(I,
A~vena sterilis, France, YJ17,73. -- z~acc. &g. yen..1~(I
111, Triticiri rres It~..u~ 84; 47S, 111,
C-lyceria l tlal:, zpýte;-b(!r 1875); 480 (111
Lolium nclrqnne, Italy, 13Lmbr.75). -- Syd. Ured. 1PO
Mir. Glyve-,ria ~t~j~,Gucr-any, 26 October 187-907 171
(1II -Festuc a ocio, ~iWL July 1889); 264 (111,
Triticum re-ens, Germnany, 1 N-ovember 1885); ?72 (11, Aira
f1eruosa, Germany, July 1389); 315i (11,111, Hieroehlor". ep.',
Germany, August 1839); 3641 '111, iRolow: lanatus, Germany,
Awufust 18901; 563 (111, Avena hyh:-iart, Germany, October
1891); 564 (C~m-ots1no1tGermany, September

* ~~1891); 613 (111, Calama.!r'otio 'nxnca Germany, ?5
September 1891). -- von Tn~lien, P us-tr. 376 (111,
Caiarnagros is Epireios, Austria, autumn, lb71; open pus-
tules, habit similar to P. grwainini); 377 (111, Avena' sri-
tiva, Bohemia, autumn 1872); 634 (11,111, Ho2.cus Inrntus,

4 ~Bnhpmia, autumn, 18725; 945 (11, Holcun lanntur., Bohcmia,
summer, 1872); Herb.mvc. 51 (111, Avena gati~va, Bohemia,
September 1872);. 158 (111, iolcus molli~s, Bohemia, Octo~ber
1872); 311 (11,111, Festuca elatior, Germany, September
1875); Wye. uiv~. 1124 (111, ýIiolin~ia coerulea, Germany,
April, 1874).

[Note) In the recently published fr~scicle 9 this species also ap-
penrs: N~o. 436, f.sp. Avnn (Avcen' ri~tiva, Fxp., 11, 17 Septemnber 169)0;
111, 15 September 1892); 437, f.sp. Alopecuri (III, Alo ecuruspnrnton!sis
Exp., 5 October 1894); 438, f.sp. Fnstuc-e (III, Fe-tuc" nititioR, r~xp.. 5
October 1894); 439, f.sip. LoaUl (11, Lolium Pcpno P~orgnolm, 20 July 1894;
440 (II, Ai-rostis vulý:!rie, Eor-holim, 20 July 18)4); 441, f.~ip.
tin (11,III, Cnniroii nrnini.- ,xp., jientcmber lb)4); 4f.? a (i%
li~nce,1'itn, Berg., 11, 19 jeptr.nbsr 1:A, 1.; , lU G~ctober 1L)4); 442 b (11I,
C.T1MCntieq Barrg., 10 Octobfr 1! 44); 44,f.sp. Niolicne (Il, Melien
nutLrng, Exp., 23 September 1894).
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Host Plintg: I. L ycu-6ntsrtic• (-;-.,
Borgholm, June lýb: A. !k.nber,; -- Gotl., Visby, June
13^j1: G. "chotte -- Unl. , Upps:a:). -- h. FrpWuth (ia.,
r.nd: E. Ljun-strUmn, 1,120 -- Boh., SU1igvik: U. Lager-
hzim, 1,151 -- Gcstr., G'vlc: G. Schotte, July 1891). --

!(Z. '•r~difoii (Exp., artificial infection indoors; only
sperriogonia, out these in abundance).

I1 and I11. P,--osti.s ,nzsroris (Zrll. -- ic1s., RanmsYj.
?4 September 1891; uredo ony. -7-- Alopecurus pratcnsis
(Exp.). -- Avrna sativa (4k. - Dal., Mora). - Calamia-
imrostis annei (E . -- Festuca elatior (rxp-.). -

Lolium perenne (Sk., Lund: E. Ljungstrtm, 1,120 -- Exp.).
-- Xelica nutans (EXp.).

The following have also been reported as host plants
of this species abroad:

I. Berchemia volubilis (Farlow & Seymour, 1,15). --
F1 !amnus alnifolia (Farlow & Seymour, 1,15). - Rh. alpina
(Saccardo, 1,623). -- Rh. dahurica (Barclay, 1,358, India).
- Rh. lanceolata (Webber, 1,b2, Aebraska, North America).
- Rh. oleoide. (Cornu, 11,182, France). -- Rh. utilis
(Cornu, 111,2, France).

II and III. Arroctis alba (Dietel, 11,42, Germany).
-- A. Hookeriana (Diete_, IV,230, India). -- Aira caespi-
tosa (Dietel, 11,42, Gr r•ay). -- A. flexuosa (Dietel, 11,
42, Germany). - Androoo..oo Ischaemian (Voss, 11,48, Carniola).
- Avena barbata (Lagerheim, 111,8, Portugal). -- A. bre-
vjis (Kf-rnbach, I,10, Germany). -- A. elatior (Allescher,
1,28, Bavaria; Schr~ter, II1 324, Silesia; Dietel, 11,42,
Leipzig; Voss, 11,48, Krain LCarniola]; Plowright, VI,
164, England; Klebahn, 1,340, Germany). -- A. fatua
(..chr~Ster, 111,32, Silesia). -- Brachypodium. silvaticum
(Barclay, II 227, India). -- Bromus asper (SchrUter, III,
324 Silesia). - Bromus inermis (Schr6ter, 111,324, Sile-
sia5. - B. mollist (orauer, 11,223). -- Chrysopogon coe-
ruleus (Dietel, IV,230, India). - Cinna arundinacea
TWebber 1,62, Nebraska; Farlow & Seymour, 1,146, NorthAmerica). -- Dactylis rlomerata (Plowright, VI,164 Eng-

* land; Poirault, I, France; Klebahn, 1,340, Germany). --
SFistuca alopecuros (Lagerheim, 111,8, Portugal). -- F.
arenaria (Nielsen, V,40, Denmark). -- F. arundinacea
(Allescher, 1,28, Bavaria; Farlow & Seymour, 1,153, North
America). - F. distans (SchrUter, 111,324, Silesia). --
F. _,ipmantea (SchrUter, 111,324, Silesia; Voss, 11,48, Car-
niola; Barclay, 11,227, India). -- F. littorea (Nielsen,

* V,40, Denmark). -- F. loliacca (Xiurnbach, 1,10, Berlin).
- F. ovina (Nielsen, V,40, Denmark). -- F. rubra (Niel-
sen, V,40, Denmark). -- F. siivatica (Schr~ter, III,3?4,
Silesia; Plowright, VI,164, England; Klebahn, 1,34, Ger-
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S- ... .r~ ) ~t" .(]e>~, 1,23, Bavaria; K['rn-
b--ch, 1,10 u l n;• h'~•, 1 l1 - " ,. * `,. 5,, Siles~ia; Diets] ,

if, 42 LeipziJ; Voos, II,4E, Carnioea; Poirault, I,
2rance 5 . -- H. nollis (A:lescher, 1,28, Bavaria; Schr'ter,
hI1, 324, SiLesia; Plowr:.-ht., Vi,164, England). -- Hor-
&Žum vul-,re (Miclsen, VI,4B, Denr.rk; Bolley, II,7, Indi-
ana; PamjuiU, T2, Iowa; Lov,:rdo, I i!l). -- T.oliuO nti-
f!orui (Schruteor, 111,324, Silesa).--L. ,o-''n
TL-chrrter, ITI 324, Si.er .-- ;sin c.o, --;i',i (i'itel,

