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

Meddelanden frin Kongl. Landtbruks-Akademiens Experimentalfllt

Reports from the Experimental Field Prof.Dr. Jakob Erikeson

of the Royal Agricultural Academy)
Vol. 38, {910, pages 210-259 Dr. Ernsy Henning

f dispersa Eriks. & Henn., nov.spec. —- Brown rust.
! glates %-XI. Figures 119-123 [Not reproduced here].
p;gg%gg;g% I. Aigldium Anchusge., =-- Aecidia circular or

! elongated, 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,
i 20=30 n in diameter or 20-30 x 19-22 n.
|
!

II. ggedg dispersa. — 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 n in diameter.

II1I. Enggin%g_gigpgzgg; == 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 dborder
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 n, width of the
basal cells 12-15 u, that of the terminal cells 14-19 p.
Spores germinating as early as autumn. Sporocyst develop-
ing on the promycelium colorless.

tae: I [see Note]. Eriksson, Egggajpg;;_gggnQL 18
i, TE e T R
’ ’ ¢ == VON n
A._arvensis, o (& Aivensic. Germany, June 1874); tsé
W. Denmark, August 1876); Mvc, univ., 230 (A.
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Germany, summer of 1874).

! [ote) Only those aecidia forms are included here which occur on

'Apchusa arvensis and A, officinalis, and which are the only ones that can be
asserted with more or less probability to belong here.

" '1I and III. Syd., Ured. 121 (II,III, Bromus msllle,
T German¥, June 1889; 7628 (11, B. mollis, Germany, June 1892;
?629 (II, B, sterilis, also on sheaths, Germany, June 1892);
?630 (II, B, tectorum, also omn sheaths, Germany, June 1892).
D,

-~ von Thiim., Her ¢, ?1 (II, Triticum vulgare, Bohemia
June 1872); 22 !Tf,l%i, ecg;efgereg;e, Bohemia.'June, 18%2);

.austr. 784 (1I, Secale cereale, Austria, July 1871);
ggg l%I,III. Bromus mollis, Austria, June, 1871) [see Note].
[Note] In the recently published fascicle 9 of Eriksson, Fung.par,
Scand, the following forms of this species appear: 417, f.sp. Secalis (II,
Secale ceresle, Exp., 14 July 1894); 418, f.ep. Iritici ( 1i, Iriticum wulgare,
Exp., 13 July 1894); 419, f.sp. Agropyri (Exp., Triticum repens, II, 11 Septea-
ber 1894); III, 18 Septecaver 1894); 420, f.sp. Bromi (II, Bromus arvensis, Exp.,
5 October 1894); 42} (II, B, brisseformis, Berg., 10 October 16894); 422 (II,
B, secalinus, Exp., 13 July 1887); 423 (II, B. arduennensis, Berg., 27 August
1891); 424 (III, B. racemosus, Exp., 15 July 1885). [ The same number contains
14 mumbers (402-415) of Puccinis graminis, 1 number (416) of P. Phlei-pratensis,
and 6 numbers (425-430) of P. glumarum.] ~Llate note, 18 September 1895,

Host Pl%gtg: I. Anchusa arvensis (Sk.—-Exp.). == A, officina=-
1is (Sk.--Upl., Usterdker, 5 August 1892: B.d. Heeselman).
II and III. Bromus arduennensis (Berg., II, 27 August
1891). -~ B. ensis (BXp.). = B ggtg%us éBerg.. II, 23
Octover 1891). -— B. squarrosus (Berg., IIl, September
1892). -- Secale cereale (Smil. Lsee Note], Lyckds-Upl.,
Wattholma). -- S. montanum (Berg., II, 23 October 1891). ==

rigsetum flavescens (Berg., II, 27 August 1891; 6 September
§8§2). -~ Triticum compactum (Exp.). -- T, dicoce Bxp.).
-- 7. Spelta (Exp.J). ~- L. vulgare (Exp.E.
[Note] In the rye and wheat plots of the experimental field of the
agrionltursl {nstitute 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-
sume that it must also occur in Skane.

Bil!&!i%ﬁ%i -~ If we wish to get from ‘he descriptions in the

available literature a reliable knowledge of whether in

each case the brown rust (Puccinia dispersa) which is to be
discussed here or the yellow rust (P, glumarum) discussed
earlier or perhaps a third closely related species 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
vwhat is said about the puccinia stage. The difficulty of

-2-
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forming a firm conviction in the question before us from
the information contained in the literature is also subd-
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 scuthern 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 Ursted, who in 1863 '~
describes (1,100) and illustrates (Plate 3, Figures 2a, 3
a form occurring on the tlade of the rye leaf that has
"gomewhat larger and more oval clumps than the wheat rust®

(?agggginig_glgmg;gg) "gcattered all over the blade of the
le and possesses spores that are "almost oval or spher-
ical."” There is no doubt that Ursted is concerned here

with g;edg dispersa itgelf, even though he assumes that it
is a form of "grass rust" (Puccinia inig) which in at-
taching itself to the rye leaf has cﬁfﬁﬁea the shape of its
8¥oroa while retaining its color. This supposition of
gted's led Nielsen {II,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 had i
inoculated, the next year (IV,499,518) he attributed the
| round-spored form to "wheat rust," with the explanation that
1 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].

ﬁoto] Bolley's representation of the species Puccinis "rubigo-vers”
i in North America is especially noteworthy. If we wereto draw any conclu-
! sions from the circumstance that in 1890 (III,6) he includes, as he had done
. earlier, the uredo forms of both Puccinia jraminis and P."rubigo-vera" under
. the name "red rust," we might be inclined %o conjecture that the American
" " was really the P, dispersa described here, if not a
~ species coinciding with it in color. But the same investigator asserted the
year before (I1,7) that the wheat in Indiana was attacked by three species of
- Tust, vhich he called Puccinia graminis, P, coronata, and P,"rub "
- of which the "last two are subepidermal” and the last (II,12) "the most de-
structive.” The conjecture suggests itself that by Puccinia coronata Bolley
Bay have meant our P, gluzarym, but hardly P, dispersa. If thia oonjecture

should be confirwed, Puccinia dispersa might turn out to be the most important
but not the only form of P,"rubigo-vera” in North America.
We may also be sure that it must have been -
giﬁgg. in the puccinia stage, that de Bary (V,209) efore
i

n 1865 when he performed his successful experiments of
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infecting Angng¥2_g;zggggg (and ) ) 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 Puccinis "rubigo-vera" on boraginaceae.

8. The Regt Stage of the Fungus Puring the Winter

Uredo D Ce ds. -~ Like those de-
scribed earlier, this uredo form can, at least in certain
years, occur on the geedlings of winter scwings even before
the beginning of winter, although its intensity both at this
time and later in the spring and eummer, 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 2% and 24 October, yfﬁgg_gigfizlg
was found on only two rye plots out of twelve examined, e

o
at the same timeh£§§ggﬁg;gggggg was found on all (97) wheat
plots and about 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 exactneas
than was actually the case, several other plots besides the

two rye plots mentioned above would have been counted among
the dbrown rust victims.

In the late autumn of 1892 U%gdo digpersg wae very nu-
merous on a large number of plote 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 tracee 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 exami-
nation day, 17 October, 47 days after the sowing, it was found
on five rye and 42(-495 wvheat 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 vheat. On this field spots
of dbrown rust were found

on 26 September, 24 days after the sowing, on O % of the plots
"IOctobor. 29 * L] " [} " 5 ’n.n "
" 6Octoter, 35 " " " " "48% " "
*» 17 Ootober, 46 ". * " " " 42.8% " * .
" 7THovesber, 67 " " * * "571% "~ ¢

It is the most obvious assumption that these uredo

colonies on the & 0. ted through infection by
uredospores from the not:hbor rust-infeoted summer plots,

.‘-




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 gee that the time during which the leaves were exposed be~
fore the spots appeared on them was

19 da;a in 25 % of the cases
25 [ 17.8’ L] [ ]
57 " " 14,36 " " " .

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 apots is to be
sought in a uredo infection, compels us to assume further
that the cotyledons had been attacked by the infecting 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 assumed above.

Another conceivable explanation would be’ that the spots
were due to an di ifolii nearby. The probability
of such an origin is practically nil, however, since thai
aecidium was not present either in the experimental field or

in the vicinity, although boraginacea such as Nopnea, Apchusa,
and Symphytum 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 numbders 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 rusti described
previously, decisive proof of the existence of such direoc
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.

Satisfactory explanation of the ocourrence of thie uredo

-5-
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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 i in
the experimental field described above., Such a case came to

our notice when we found Uredo dispersa as well as Uredo ;lu-

marum on rye seedlings that were sent to us from Ekeby, ncar

. SYdertelje, 7 November 1892. In answer to0 our inquiry the

sender, Mr. J. Lundvall, stated that neither he nor his neigh-
bors grew summer rye or sumrcer wheat, that the nearest surmer .
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 arvensig could be found at a

‘distance 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 viecinity, which might have been able to bear
the fungus in this uredo form in the late autumn, or to an
Aecidlum 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,
vwhich can be assumed 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 to0 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 Bromus species does not appear capable of infecting cereal
specins, . ==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
colo: (red), while the next five days are shown in a different
color (green) and the last five days with a third color (black).
The :rellow color shows the position of the original colonies
on the first day. The temperature during this time showed a
dayt.me maximum of +4.59 t0 14.5° and a low at night of +1.0°
to +9.00, except for the last three nightsb wvhich were nighte
of freezing weather with lows of -2° to -7°.

-6 -
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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
" » "

VIOV
]
3
t

" " "

ot B.