1,42, Leipzir). -- Phn!:-r: i;'.l"i, (Ai-chur, ,1,28,
3.varia; SchrUter, 111,324, Scilsia; -'arlow & Seymour, I,

1-3, North A merica). -- t hociformo (Barcl ny,
Ii,?27, India). -- Poe n-,. m• (Vos il,4B, Carniola).
-- P. trivirlis (Voss, 11,4L- arniola). -- Scolochios
f•,stucacca (iýrnbach, 1,10, Bcrlin)• -- Secele cereale
(3olley, 11,7, Indiana). -- Triticun caninum (SchrTter,
111,324, Silesia). -- T. ,r~ucvn (o'obber, 1,62, Nebraska;
Farlow & Seymour, 1,146, Etorth America). -- T. repens
(3chrbter, 111,324, Silesia). -- T. vulgare (Burril, I,
200, Illinois; Bolley, 11,7, Indiana; Farlow & Seymour,
1,155, North America).

Hiotorical. -- The aecidium stage of this fungus is described
in 1791 by Gmelin (1,1472) on Rh!amnus -- species not given
-- under the name Aeccidiwo Rhatni ("thecis cylindricis ro-
seis, seminibus aurantiis" L';ith rose-colored thecae and
golden seeds]), and ten years later by Persoon (11,208) as
Accidium cracsum. In 1803 Schumacher (1,225) divided this
aecidium into two species one of which he called Ae.
Fran-u?,lae ("ore integro" [with the mouth whole] on Rh.'mnus
.Franula, the other Are. Cr.tharticse ("ore crenulato" Iwith
the mouth crenulate" on Rh. eathartica. Just two years
later Lamarck & de Candolie 11,242,244,245) described no
fewer than three Rhcau-mus aecidia, one called Ae. Rhamni-
alnini, with circularly arranged sporecases, on Rh. alnina,
a second called Ac. crassum on Rh. Franp-ula and Luonymus,
and the third Ae. irrerulare on Rh. cathartica. The last
two bore spore cases which were grouped with no particular
order and were distinguished from each other only by a
somewhat different coloration of the aecidia. In 18?5
link (I, plate 2, 60) -- while at the same time criticiz-
ing Lamarck & de Candolle's differentiation of the forms
-- himself set up a Caeoma crassatum on "Rhamnus species,
Prunu9s s-inosa, and other rosaceae," and a C. Rhamnat=m
on Rh. Frnn.-lu%, the for.,ier of which he includes in a

'oup that he calls C. rvsrrs-trtq ("pscudoperidiis emer-
sis" twith pseudoperidis turned u-pward]). A further -,roup-
ing is found in Wallroth (1,257), whu in 1833 puts all
-nhamnus aecidia down as a subdivision e*) Rhjn•oim of Ae.
poculiforme on Berberis and on Phallyrea, a species of
aecidia which also includes the aecidia on 1,ionvyu•,,.
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Lat we find thC accidia of t;,-. cxrýnon ih-,ni-3 species
sometimes separated arvain, a:, i-n Zick lI,4?) in 7, who
includes Ai. cr.. znum on Rh~nw; ?r:.nuua with a subspecies A)
depauppratum which also occus on t.ie same Rhamnus species
and sometimes on the same leuves as the main species, and Ae.
Rhanni on Rh. c-thýrtica and Rh. ap.2 .

Next in timc nfter tv•r rcidics~age the puccinia titage
was distin-uiched, fir• t by Cuiua (1,6) in 1837 under the
nare Puccinia coro•,-tn, if we nre to assume that although
Corda states that his fun,-,ua occurred on the leaves of Luzula
albina and draws it with very sharp points on the crown, he
did have the same snecies of funLus benfore him that is called
crown rust in thest idays on oatsi, rye 6rass, and other grasses.
A few decades ago there were Creat misgivings about such an
identification. For that rersc:n in iel- ium first Authieu (I,
434) in 1853 and after him Wectendorp (1,235) in 1854 dis-
tingluished the form of crowni rust occurring on rye grass as
P. c.ronata var. Loli__i Bellk., characterized by blunt prongs
on tie crown. In .turm'sFlorE von 1rutschland (Flora of
Germany) (1,5) Preuss in 18):, accepted a new species, P. ser-
tata, with blunt prongs on the crown, which was said to oc-
cur on "the common cane" (? = Calamarrostis sp.), while
Corda's P. coronata was "found in the same place on the leaves
of barley." And apparently, inciependent of the view of the
two Belgian researchers mentioned, Nielsen (IV,551) in 1875
set up the crown rust of rye grass "tentatively" as a species
to itself, PuLccinia Lolii, beside P. coronata on "oats, bar-
Icy, and other grasses." Two years later, however, Nielsen
(V,39) no longer speaks of the new species, but counts the
crown rust of rye grass with Corda's species.

In recent decades, in fact since de Bary's analysisof the main lines of the developmental history of the crown
rust of grain (1866), although the above difficulties con-
cerning identification have still not been entirely overcome,
in general de Bary's procedure has been followed and all mis-
givings discarded, and the highly descriptive name Puccinia
coronata has established itself, with Corda as its author,
for the crown rust of cereal and grass species, with all the
more justification because no one has since succeeded in find-
ing a crown-bearing puccinia species on Luzula or in fact any
other species of rust thus endowed than that of certaiD grass
and cereal species, although the number of all puccinia
species so far described now amounts to some 500.

Very recently XClebahn (1,340) in 1892 divided this

species into two, P. coronnta I (P. corornta in the narrow
sense) on Dacty! s inomerntp and /Osticp aitvatica with aeci-
dia on Rhamnus Fran -v1, and P. coro;, ta II (P. coronifera)
on Lolium perenne. Avena s.tiLvL, A. e1atior, and Feotuca ela-
tlor, with aecidia on Rh. cr.•. ,rtlc.
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V

On the sare principicz that ,ie have followed in deal-
inC with the s-ocicj of -rut described enrlier (cf. pages
90 ff. above [i.e. in the original workJ), we group the
tiro species, as well as other little-known or unknown forms
of crown rust on grasses, tentatively under the common
designation Pucetnin cori.ta.