Of these original rust spots only one proved 80 weak
that its mycelium could not generate new colonies. The cases
were also rare (only two) in which the colony-generating
capucity of the mycelium ceased on 10 October, i.e. three
days after observation of the first colony. In five cases
thia capacity lasted for eight days, and in eleven cases until
the end of the period of observation, or thirteen days. 1In
seven of these last eleven cases, however, the colonies came
into existence slowly, 80 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, the 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 o0ld colony beside it.

If we turn to the original data on which the summary

wmHun

&lven 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 bslow the freezing point, a new colony appeared at only
one place. It therefore appears that in this case g¢old exerted
a considerable jpghibjiting ;n:l%ence on_ the capacitﬁ of the my-
celium to form new colonies. om 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 glumarum and U, dis-
persa 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

. 40 generate new colonies and the earlier that capacity comes

t0 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 less sure in
which the mycelium continued for 10 days to develop colonies.

Y
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Table 36. Uredo dis on Wheat Seedli in Late Autumn 1

No., of Colonies of Rust JPercentage of Leaf Surface with

;:?f J{Z_O_c'g_._ lgeectober ;“ tober 2 ctober Rut;: gioi:us in Comparison to
ellov] (Rghtﬁﬁ;:‘; reey ™ F T oot Tio s:rr;;e o::;ezgv;:s.

1 6 41 10| 8 8 | 13 ) 3 5 10 16

2 71 5 12| 1 13 1 3 4 5

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

4 9 (3| 4 ]33 74 | 43 | 117 2 10 18 28

5 3 15 18 | 10 28 4 32 0.6 4 S 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
peedlings 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 biack rust and of yellow rust. By its widely separated
colonies and the relatively insignificant growth of each colony
Uredo _dispersa reminds us of U, graminis, but its growth re-
minds us of U. glumarum to the extent t t 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 numdber of new,
emall, independent colonies (Figure 53). In the one case, with
Uredo glumarum, the cause of the finally great expansion of the
funcus, 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 dispersa,
primarily in a great readiness of the uredospores to germinate
and their tendency to generate new centers of the disease.
Apart from these differences botween the two forms the differ-
ing coloration is to be observed that is characteristic of

them, the color of n:g1341112§;gg (Pigure 109) being yellow
ochre when it appears on seedlings -~ chiefly reminiscent of
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U, zraminis (Figure 1), which is brown ochre in color -- while
light ochre is the basic color of U. glumorum (Figure 55).

This color difference of the thres forms shows up beat when

by gcod fortune the three are found on the same leaf [see Note].

[l!ote] Sometimes on seed leaves colonies of such indefinite yellow=
brown color are encountered that it is only by microscopic examination of the
spora: that it is possible to decide whether they belong to Uredo graminis or
to U, dispersa.

2. Hibernating Uredo. ~- If we consider the question of
the significance 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 funsus, the answer, as apoears
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

. 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.l). It was not until about a month later, on 30

Table 37. Uredo dispersa in the Winter of 1891-92 in the Experimentsl Garden

Obs Host Plant | Trans- | ‘Date of Obeervatjon
plmtd . 1 . “. . . . l . 8 . 5
Ho.|Species|State] 1s01 |1/10]a-5/11[14/ 11 [o6-0/m 2/4]e/ 13/ 5175
1 |secare fseea-| 1779 | 21 1 | .| 1w .] a|o]| .| o
cereale ling 3
2| = " " 1 1 | . 128 {o].] Mol .| o
3 = " " 11 1 | . 12 [of.] ofo]| .| o
a| " " 0 1 | . 12 lofl.]| oo 0
5 " L 30/9 o | 1 . 1° |o|.] oloOof o] O
6| = " . 1 ' 1 {0 L B 1
7| = "~ | s5/10 41 O . lol o|l.| .o
8 |Bromus ﬁmm sown 1§ 1 1 1 13/ .| o] © . 0
gecalinus 25/5 ]

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

April, that colonies were found in two other cases (no.” 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

-9 -
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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 %:o. 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
therc was still no spring uredo on 31 May. In no single case
was it possible to derive the spring uredo colonies, all of

which were on fresh, green leaves, from the mycelium of the
autunn uredo.

b. The First Generation of the Funsus: the Promycelium Stage

l. The Time of Germination of the Teleutosgpores. --
Because of the successful germination and infection experiments
carried out by de Bary (V,208) in the spring of 1865 with
hibernating teleutospores of Fuccinia "straminis,”" which is
synonynous 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 graminis, "do not
germinate until after hibernation.” He gid 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 tc 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 Bary 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 Bary'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 Aecidium Asperifolii 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
autunn. 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 maierial for his experi-
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zments the next spring. To his surprise he found that a nearby
Anchusa that had never been rusty in earlier jears bore fully
developed aecidia in September of that year.

In the investigations done during the last few years
a2t 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, germination,
as will be seen from Table 38, may take place immediately

aftcr 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 follcwing year.

Table 38. Germinating Capacity of . digpersa from Rye

e el K Il e
No. | Crop tion stage from been kept since|Examination|Degree Days |Hours
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 " * 110 October 11 Jan, '92 4 4

5 | 1891 " » 110 Oatover 13 Feb, '92| 3 2

6 1 1891 " " {harvesting 1) July '92 3 4

ki 1892]exp. garden (very fresk) 21 May '92 4 4

8 1892 - " ’ 121 June '92 3 4

9 | 1892{|the field 30 July '92 1 6

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

11 | 1892|experimental barn|august 1892 |19 March'93| 3 2
12 | 18920iaboratory _ __ IMarch 1893 | 8 May '93] 3 1120
13 1893 [the field 9 Aug. '93 1 2 .

14 1893 [the laboratory T Ahugust 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. 0ddly enough, the germination ex-
periments noted with these teleutospores, -- with the 1892 crop
of spores on 30 July 1892 and 8 I 1893, and with the 1893
crop on 12 August, 13 August, and 16 August 1893, -- gave a

¥egat;vg result without exception, whether the samples were
aken from the laboratory, from the experimental barn, or
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directly from the field, and even thourh the material had
lain indoors from two to six dnoys for germination.

2. The Course of Teleutospore Germination. ~- It is

strixing 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 120),
while the content of the promycelium of yellow rust is very
strongly yellow in color. Wwhen it first protrudes the promy-
celium is relatively thick (Fi;ure 120 a). Very soon it
divides and branches, and itc lowest member often grows to a
congiderable length without further dividing, while the outer-
most members segment off into asporidia which are also color-
less (Figure 120 b). Sometimes, however, the proamycelium re-
mains very short, as does itz base member (Figure 120 a).

. 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 thc sporidia is always cdlorless," we may draw the definite
conclusion that de Bary in his experiments waa 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 gpermogonia broke out on both species of chusa after
an_incubation period of 10—15 dEiE.

Table 39. Infection Experiments with Pyccinia digpersa from Rye on Anchusa

Infectious IPlaces of |[Results
Experiment |———Naterial ected let’_ linfection L«) Final {Incubation
Degree of { ., |Species [Noj No.Place| (No.of |Period of
No. Date |Germinat-fp ~J Spots |Spermogonta
ing Power Formed] in Days_
129/9/'92) 3 1 |Anchusa arvensid 1| 13 leaf|+ | . 10
2 19/9/'93 3 3 |a.officinalisl J2f 11 fe{ 1n2]| 15
319/9/'93] 3 3 sl 10 "] 921 1315

Notes: 1) The infectéd plants had been moved from outdoors to indoors
on 12 September; control plants moved in on the same 2ay but not infected stayed
clean the whole time. —- 2) Even after 21 days no ancidia had appeared, tut only
spermogonia.
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¢. The Third Generation of the Fumjus: the Aecidium Stsgre

’ 1. Aecidium Anchusac. =- It is remarkable that thre in-
foruation that appears in the literature concerning this

accidium, which is commonly celled Aecidium Asperifolii but
ou;1t rather to be called Aecidium Anchusae, since the genus
Aanchusa 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 gparse pooulation. In 1872
Nielsen (I,326) writes from Denmark, "Although the family of
the Boraginaceae is hardly more abundantly represented any-
where (in Denmark) than in southwestern Zealand, by a great
nunver of individuals of e.g. Echium vulgare, Anchusa offici-
palig, and A. arvensis," and "althoush Puccinia straminis oc-
cur; very destructively there, especially on wheat,” "never-
theless, Agcidium Asperifolii is by no means abundant," and
"evan where Anchusa arvensis occurs one must often search long
to rind aecidia.®™ The same author (V,38) says five years
la{er that in Denmagk "Aﬁg;g;gg_ggggg;gg;;; has beﬁn observed
only on Lycopsis 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 Ktthn (II,400) reports from Germany that "the
formation of aecidia may have dropped out of the cycle of
Puccinia straminisg, 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 (I,83) says he has searched in
Carniola often and in the most varied places on Anchusa and
Lycopsis for aecidia, explains in 1889 (II,49) that such aeci-
dia "havé not been found in Carniolg :2 those plagts, gnd on
Pulmonaria and Szgg%xtum only sporadically -- aecidia whose
classification as Puccinia rubigo-vers has not yet been suc-
cessfully proved." 1In 1882 Plowright (II,11) writes from
England that "the aecidium of Puccinia rubigo-vera is very
rare," and that he had "searched for it several times, but in
vain,” and Smith (I,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 (I,30).

1t geems to be the same in other continents. From Asia
Barclay (II,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 boraginacease aeci-
dium is known there," and that although "sll the collections
of boraginaceae belonging to the Royal Botanical Garden in
Calcutta have been searched through, not a single suspicious
leaf was to be found." From North America, Burril (I,234)
reports in 1885 that "in Illinois aecidia have been seen on
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no beraginaceae other than lvorotis verna," the aecidium of
wnich, however, he explains uncer tae name Aecidium Pyoscotidis
as a separate form to itgelf, :nd Farlow & Seymour (1,80) in
1880 know no aecidium of any Aichusa species in North America.