The uredo form of this funvuo appears to have been iso-
lated at last. The firort sure description of it is given
by Fuckel (I,10) in 1860.

a. The Restin;, Stiee of the ?Lrs Drrin- the nter

Since this snecies oý ri'lt nttaeks only oats .among the
cereils, and since ,?he wint :.ti, .hilch cannot endure the
winter in Sweden, has been gro..n on'y to a very insi.-niffcant
extent in the experimental field, n=-cly in the autuan of
1892 in one experimental plot cf the field, and besides that
in very small quantity in the experimental garden and among
barberry bushes, we have had very little opportunity to ob-
serve and follow any occurrence of this species on seedlings
in the late autumn. If we inscstcd on drawing conclusiors
from these few observations we should have to believe that
this species of rust does not occur on the young plants in
the late autumn, for at neither of the two plantings mentioned
was it possible to discover even a trace of Uredo coronata,
altAough this species of rust occurrolquite abundantly on the
adjacent summer oats plots of the experimental field, and on
neitaer of the two places was the winter oats able to endure
the winter cold.

It was otherwise in the autumn of 1891 with the seed-
lings of summer oats that had sprouted up at that time on the
experimental field from grains dropped there. Several of
these seedlings in addition to the black rust uredo bore Uredo
coronata as well, and this uredoform could be found as late
as 24 October, and on plants that were transplanted from the
experimental garden even as late as 5 November. Since all
such plants freeze with the onset of winter, even this find-
ing can offer no proof for the assumption that crown rust
winters in the uredoform on oats.

This does not exclude the possibility, however, that
this is the mode of spending the winter in other forms of this
species of rust which occur on certain wild or cultivated per-
ennial grasses. The conjecture that there is such hiberna-
tion in several of them is found here and there in the rele-
vant literature. Thus KUhn (11,401) says in 1375 that crown
rust lives through the winter in the uredoform on Holcis
lanatus, for "in the middle of the winter the uredoforn is
found in all stagcs of development in fall sproutin,-s of this
grass," and he even adds, "the uredoform that has lived
through the winter develops further uninhibitedly in the
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1 Von Thi?.":! (11,24) c'lys the snme thin- in 1836
about0 crown rust: "uredospores also live throu.',h the winter,
chiefly on species of grass that Crow wild, and the youn•t
oat crop is then infected by them in the spring." But B:tr-
clay (11,228) expresses himself most circumstantially, when
he says in 1891 that in India in the Puccinia coronnta var.
himalensis on Piotatherum holciform, and -?ctu(-i -" t.0-e
the uredo pustules are to be soon "in abunuance thrcu'-hout
the winter in shady places and in the beginninc of snring on
tender, still undeveloped leaves." The cause of this pheno-
menon in his opinion lies "either in an uninterrupted produc-
tion of uredo throu.7hout the year" or on "the mycelium's tgur-
viving in the root." Barclay himself, however, calls the
first assumption "an improbable hypothesis," and as to the
second he states that "in the L;icroscopic examination of the
root no hyphens have been found," though at the same time he
mentions experiments that make this assumption probable to
him. "At the beginning of thp spring a plant with dry
leaves bearing numerous telflutosoores was du, out of the
ground and the plant was kept in a laboratory with its roots
in watter that was regularly renlenish2d. After a short time
the rlant developed new green leaves, and on 17 May a few
uredo pustules were found on one of them, thus showing in an
almost decisive way that the mycelium is perennial."

To get a more detailed knowledge of how it may be here
in Sweden in this respect, £n the autumn of 1891 we planted
a number of wild grasses that bore uredo in the experimental
garden and examined the planted individuals several times in
the course of the winter. The results of these observations
are shown in Table 46, where 0 represents the absence and 1
the presence of uredo pustules on the plants observed.
Table 46. Uredo corornte on Several Species of Grasses in the Experimental

Garden in the 'inter of 189J-1892

No. iSpecies of Gross Date of Observation

3 ,lriti I , joI...n.. ............. I I 0 0 U0

4 •A|,j,,ars,•t. j nmti m,'tiO . I I "I I

5 "€lu'••h lo ... . . . . . .. 1 I () 0 0 I 1 0
~. . . . .. .. .... i 0. • .I

7 be |im perm.e1 . .' . . .'

Notes: 1) On withered le:ive; -,ener'lly. - 2) Some green lcives were
to be found. - 3) Whether the form on these host plants really belone:s to
Puccinia coronatn is not quite clear. -- 4) Ilew leaves rustfree; uredo gen-
eral on withered ones.
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In no c,,e did we zuccc:d in fiindng a sin-!e newr uredo
pustule on the tra:n plante(, p.lýnts i. the new year, at least
before the end of .:ay, alithou!h by tho,-t time and in several
cases even one to two months earlier preen leavcs occurred
geneprnlly. The' Kho--"t eus thue do not attest the hvyo-
thesis that the urco live.; throi.-h the ,inter on wild 1!rasses.

Meanw,¢hilc during the same winter on one of the species
of grass indicatcd here, l',Iica n:½',r row"i-,,n. outdoors in
the woods of the experirmn-ial :iTl6 (at :he S4bstuuan), the
uredoform was found on withered, cruatpled leaves not only on
31 11ovember Lsic] but also on 5 Aprit, still canable of
gerninating on the latter zatc, and ,n 27 I.'ay fresh uredo
pus•ules were to be seen on newly zprouted leaves at the same
spot. The next winter, too, uredo capable of germinating
were found on withered leaves of this grass on 1 December
1892. Germinating experiments with m3terial taken from the
same place on 18 March the neat yenr -:ere unsuccessful, how-
ever, as no germination had taken place after five days.

; ~b. 'ýhe Firrst Gu.rr,-ý-tion o- -L, Y~• ,ePO•,cl'mnr
ir1.".r- th~e Pr ,ovcclium -3tae

1. The GnŽr!uatirn Season of the Teoeutosnorps. -- As
to the time when the teleutoszpores gCrminate, de Bary (V,Pll,
213) says in 1866 that gerilination takcs place "after hiber-
nation," early in the spring, and that "at the end of the
spring no unCerminated spores capable of gcrminating are to
be found outdoors." The sare opinion is expressed in all
the more recent publications as well. And from India Barclay
(11.230) writes in 1891 that the teleutosnores of the form
which occurs on Brachyvodi-om nilvat ci-e germinate after the
win. er has run its course, "ftom :-te end of Mlarch until Au-
gu. ;," but those of the forms which occur on Pintatherum hol-
ci-rme and Fertuca elatior "carlier, in the laboratory as
early as 15 iebruary."

At the experimental field in October 1891 the capabil-
ity of the teleutospores of the forms occurring on Festnca
elatior and CP1PmPr-rostis arureinacea to germinate was tested
in numerous experiments,but always without result. At the
beginning of Zay of the next year, howvever, the spore material
taken from Pestucn elatior showed rapid and general germina-
tion after only 24 hours, as did the material obtained from
Alonecuru. nrateno!s. Generally the gerrination of both
forms was on 25 •,ay that year. In the last-mentioned cases
the material had stood outdoors throughout the winter. In
the spring of 1893 the telcutoopores generally germinated on
25 •ay after 16 hours in the form on aAren.. .timr.., which had
also been outdoors over the winter, and its gernmination last-
ed until 2 July. After that day, on the other hanc, the ger-
mination results were poor, probably because the majority of
the spores had already germinrated before they wore inserted
for germination.
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~.h~m'--oVt- n ~~in. -- 'ihen
the .Cleutoo -. ,.rc.J7T:. t wxŽ, in' Th,' tunil wnv
Generally first enerjos fr tP.: i',rr. c-ll (ir~urc 1i36,
and then also from the baze ca11 an the form of a thick,
strong thread. From the terminal cell the Zerm tube pushes out
between the prongs of the croea, from the b-se cell directly
beneath the partition wall. The content of the promyceliurI,
like that of the sporidia, as de fary (V,211) notud in 1866,
is yellowish red in color. Bat here, as in the (-crmination
of the teleutospores of black rust (c'. Page 56 above [i.e.
of the original work)), sometimes no sporidia formation takes
place. Only a lon- protruding, much branched, sterile pro-
mycelium develops Figure 138).