Finally, in Australia, accordins to Cobb (III,59), 1892, ™no
accidium has ever been observed on Archusa arvensis and Lchium."

It is only from Denmark and very recently that a report
comes to us of the dbundant occurrence of this aecidium.
Rostrup (VIII,65) in 1893 says that the aecidia there "somne-
times occur abundantly on Lycougis ard Anchusa.”

As for Sweden, it se=ms that here too, with the possi-
ble &xception of the most southerly part, this aecidium form
occurs only rarely and sparsely. Only a few finds are krown
to us from the area around Stockholm. On a botanical excur- -
sion to the island of Liding¥n on 27 July 1892 we observed some
twenty individuals of Anchusa arvensis growing 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 & single leaf of Anchusa officinalis. In 1893 this form of
rust occurred very gparsely on a few specimens of Anchusa of-
ficinalis on 12 September near Alkistan (Stockholm), and some-
what more abundantly on self-gsown plants of Anchusa arvensis

in the experimental garden of the experimental field, where
spermogonia began to appear on 8 August. It may be somewhat
otherwige in the southern parts of the kingdom, especially in
Skane, where it is by no means rare, in unharvested fields
of potatoes and beets, especially the former, to see Anchusa
arvensis and sometimes algso A, officinalis covered with aecidia,
often in great numbers. This was the case e.g. in the environs
of ¥Malm¥ in August of 1891 and 1892. In 1891 in the township
of Eyllie, south of Malm¥, aecidia were observed on 26 August
on young plants of Anchuga arvensigs that had been free of them
a week before, and also on 19 August not far from the Ystad
railway stgtion at Malm¥ 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
pluce no rusty grass could be seen in the vicinity, and it is
also worth mentioning that the numerous specimens of Echium
vulsare 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 litersture as
bearing aecidia and are found as such in the exgi.catae:
Anchusa undulata from Germany (Sydow, Ured. 374), Borago offi-

innlig from Sileeia (SchrBter, III,325), Cerinthe alpina from
%7Y'Germany (Winter, I,218), C. aspera from ltaly (scrh.crittor.
896), ¢, minor from Hungary (Sydow, Ured. 280), Cynoglonsum
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officinale from (?) Germany (Winter, I,218), C. virginicum
from North America (Farlow & Seymour, I,80), Echiwn vulrare

from the Carpathiang (Rabenhorst, Fung.europ., new edit.,
Series 2, 1036), Heliotropium curassavicum |Aecidium biforme
Pr.; Ae. Heljotropii Tracy & Gall.] from North America (Far-
low & Seymour, I1,80), Lithospermum arvense [Aecidium Litho-
sEermi Thiim] from Moravia (Sydow, Ured. 577), lyosotis verna

ecidium Myosotidis Burr.) from Illinois in North America
(Burril, I,234), Nonnea pulla from Siebenblirgen (Linhart,
Fung.Hung,, 327), Unosmodiwi ezrolinisanum from North America
{Farlow & Seymour, I1,80), Pulmonaria officinalis [Aecidium
Pulmonariae Thiim] from Silesia §Schr6ter, II1,325) and Aus-
tria (Linhart, Fung.Hung., 1600), P. styriaca from Carniola
(Voss, II,49), SEenhommaria maritima from Jutland (Rostrup,
VII,9), Symohytum oulbosum Zrom Italy (Saccardo, Myc.Ven., 41),
8. officul_—inale Aecidium Sy ti Thim] from snesiaL'l'Schruter,
I11,525), Brandenburg (Sydow, Ured,, 122), and Italy (saccardo,
Myc.Ven., 42), and 8. tubercsum from Carniola (Voss, I1I,49) and
Bavaria (Allescher, I,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 aecidiosporee, 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 Experimentg 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 arvensisg 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 gll scven experinents done
on wheat turned out ngggg;x%. 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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menis done on rye the number of positive results 18 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
negative. With these results before us we cannot help but
assune that the form on the¢ rye must be a different form fro
that on the wheat, end that the nmecicdium of Anchusa arvensis

bﬁlogqs Yo the Puccinia dispersa of rye, but not to that of
w ea .

In support of a similar view of the aecidium occurring
on inchusa 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 hmd 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-nuserous 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 respect to the aecidium on Anchusa arvensis
that Plowright (VI,168) perceived the rust on Anchusa plants
in his garden for the first tire after he had spme time be-
fore laid a sheaf of rusty wheatstraw in their vicinity, and
with respect to the aecidium on Anchusa officinalis firstly
what Nielsen (V,37) adds immediately after the description of
the infection series Jjust 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 spermogonia and no asecidia
appeared.

The incubation period, which according to de Bary (V,
209) runs 6-8 days and according to Nielsen does not exceed
13 days, ran in the experiments noted in Table 40 between 7

and 18 days. .

. 4, The Third Generation of the Fungus: the Uredo Stage

l. The Time of Occurrence of the Uredo Stage and Its
Varying 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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fable 41. Uredo and Puccinia dispersa on the Cereal Species
of the Ixperimental Field in the Summers of 1890-1893
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time, when no adequately sharp distinction between the forms
had been made, -- that this sp cies, as shown on Table 41,
appeared in the experimental field or 31 June in at least one
rye vlot, and six days later oa six rye and thiriy wheat plots,
and by the end of the month it had reached such extent ard in-
tensity in at least two rye plots that -- if we distinguish
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 next yoor (1891) this uredo
appezred in the experimental gurden 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
ogl{ then did the wheat foram 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
wag 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 plois
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
yesrs, it appeared for the first time on 10 July, and exanctly
a month lster 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., --
What has just been caid is sufficiens to raise the question
whetner there exists such a substantial lack of simultancity
of brown rust forms on the various species of grain, and on
winter grains and summer grains, as we found earlier for the
difrerent forms of black 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 obrerva-~
tions could lay claim to any ¢rcat value; in that year on

7 July two rye plots out of scven were found to be infe:ted,
whiie at the same time not a single svot could be found on a
ain;;le one of the 41 wheat pluts exemined, Still, thoe obser-
vetions of that year do not arford ebsolute certainty in that
question, since a whole month pasced from the first (74 April)
to tne second (2?5 May) 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 thnat were located together in
the northern part of the field. The figures of Table 42 give

Table 42. Time Difference in Appearance of Uredo dispersa on Plots of Winter
Rye and Plots of Winter wheat in the Jummer of 1892

Plots of Ryel]lsS u'r rounding Plots of Wheat
, Number of These Still Clean
Yo Rusty, by Degrees l~sJuly 16 July |30 July
*115 June] 2 July |12 July|No. Yo, |Tiae Differ- Time Differ- | Time Differ—
0. No. No.
ence in Dsys ence in ggxai [ence in Days
1 2 2 2 |5 '4 by 4 31 3 ' 45
2 1 2 2 |3 |2 27 1 31 0| 45
3 1 1 2 |3 |3 27 3 31 2! 45
4 1 1 1 |4 |2 7 2 3 2! 45
5 1 1 1 |5 |3 27 31 31 31, 45
6 1 1 1 |3 |2 27 2 3 1 45
7 1 1 1 |6 |4 27 4 3 3 45
8 0 1 2 |5 |2 10 2 16 1 28
9 0 1 1 |3 |3 10 1 16 1 28
10 0 1 1 s | 4 10 4 16 13 28
11 0 0 1 {4 |2 0 2 6 2 18
12 0 0 1 |3 |3 0 3 6 1 18

Note: 1) Two of these plots were planted with the variety "Michignn 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 1% Juane no fewer than seven
plots of rye (out of twelve) were irf-sted, one severely, while
on the same day and even 14-17 iays later (part of the wheoat
plotc were examnined on 29 June and the rest on 2 July) only
two plots of wheat (of some forty) showed a trace of this Gpe-
cies of rust. W&ot until 12 July, or almost four weeks after
the first apnearance of the species on rye, was its occurrence
noted as a trace on a somewhat larger nwnber 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 whest were adjacent. The
other nine wheat plots were further removed from the infested
rye. Even on 18 July the nuaber of rusty plots of wheat had
grovn only insignificantly, {rom 14 to 19, and of the addi-

tional ones only two lay imnediately adjacent to rusty plots
of ~heat.

The difference becomes still plainer when we investi-
gate how those plots of wheat behaved thcot were close beside
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 4?. If we count from the first day when the
rust showed up on the rye to the first day when it was obaserved
on the neighboring plot of wheat, we find a time difference of

45 days in 14 cases,

3 1 n 19 ”
28 ] " 3 ]
27 " L] 20 "
l 8 " n 3 "
16 " LU 7 "
lo " " 9 "

6 " " 5 "

but among these contiguous plots of rye and wheat it is noted
in on.y {ive 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. 1In the
sunmer of 1892 this uredo form was noted for the first time

on 4 August on 2 plots of summer wheat,
on 9 August on another 2 " " " "
on 24 August " " 7 ® " " "
on 29 August [ LI " 1] " " .

The first of these observations was made 23 days after that

of 12 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 height of the scason. As
sumner rye was grown in the experimental field only the last
sumancer (1893), the data for answering the question as to whe-
ther there is a time difference for brown rust between the
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winter and summer vorieties of this eereal are quite scanuy
in nusbers. But these few ¢t point Lowuréd a time diffc-ence
of ziout two months in the {irc* ap; earance. Once the rust
had begun to show up on the swreer ry:, it developed such a
great rapidity of spread thnt tne diflerence in the prentost
incidence was only slight.