Because of its strong1y yellow-red colored spocridia
this species is very well suited to microscopic studies of
the course of the sporidia foraation. Accordingly, in the
spring of 1893 very numerou2 studies of this species were done,
some on a glass disk as a base, and some on strips of epider-
mis taken from rhamnus and cat leaves. In the experiments
done on the glass disk (Figure 140) a germ tube of varying
length usually developed. In the experiments on a living
base, however, the germ tube showed a definite reaction to
the base; this was just as unmistakable when the base was
taken from an oat leaf as frpm a rhamnus leaf. As soon as
the tube had reached the wall of a cell beneath it, its
growth in length ceased. If the underlying l4yer of cells
was the epidermis of Rhamnus cnahartica, the tube bored direct-
ly through the epidermis wall with its tip and emptied its
colored contents into the hollow of the epidermis cell in an
irregularly branched thread (Figure 111). Sometimes hardly
any germ tube developed, but the pointed end of the sporidia
forced its way in directly in the same way.

The reaction of the sporidia thread or of the spor1dia
to the underlying strip of epidc'rmis from an oat leaf (FiCure
142) was also very peculiar. Here agsin a rapid pouring out
of the colored contents took plz.ce without the previous forma-
tion of a germ tube (Figure 142 a). In several cases it even
anDe2-ed as though this ovt~ourinr weire connected with a
borin. throug-h the enidermis vail. We did not reach complete
certainty in this matter, however, since at the beginning of
July, when these experiments were in full swing, the germina-
tion of the spores began to decrease and finally stopped al-
together. It should be superfluous to point out how important
it is to achieve complete Oertainty concerning this phenomenon,
for here lies the solution of the question, both theoretically
interesting and practically important, of whether a direct
sporidia infection of the hosts of the uredo and teleutospores
actually occurs in this species, and in that case probably in
other heteroecious uredineae.
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In so.e . -' - the VIC ] r2 c.d-,r sporidia
wa so ro0b:orv- i: th~ !IiL- 'i ~.-U' 1'b

The :irst successful infccc.:-:n wihri:enJ wii - lDoridia of
this znecies that are ncntioneei in tha literatt're are those
of d,: Bary (V,211) in 1365. The srnci.s of the host plant
from which the t'leutosncrea we're I -.̀i not -_iven, but the
aczs=ntion that it oao .o"f 'i-,? -•• cir si .,robr:.bly
not 'n" ..njustiied, SInce .cil-o ...... ..n.I- only kind
of Cass on which this funi-.'ý "is foune '-• rcforence outdoors."
An inoculation done on 25 . o0. .'.. _ -rodu,ýcd
yellow -pots on the inoculnt- .. tre ie,.e ftor 10
days and spermoj;oni. and acci:i• c.ortly afterw:ý,rs. After
that time as far a:; %o 1-now no ',nfccLion. ... eri._,•.tn of that
kind are m-ntio:-cd iintil to.:-rd the ;n" o7 the cigh;tics Plow-
right (VI,161,) in 1839 report-s that ia nu-merous cultures he
produced aecidia %-ith teleutosnores from Teetvs r• rp.reta
and Zcetuca 2vatiea on nc;-" rý ..... , but never on that
host plant when he got the iitcrial Zrom 2o._iun nrrenne.

At about the snme tinc Býarclay (11,?32) carried out
his experiments in 11,iia %ith the for-3 that occur there.
The first of these exoeriments was done in 1889 on .5 June
with material that had been-taken from -- chvpM silviticum
on R"i. dahurica. After nine days nrumerous sper;lo~ionia had ap-
pearzd, and after 29 days young accidie. In 1690 Barclay did
ten in.fection cxneriments on the same rhamnus species from
11 April to 2 Juiy with material that he had gathered from
16 January to 5 February, pa_'tly from Erachypodivi, partly
from Piptathenuti, and nrartl.v 'o" - stuca. The three inocu-
lations with maturial from - 'o in particular yielded
beautiful positive results, -- ea:&sonia beginning after
5-6 days and finally aecidia in two ceses on 27 of 5? inocu-
lated leaves, and in the third case "numerous aecidia spots
on a number of leaves." The experiments done waith material
gotten from intatherp had a somcwhat inferior result (4
cases), for only 13 of 64 inoculated leaves gave a positive
result, and this was also true of the experiments done with
the material gotten from "Pin,,r-. or ?nstuca" (3 caces).
Barclay is of the opinion thut tmese expcriia-n-s prove the
rclationship of the form on 3reeDroll'i, to the aecidia on
Rhb. daburl-, but says that The reýationship of the forms oc-
curring on the other grasses to the accidia of the rhamnus
species mentioned was not satisfactorily shown. And if there
is in fact a relation•hip here, it in .-;till odd that the
forms from tji last-nrezior"1 .:accicz of -rasses <re so much
harder to grow, !ad that thi3 aiffic•Wty Imnife!,ta itsel-7 in
the fact that ..;hen infection93 are (;one with thý'a the cycle
coes no further than the development of spermnojonia.

Lastly wc mlit give our attention to the experimcnts
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Table 47. Infectioýn '-oi ,n: ,ih , ,,• , -... t

~~ rI:rts Infectcd *

Infected

No-Date Origin -,
,., } Speciev ;.

'I v.7tion
, i o-.1

' BdDaysa
S|" I.i• ''i• ,• 1A r.. j i .b ., r~I. ,' ,.d

3 ,. .. .. ..
• ..a . .h .. • I 1Z . Imm ..... uF.. In . Buds L
A lo l ,, irux p rl I.il 7 ratha ri hi . I I lo

ING "'A ll a cdv . . . , '. "1.l

• " I'~~rau,,-d., I .• i -

i t i'I I,' , i,, I *1 + 1.1 7 13

ii! • . . . . . . i ' *i..,iiini,,l¢ 1 IS . ) I i

'1! • i. . .s - * • i ~if,,ltir. L *!.1 " +1 I I

Notes: 1) 3pernmoonia developed very abund-ntly and strongly, but
no aecidia developed. - 2) Spermogonia very scanty, on only one spot. -

3) The whole plant wis sprirxled with water containing sporidia, and as a
result the whole plant became covered with fast.

carried out very recently by Klebahn (1,340) with the teleu-
tospores of Loliuv erennc on two specimens of Rh. 'Frangula
and two of Rh. cathartica, where only one experiment on one
plant of the last-mentioned species had a positive result.