3. _Germinating C~nacity of the Uredospores. -- As o
rule the uredospores oi this speciec Jhow a jood germinat ng
cnonacity, from the beginnin;: of s»yrin~ until late in the -u-~-
tumn. Crdinarily the gera ‘{ube issues 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
gluwiarum; it usually branches into numerous branches (rigure
115). 4t the tips of these branches, however, the content is
colorless. '

4. Infection Lxperiments with Uredo digpersa. -- The
infection experiments done with the uredospores of this spe-
cies are summarized in Table 43,

The results of these infections point in the same
direction as the previously mentioned infection experiments
with aceidiospores of Aecidium Anchusae and the observations
concerning non-gimultaneity of the forms occurring on rye and
wneat. These results lead ws 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-
ment3 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
threz 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 rlumarum, while in tre second (no. 1°) out of
eicht colonies two or perhaps three contained both yellow rust
and brown rust (Ficure 69). Uince trc infectious moteri:l
was <hus demonstrably a mixtur: T tie two forms Ur:ic s umarum
f.sp. Tritici and U, dispersa .'wom whecat, we are juetificd in
the ~asumption that the materiul wmigsht have contained U. dis=-
persa f.8p. Secalis from the beginnirg as well, especially as
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this form wag at its hei~nt at ~bout this time on the ry: and
was not farther than 30-50 moeters frem the experinentnl »lot
frer. wiich the erzperimentazl -ooerial wns taken. -urther in-
fection experiments are neci.i. ..owever, to decice wheth'r
suck an assunption as the acuv: is acrrect. A5 +thir-s now
stcrl grounds are certainly noi lacking for setting up a f.ep.
Trizied wighin the specics Pre:iniz dicpersa as specialived.
LScc nNote.

[Note] Later observations conzerning tse specialization of this spe-
cies nave been reported on the besis of new experinents in 1694 (zriks=on V,
316). ~-Late note, 18 SGeptember 1895.

e. Tie Fourth Generation qf the Funmus: +the Puccinia Star~e

That the spced of development of this funcus is great
may de concluded merely from the fact that de Eary (V,210) in
his infection experiments with aecidiocpores of Anchusz arven-
sis ctarted on 18 June 1865 was able to generate teleutosvores
early in July. Another indicaticn of the scme thing, in Niel-
sen's infection experiments in 1875 with fecidiuw Asperifolii
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-
perimentel 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 it was observed there on wheat (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
firat 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 Accidium Asperifolii, 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 lcast appears to be the
widespread and general occurrence of this fungus in Sweden.
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The mode of develona>rnt shown last here in the table
presents the greatest diffizulty, since according to all we
know this fungus has such a sharply defined localization that
it occurs exclusively on thz bvlade of the leaf. :

- & Locelizetion of Uredo and Pucciniz disperesa

l. f.sp. Secalis. ~= Sometimes in this funpgus we find
in the uredo sta;ze, as soon as it appears in the spring on
the lowest leaves, a ring-shapcd arrangement (¥igure 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 Arerariae (Schum.) Wint. In this respect the myceli-
um 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 paris of
the plants, the uredo colonies 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
accunulation of pustules in the vicinity of the leaf fold
itself is observed (Figure 111 b). in a later stame of the
disesse 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 lcaf had been spattered by a
brusa dipped in brown paint, and it is this scattered location
of the uredo colonies that led us to call this species dis-
persa.

In order to learn in greater detail the way in which
thi¢ uredo form spreads on a sumuer leaf once attacked by it,
et 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 thati 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
e maximum of 25% of the whole surface.
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Table 45. Uredo disperz~ on Rye Le:ver in thc .jummuer of 1892

jfumber of Rust Pustulec surfnce Covered with Rust e+s % of
Leaf T ‘ :
No. 6 July 12 July 20 July Totnl surfnace of Lenf
New {Totzl |[New [Tot-l 6 July 12 July 20 July

1 7 12 19 333 352 0.5 1.3 25.0

2 9 13 22 287 509 0.4 0.99 15.8

3 31 11 48 173 #21 1.9 2.5 1.5

4 9 4 13 160 175 0.4 0.6 8.2

The teleutospore aggregates are found on the under side
of those leaves which bear or nave borne uredo aggregates (Pig-
ure 116 a), and are most numerous at the base of the lesf
blace, They form densely placed elongated stripes (Figure
116 b) covered by the epiderais.

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.sp. 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
ordinerily quite well differentiated both from black rust and
from yellow rust. 0Oddly enough, the pustules reach their
greatest extent on the geedlings 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

tules, they open by bursting the upper covering pellicule
Figure 113 a), when the brown spore dust is freely exposed.