The infection experiments at the experimental field
with teleutospores of this species are summarized in Table 47.

If we examine this table closely we find the following:
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With trn•nrfer of m'trioA _1-`-•• of infnctjon: with results
iri-.itly doubtfully definitely

frmto p; ive positi've ne,-,otive

4. (4÷) -
Festuca elatior ?J'amnus csthnrtica 1

S" " " Fr-n--_ula.•

"Berberis vulmiris . 1
"Anchusa nrvcnsi3 • 1

Alopecurus prntensis PRhmnus cnthtrrtica 2

Avena sativa o " 3
"i" F r n u . .-1 2

"r rndifolia . 1

"p•lnifoi q . 1

In other words, from the thrce species of 7rasscs there was
one positive result on Rh. cat ½-uica, and from t-.o of them
negative results on Rh. Yr~nnula Lsee Note].

Cote J For 1,-tcr series of infection experiments 3e, -rikszon, V,
317, and Klebahn, 111, 129 ff., mnd IV, 151. -Late note, 18 Sept. 1895.

c. The Second Gnernntion of the Fums: the Anci(,liuSt

The time indications in the relcv,-nt literature with
regard to the appearance of aecidin on 2hr-rus spocies are
relatively very few in number. From Eurone we know of none
besides de Bary's (V,213) from 1866, urhere he says thntt theydevelop "only in the cprin-," an.d Lizlsen's (IV,554) fro-n
1875, where he says that "th3 --p2-ing is their floi:erin! sea-
son." In India, as Barclay rcpo2-t" in 1887 (1,358) and 1891
(111,227), the aecidia on Wi. hrrcn "are completely mature
in the last half of .lay, but srer eoi.azonly in the middle of
July." Here in Sw:eden t'Si. Pi?'r • n'errs to core out at
about the spme tine as ttiat on the b:rugcrry., A beginnin.; of
spermosonia formation on Fl',. e-t"'ttca was observed at t;heexperimental field in 18915 on • JUxe and onen aecidia on the
same host plant in Uppsala on 12 J'n.ý in 1892. Abundantly
developed aecidia were collected fro:a the same Rbvnmnii a-)e-
cies at the Xinnckulle (on Vizer lzk.) on 16 June Ld9.

There were no results from th3 first expcriments that
de Pary (V,?I2) did in 1865 to p7'o.uý; :mi=t on o'1ts and •thcr
cereal species with aecidin crore•s fron- :n".. -:1 .,;
this has now found its nntural expln,:tion, si7ce it7 been
proved that the crown rust of oat- iz not to bc associated
wizh the aecidium on Rh. ?"7n•riT, but -tith t,-.t on *h. o-thnr-
ti•a. Nielsen (I1.55C) ih,. t: 4,:t .r Success in his exp-r-ricnt-
wi~t aecidiospores from R{h. cot*jirtiea which he transferred
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to rye graso. cThsr e, le r r do :it- on '6 June nroiuce4l
uredo spots after nine D:M,. L'.. n erim,'nt3 Lh ! ?ci-
diospores from. v.:, .. . h nd, h,.1 a ne: a-
tive result. ,L, T .; iý:(c tý- = reo..lt in 1377 C.1
after repeated experiments. 71 1890 Cornu (11,181) mentions
expcriments with aecidio.pcres froin Ph. catli:-rtica which he
inoculated on oats, obtainiag; r positive result after 11 days,
and also successful experiments with aecidiospores from h_.
olcoides. Lastly, Ylcbahn (1,338) obtained uredo on 16 Lunc
and puccinia in Augu-U with :•ouiftiosrore3 that he transplant-
ed on 2 June (1892) from R,. cýtthar-tca to !,oliun rrrenne.
Je have had no opportunity ouT;elves to carry out successful
experiments with the accidiospores of this species of rust
[see Note).

[Note' For new infection exprriments see Eriksson, V,325 nnd 319
and Klebphn 111,129 ff. and IV,152. -- Late note, 18 September 1895.

d. The Third Generation of the Fir.-un: the Uredo Stare

1. Ti7ce of !.nne~rance. -- The mentions of the first
appearance and the actual period of flowering of this fungus
in the uredo sta-e are very brief. From Europo, as far as
we know, only two reports ere available, an older one from
Nielsen (IV,552) of 1875 to the effect that "at the end of
June or somewhat later rust be,-ins to be general (in Dernmark)
on rye grass, but it is not until August and September that
its attacks become really noticeable," and a later one from
Plowright (VI,165) of 1889 to the effect that the form para-
sitic on Loliumr erenne develops "an abundance of uredospores"
in England, "but only in the autumn, from September to Novem-
ber," while on the other hand the for-m on Dactylis ,lomerata
is "an early su:nmer species uiith a much more scanty develop-
merit of uredospores." In India, according to Barclay (1i,
228), 1891, uredo pustules of the Indian form or forms of
this species develop "at the beginning of the spring on young,
still undeveloped leaves, even before leaves can be seen on
ichamnus."

The observations concerning the times of appearance
of this uredo form that we have had an opportunity to ma:e
are shown on Table 48 below.

It will be seen from thise ob;srvations, scanty as
the", are, that this urcdo form, at least on oats, does not
an~r until lnte irL the smrner, and perhaps even later than
blwk rust on the same species of cereal. It will also be
ses.. that both the aTreor.-e and th7 neak sermon v.'ry :.n- dif-
feIMnt yeirs. This rust uas very pr'fuse in 139U ("a crown
ru=. ycar.,r less numerous in 1892, and very scanty in 1-993
( [set! Note).

[Notce On vYri-tion in indiviiu-l yenri see nlso Friksnon, V,323.
-Late note, 18 September 1895.
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;;~o. o:704 7Xn. or *-7.- rsr~ ~(
C Plots Ah I P Co f (of R131 of Rv'.t
from on a,., n

Nots: I *%In IP91 t'rvI -t rn% P ii `r -ob:!yta

i twn; o wrhm l( f-tie j. 2) JAL -icun.o

new~~~~~~~~~~~ levs )O1*1ýcTrrý.rt. ~ l.,ysain

'r--rmn The

Euroeanli tu ra , 0p e, i;--.t - .:- _'. - I ,01cn

~cs:-n,, 1)Ithe w ' temnj; can-,ci-, (. i-cýtn fii ; ndo l that

cou;roeaof thitr Ecrminaptear r*:-o c1i.y. ; ir:tin u con-

speaking only of the ~c ntn~crcty, of ccr½Thn 1 daa
formsc when he cayo that the urc-io;-. n-cr: of the formýs on
tathcrtrn and Thf-t11Cfi retain the"vir c,,pacity t cr-inreo
a lon& tire, ia one casec from 2.6 Januiry to 2 .June, or about
4 1/2 months. These spores were on d.:y leaves it numerous
puccinia but only a 'few urodc -nustu1 ez; the leaves were
gathne~red on 16 junuary and cut iýnte zl pieces. And were
then cept in beal:ers liGhtly c~o,.cre0. -:ith watchglasses, in
a room. On 2 June they irere sc'r'* ed D'ff and kept in a moist
atmosphere, and after 24 houx3 tli,ý j grminated well.

In the e:perimcnts clone 'ahteeuredosoores at 'he
experimentanl faield th -rr-e-o (,a-nitv e r'sn-oved to
be f-ool. The Germ threads ;. wau-. 2-rtc~r only ,, fe-..: hov-z
Even after freczin&; the Cc,%n:t*,j canacity was good; tLas
theý;e spores ce.-ainated -rcncra- 1,, a tr ?3 hours -- so-o ~vcn
beginning- to rcrr-inate after oi ' r I" ur hours -- on 16 an6 P7
Octoi;nr 18191 a A'tcr previous fr. 3ýZin,- nih

tion rxei~i.. o: ~Cv ~j:' A1 r
men ;.Lurncd on!.b ..iclzcr. (,~ n 1:,71- N'C 'hc lic: !ry thr'.t
aftel.' inoculoition with1- tlh', vnU r."..- -c5 on o;.'.; ji-!
obt.-.ncd uredo on t-i-. inccu._ tcnk .A1L*JL, C)_ ",,,G n fl~Vf

dayz; and be i1r.nin- 7.uccir.t. c~n 10, of 1 -,':c~o in
fourteen days. iiiL cxci;.t onc. al. the cnr~ot'i
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T.-tcI,. 49. Inf, ctib,-, -1r~' , jtf "w; ts. " -o • -:..

NIote: 1) Pnle rDOtS n•onenred ýt tile points of infection: 1 after 17
dnys, 3 after 19, a•n•d 4 after 21 diys, but even after 25 days no uredo pus-
tules had come out,

field from 1891 to 1893 are shown in Table 49.

As the table shows, *in no case did the transfer of
snores from ýI]on•ecura;s pratensis, Caiamrý.rostio n riidinacea,and Erelica nut',nz to oats succed, aad only one infection
exoeriment from oats to oats irielded a positive result.

4. Puncip co•on-.t -. i Colictve "ies. -- 9
is no doubt. th_ýt in thi~s spe)Cies, LOO, thern is a sneeipsliza-
tion of thec formn o-n thý'e va~rio',!. hcs-;; olanto that is analog-
ous to thai which we have encount-eredI in the spzecies discussed
earlier, even thoug-h the infect.ion exp)eriments on which a
correct differentiation of the for~ms must be based are much
too fe-w in nu~mber in this case for a correct differentiationof forms of the species as a whole to be done. Meanwhile

we are perh-ans justified on the bas-is of the experiments
done both with telcutospores and with aeeidiospores as well
as with uredos- ores in assuminp- for the time being the fol-lowing classification of the forms:

Series I. Aecidlium on R•qhe-nus cathartica (?.Rh. oleoides,
Rh. r•randifolia--[Z~ccinia coronifera Klob. *1

f.sp. Avenae or. Arena satilra and Lolium perenne,

and the forms on -rt;~rrit / and i't,•ona elpetior.
S e A'i es II . A rvc id ivn o n h : , u " - m l • • e n :

eor-t, I iacbr, j:
the forms on DP t't*,, Jtn -.r•-nird-t tinO poi uc,t of sin tic (? PUCC.

ribber1sA afe 21 .
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and .J- .-

tionahioa to --n.,, -f ~ ti'- ~ tc ~n~ Spc~ieS
0!' concerni:.! oz o- ur acciiu:1ý .aic know
flothinZ at -11 as yet:

f :;-p.~ on .-,&Jic,7 rn'lt-n LZ.-; lOlj
[:NotcJ Concernin-, the ci1zn:"of thirz sncies nccor-iing to

the latest exrerincnts of 16)?. nee -ftrikssn, V,`21. -L,:te note., 18 Sept. 1695.

e. The Fov.rtli .- ~o ~tc ' ~~T~ennf--
TI-e ttr(~o ct'~--2 off tPvv:'y '-1.y followed

by theý n~ucnjr~u s:''-.J wc.- ,n `ou eLnd r-;n 1274 that
in his freto ::t~~t cirro-. rlro crass on
oats it £Collo*:.14das 'iet tl"T -':-.,:ýý--_cn.. theo -x:p-ri-
montEJ 1f ield the nuccinic. _-c wfon oa-.c in the field
on 19 Au,ýuzt lSDC1, and in infiaction nr2-ýthr 3, Table 49, on P3
October 1 1, 6 dc-cc .-Itr _'1 e u 'n-o octior, -.n~d on ;t Lros -
tis v.-rnin thca cxnerirnchital ~ ion 217 wrýtcrnber 1839?.

T.The Cvc~re of v~-
The develoozental cycle of' th'e "ruaccordinC to

what w-e can sece from. the facts avai -oble,should corrospoord
in the main to that of Tci i (cf. Da-c 107'above
[i.e. in the ori~irnal wo Icj),excc-o- ý*at the n-%-7,e :4--iu3
must be substituted for thýat of Scattered observa-
tions concerninz th~c mosre or ies~ n'*-L-dfnt occurrence and
even at times the alruoý3s ccn-.I~ete L"Isance of this or that,
sporc form on the hozit plant,ý, iowv'.,er, z:.ake it probable that
the developmental cycle of the furmzr occvrrin- or. the various
spec,4es of -ra.-ccs m-,y b-- not ~r :crtydifferent. Thus
Plowriýht (4V'_,165) in IeS'91 jcintrs out. a c.i~ffrence bctwceea
the forzm on loivrljn nrnnne c-nd ;x:nat on. _ 71z or-.rata,
whhich manifeots" itr..;elZ in the %n-'A'ncn oceurrnncý
of the uredo zn in the ar: rk'r.. -'hn V e arly and sc. :fy
occurrence of it in, the c-t~.-e hava encountered the Porm
on :.>-lica r-ut-nn calio:- ,cc:cAvly in~ the urado ro-~cily
oncte, on 13 i.ovcmlber 1311, :1z9 bicn ozil to find t'lc
puceinla form, in th:,t in:z-nc:- on r chc:,thl Lrsee 1'~J E
one case, too, the form ncc~rrirn 01.. 0 Vii-i ' wrr

a&;3ure7din 1>2 ý-! 5- - C fl2O
this3 :-razz th.':t ..-- _ coll 6 ., or !.* t)~ -. ' r
Rnz:ýib in M2 c;L'__nrjý-:d '.1- 1'' (:'oz rin-:~ P on n',Iar-
ly withý,red leaves wh~c> covc*'r- with
uredo pustules.

V.ý o4tcmucr 1695.
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..-The !,0C-%1 i - n t - - .'. -. .0'"

When th- for. , -% .. " " in the uredo
in 'he _-.ir, it ci r or 1 ezz lS n t n•lo'e

extended, ocnot-hat coalescent nuzttlc, u7o to 9 mm in length
(FiLure 1P9 b). or elc n..3tl.s r '..r P-3 mm
long, and moreo sc-tred (* - '-,:,y .. oc-'r on
both sides of the l1-., r'-ro-ai~"i on th2 itpner
sioe. They are re -yo2Jo•: :. oloa-, -oct cios..•,y nZprorch-
ins the yellow; rust of .t, L i,: cI..-fr in color from the
uredo of black ruzi, which iz u.ch darker. The difference
in color betw:eon the uredo of crcw.an rust and that of blck
rust comes out most clcarly on lcaveo (.1-ure ]29 a) on which
both are present. In general the uredo reaches a very great
expansion or, the leave once atfaekcd oy it, since it takes
up the greatest part of the bl.)Ue of t... leiaf. •e• anwhile
the Duceini.p. str_7e besinn to -a-oiaa- .... I. . r. i rv'- I-.-n(d
tle urodo ',;z. ri rir', w ,icsh a- ,i.- s is v"ry small
(Figure 131 a), graduall-r enla:ges, its color changing to the
purest black (Figure 131 c). Under the magnifying glass it
is evident that the dark rin- lonsasas of covered puccinia
pustules (Figure 132). Thescj ýporc pustules differ from
those of the black rust in beinf covered (Figure 131 b, at x).
Finally no yellow uredo is visible any longer, the leaf being
densely covered with scattored black spots (Figure 131 d).

It is a striking fact that the fungus, at least here
in Sweden, appears almost solely on the blade of the leaf.
Only in the year 1890, which was esprcially favorable to the
growth of the crown rust on oats, were there a few cases in
which it appeared as open uredo pustules on the inside of
thecal valves.

On other host plant:, too, this rust seems to occur
either solely or at least by rrcfference on the blade of the
leaf. Seldom have we observed rust spots on other parts of
the plant, as e.g. on sheaths of P2o-eorrus pratensi%, I7lica
nut•.s, and Fentuca elatior, or CvLn on stems as in the case
of Alopecurws prat.-nsis. Ln the form parasitic on i'elirl the
uredo forms more or less densely placed yellow, round pwq-
tules, with a diameter of 0.2-0.3 rm, commonly with short,
light yellow stripes in the lengthrise direction of the
pustules. A ring formation of teluutospore groups around
the uredo pustules hardly occurs in the spots that appear on
Calamagrostis arundinacea and Agronstis vulparis [see NoteJ.

[Note] For the localization, of. also Kleb-hn, II1,135,136, and
Plate III. -Late note, 18 September ti)l .

h. The Anptonlel t;t-ucctu-
1. The Ur-edn Thfpntil-n. -- In the oats form the struc-

ture of the ureuo pur ulc.. Letuz.s tu be the same ao in the
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b~cz-t1 e,- n s~ o~ o e.n t hat

r-r-, of Z7 lon -ý-f the
Pe o 00 ý:[; oil

oa,!s are or tl itld:;,- o5r.-, 'c- ono o 3id11: an~d

ed, 28-32 x 20-?'M a,, Fo 0-. cc-ýý-"rrln 1-- U-, VC1-
tior. here th,,' r rx e r "r' riou.;1y
givcni. Acco;Mdn-: to ~ (, ' c~d (1.6P3)
18-zý they --ro 7.i to62 v~cc'v - Bt:."r_ (1 2GO)
1335, 21-24 %~ IC2 ;,; nccoz~din.,: to ~c ,"5H7
2U-24 x 17-20 ýz; - 'cordir- to o -i(VI,16.') 29 0-28
x 15-2U pi; a ' -- v I d)~O
in the form or. ''~i~-~ x .iand

in the for;a on. x~ x2G-?ý2 ji.

'~ zr -- The
ori-in of !zuc,,ni z;~~' ' - i_. dUzcribed_ by
Bo 1h (1 ,177) in -i 1 .; S ol 3 1 -1).1cr oi-'clinary miyceli-
um' threads n"'et cn,; ' o-et- i", nnr inerce&Thi1ar snace
whi ch 21.ic "JCý4-,1C1' nc ' _-,- t- t;-! c '~' .' is fWýl~ed
with abundc-t nroto'1*-~ 'r-c'tat. of' this
snore-stor.-r e co: 'L -'ncrrs 07':r,-ý as ori,7inally
short, thic'z nrotu` 2ýrafces, whchr2>M21y evlo itothn
walled, sac1'--IJ:, boiijos. They are divided quite early by a
r rtition wall into a lo,..cr -oaxrt (t~he stem) and an upp'er part
tho spore). Later the cpor3 i~s-elf divides w..ith a trans-

verse partition approximate~y in the middle, whereupon its
walls become thick and brown."1

~';%en -fully developcd the spores, as indeed la -cnera1-l
iy reported in th,ý litcra~tura, are a3 a rule covered by the
epid err-is lyinZ above them (Qi,-rc 133 a). It more rarely
happens that these bunches of oport.s form uncovored, o-2)cn
pustu~lace, as in black rus~t. Such _- case is first mentioned
by Barclay (11,230) in 18091 in a dcscription of the Indian
forms off th-.e fuxi-Us. He says tha~t thz forza occurrin,- on
Brar:hynod½ 't c"1:, po sssez;~al point-lik-e, quite
bare bunches of teleuw-osnores on the upnor side of the leaf,
while on Piotnt,ýrirý holcifo-rre: =,- _';c~ i~ -n. they are
found to b. llinear and r~or-eor less coverod and are on the
under side of the leaf.

At the exnerimentaol field open puceinia pu' t-ubs were
obzcrvc'd on -.o~'7~t 1 1 of c-"ve; on
In. October L1.." w :-ick1 u%:_.'c -r '2*,'oj"5 irm ~j
the spot-s occ-a"2V- on t:-e ~~.t; "2 ~ ~ v~d t
rmoct point-J.*i:c, a-nd arr.-.ncd lii '-.n:, *:~~:>.~
Ptn .ci' '*' ' or 'c

cr. Pustuicjm V'.- 'i9, d :
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shcstuh of ? • ' .. :.....o'•c: ] •.•.: • ; l

Ordir-.iv i_ r >"hof -..r.c. in the
relevant iittcr-z'u t- . r c:' occu.rrencc of
pnaraphyses bct- ;cn t:-.. to-•' -'. or, as -n .i'hrJter (III,
3 34) 187 cn~1 J'c:2Jo , , isn :ct:.riu'. d to the
puccinia for.-, :'1. i -':::-. "n vie-.: of ti, it is
odd that at-'-. .c .... '• - " 'en oh-
served in t -'l, ,-, V'• .. ";} J7Tobe

sur.. ;:her . -& ..... . .i• 3 b) t,)y did not
occur on quite so m-tny place, in the -rouns of spores as in
the case of yellow rust 7r bro'.m - but they were never-
theless nu-erous enough no- to escape notice.

The ot 0 1 -1' as tvrual, is chiefly
intercllular (1,i u ', , - c,- branchcs numerous,

intertwined w.iith c c oter (_.b), the form of the
adjacent loaf ti-.uý cells bei..-. i ell prreservcd. There
are also haustoria inside the cell.

It hcos al@rey bcen rer.tionrd K.ove that Cor-la (I,6)
in 1837 wrote that his then new species 1kiccinia corcnata
occurred on 12uzla albi,1a, and that he pictured the species
with sharp pron-s on the crown. Biut siinc no such form has
been encountered again since, we ncy perhaps be justified in
the assumption that Corda'z identification of the host plant
was incorrect and his drawing not quite true to nature. In
all later investigators, e.g. Westenrorn (1,235, Fig--ure 2),
1854; Preuss in Sturm (I, Table 3 c) 1862; Nielsen (IV, Fi-
Cures 11 and 14), 1875; Frank (I,457), 1380; Sorauer (I,
Plate L , Figure 3), 1886; Brunchorst (1,106, Figure 16 b),
1887; Plowright (VI, Plate IV, Figure 3), 1889; Barclay
(I II, Plate 56, Figures 8-13), 18)1; and Loverdo (1,182,
Figare 18), 1892, the prong-s of the croian are described and
pic~ured as blunt, dus. a- in our "iares 135-137 on Avena
sativa and Figure 143 on Festc:ca elatior.

The dimensionZ of the teleutosnores according to Win-
ter (1,219), 1880, and Saccardo (1,623), 1888 are 35-60 x
12-21 p; according to Burril (I,2cM), 1885, 45-55 x 15-18 1a;
according to Schr~ter (111,324), 1887, 40-60 x 13-17 ); ac-
cording to 2lowrright (VI,164) 1889, 40-60 x 12-20 A; an3
according to Barclay (III,231), 1891, in the form on Bra_•-
podium silvaticun 38-44 x 10-11 -A and in the form on Pirnta-
therum holciforme 43-55 x 8-14 g. At the experimental field
the dimunsions were as follows: width of

on 1 e n t h ba•a! cell terminal c:11

n -it__,_v_ 3P,-57 u 11-15 )1 11-14 )1
i..,. .... v'+ ' i,' 25-33 • 10-19 1 -19 U

*.e--iica nut-ins 31-43 a 3-14 11 10-I

-49 -



fof the tio rnr,ý, -)o- or ">1 1-r

lookin- dcr> pn'~~r~
th;at t~ie yol":, - -. 2 :o~t2oi t
sneci CO o-, frn. 1 ~ crrc-. f '1--L were com-
Pietely wit.- .t t~ezo~ tj; '-eorC., V(W
that "no ot*her L:.ocese of rust dest-rcy th~e leavec of its
hozt -olant wit'n 7reatcr rani~it'" th~an the ca-'o-. ru t of rye
grasz. Great d~~~eto t'e ,ým, op'rcez of~r in Dom-ark
--s later mtrntionod b- io.;tas (VIT 3), 1 *3, (,8), 1ý266,

and (VI11,5), 1S33; hie al',o :r-oortcz -Lhe poculiar nhenomenon
that in the three year."s (17ý4 1(`i ,,S7) -L'Or ,hich the
reports sp~cr-Ž, -.7:iv- r-,7 ý o - :o o -L h r, n," iri:7 1
seed zuff'ercd t'-r -,hz _ -i f_(. , ~c. even where
they were .rroi~if n-izce by ~cic. Tra foz e, '- a "h-.vi--
zsorinkled -v;j4t- ;rn211ow ~-rnt,"W scwto much so t'--t the
boots of anyone who -.aikcod acros-s tae f~ield becCene "Quite red,"
while the Latter ap,-eca::'cc "fresh :a:id -reer." or only "insigg-
nificantly1'ifct" with rust.

Icavy o ccuscl i:oltin by t~his cpecicz of
rust on oatn is moent-ioned (:?rez-se, 1,748) for tne year 1891,
when he says that th-e advent of th. is species of rust was
given by the farmr-crs as in theý tim arun St thlr-w
24 uJ',ust, that the rust cause,- a. collanze of th'e leaves -and
stems, - ."Bartholo=,ew struc':- downn tl-. oa-t's with hsclub" -

and that the we~tof the - grain w,.!3 thust reduced from 150
Dounds per Holst-ei~n bushel to S£6 pourds. Ac showan by sanmples
and renorts scat in by the head of tVhz county constabulary,
Xr. J.A. Hansson, heavy 6nmv-e wasn done by this cpocies7 Of
rust to the oats in the ~ 5~ra½Bohus county about
27 Aujust 1890, %-hen "al-most every blad-e of oats was infested
there like the caoesernt in." The r-Lst does not appear to
have done "any noticcable dý:-atae to the. lzernels," as we
learn from a later letter of 2 :carcha 1391.

Svary-ln: zcniit-'.rity to this * . __e of rust in vari-
eties ole oats ha3 been diocu:ssed on!,' once, as far a3 wie know,
namely in von. Siove-rz (1,361), in 13-:7, *.ho zsays- that of
numerous varieties of oats -roibm . . 'i only ono, "the Rus-
si=n Orel oats !-ro-_1 in r:'-Of," vas alot ':flf0 All
the others w:ere susceptible to alcut ci a:7.';,X>' At the
experi:.-.ental f-Lrd -ý! have r.',t been able. to dc~t~r-te. any
varyin- suisce-cti'blity cofiiv~ varicties of oatL; to
this speciec of rust.
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II

B ... .... C n "t' r. ." a 4-

of ... r . condicti on-d - - " fz
jus..t.r.. e ai-_ s the c. . .

._._ ~c f-.. . . 0. .e.t - i . :L2; t *,

•TO re . or 4 ,-. 1 • fun'j, .i.2 1'i
now clcusC '"-" . t7; .-- ,r " ...."rJc of
or o .i ., .: ... of t . .
poi; - vic..; it -- )rtCzei y these cz.uzes of disease t1]at
deserve to be -iven oreferentia.l consideration, since it
depends on them .:hether a year becoruec a rust year or not.
We call these

o) External C 'ontributi.g Causes of D.iease,

Incu1ý'n 1) the loc.tir. .n.. (•-•........, 2) the physi-
cal nature of tVe soil, 3) the ch'umicL!.i com )osition of the
soil, 4) the previous crop, 5) the time of plantir•, 6) the
way the pl•.ntinl is done, 71 ,he weather conditions, and
8) the neiZhborinZ vegetation.

7. The Locr-.ti.on .n-ý Dre4r--e

P. Infornnticn Concernin - the Tnfluenree of the LocP.tion

1. A High location Effect a4ive ,inst Ruz7. -- From the
earliest times to the present day the devastation caused by
rust has been related to the location of the fields, general-
ly in that it is believed that rust does more damage in damp,
shady places than elsewhere. Such beliefs can be traced back
to ancient times. Thus Thcophrastus (371-286 B.C.) mentions
in several places (I, Book 8, 10; i!, Book 4, 14) that rust
affects crain in hi.h, windy places inconsequentially or not
at all, while it rages in valleys and wind-protected loca-
tions. The same opinion is found in Pliny MI, Ch. 17, 0 154)

* at the beginning of our era (23-79 A.D.).
In agricultural manuals old and new, including that

of Arrhenius (1,61) published in 1888 we encounter the same
* notion, which is also ... in several writings of ...
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