The color of those uredo pustules that occur on the
lecves that the plant bears 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.
Llet us mention here again that the content of the germ tube
of a uredospore of this apecies is somewhat more strongly red
than that of the yellow rust.
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h. The Anatomiczl Structure

l. The Uredo Pustules and the Uredospores. ~- In the
structure of the uredo pusiules no noteworthy cifference has
been observed from that of other similar pustules. As usual,
the pustules follow the chlorophyll-bearing parts of the
supporting surface, in this case exclusively such parts of
the leaf blade (Figure 117 2). Nor do the uredospores (Figure
114) seem to differ from those of yeliow rust, either in color,
shape, a2nd size, or in any other sisnificent way. The dimen-
sions were found to be as follows: for f.sp. Secalig: dia-
meter 22-27 n, or in cases where esrecially long ones were
present, 24-28 x 22-24 n; for f.sp. Tritici: 1826 p or up
to 22-29 x 16=-22 n; and for the form occurring on Bromus
seculinug: 22-25 p. The membrane bears numerous somevwhat
separated spines, which eppear to be arranged in quite rcgular
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 Svots and the Teleuntosvores. =- The
teleutospore accumulations fora 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 compaxrtaments, 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
§e$1b§tratum below them there are numerous haustoria (Figure

1 .

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 which are very
reminiscent of those which iassee (I,47; plate IV, 1-2)
found in studying the aecidia on Ficaris verna and which he
regards as reproductive organs.

The mecidiospores are round or oval (Figure 123);
their diameter is in the first case 20-30 p, the diménsions
in the latter case 20-30 x 19=-22 n. The membrane is thick-
ly covered with small, warty spines.

i. 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.




2. Puccinia simnlex (Kcke.) Eriks. & Hemn. —= Dwarf rust.
Plate 4l, rfigures 124-128,

Diesnosis: I. Aecidium unknovn (lacking?)

II. Uredo simplex. -~ Pustules extremely small, 0.3
to 0.5 mm long, O.1 to 0.2 mm wide, scottered in no order
over the whole upper surface of the leaf, lemon yellow.
Spores spherical to slightly ellintical, prickly, yellow,
19-22 p in diameter or 22-27 x 15-19 n.

III. Pueccinia simplex., -~ Groups of spores covered by
the epiderais, forming on the underside of the leaf blade
nunerous extremely small point-like and on the sheaths
somewhat longer olack spots, EIzch group of spores divided
into compartments by brown varanhyses, 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 j, rarely two~celled, claviform, .
blunted at the tip or pointed sideways, 40-48 n long,
gidth of the basal cell 16-18 n, of the terminal cell

9-24 n.

Bxsiccatae: Eriks., Fung. paras., seand. 120 (II, Smal., 15
August 1882) [see Note]. —- Linh., Ung. Pilze 127 (II,III,
Hungary, June 1882). -~ Rabn., Fung. Eur. 3214 b (III,
Belgiun). =— von Thilm., Herb. mye. 5 (1L I1I, Bohemia,
September 1872); 6 (III, Bobemia, September 1872); 101
(III, Germany, 1867: F. K¥rnicke); Myc. univ. 831 (III,
Denmark, 1876).

[ﬂote] The form also appears in fascicle 9 of this work, which has
recently been published, es no. 431 (Exp., 1I, "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., Dunegirda
— Exp. .

Historical: This form was first distinguished by K¥rn: ~ke
according to Winter, I,218) in 1865 under the name of

Puccinia straminis var. simplex. Ten years later it was
described by Nielsen (IV,5375 as Uromyces Hordei, and in
1876 by Rostrup in von Thiimen's Herbarium Mycologicum Oe=-
conomicum 451 as P. gnomala. It is commonly assumed that
P, Hordei Fuckel 11,135 is synonymous with this, but the
Jatter may be a different species, since the principal fea-
ture of P. simplex, the usually unicellular teleutospores,
is not attributed to Fuckel's species. Fuckel's descrip-
tion as a whole rather suggests the conjecture that he may
have been dealing with the form of P. glumgrum that occurs
on barley.

-29 -




el e e

2. _The Uredo Stnre of the Funpgus

Since this form of rust possaescs only a very minor
significance in this country econonically, the attention that
has been given to it has been relatively insignificant, and
for that reason the contridutions thsit Lave been offered to-
ward describing its nature and developmental history are also
few in number.

The uredo stagze appearec on winter barley, which was
sovn at the same time as winter whecat, on secd'in~s in the
late f»1] -~ in 1891 on 9 October in two experimental plots,
on 25 Cctober 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 upver side of
the leaf (Fizure 124). An indicatior of the way in which this
form spreads during the next 2. days over the leaf which it
has attacked is given by Figure 54.

After the winter is over the uredo again appears in
the gpring or summer earlier, apparertly, on winter barley
then on summer barley. It was observed on winter barley

in 1892 on 27 ¥ay on 1 experimental plot,
on 29 June on 2 more experimental plots, cnd
in 1893 on 10 August on two experimental plots,

and on summer barley

in 1892 on 29-30 August on 17 experimental plots ~nd
in 1893 on 4-5 September on 7 experimental plots.

Even then the pustules are very scattered and exireme-
1y small (Figures 125 and 170), inconparably smaller than in
any of the forms of rust described previously. They are
light yellow in color, rather like those of yellow rust. The
spores (Figure 127) are round or somewhat oval. The germ
tube that emerges from them in germination, as stated by
Nielsen (VI,49) ir 1877, appears to be often branched.

" b. The Puccinia Staze of the Fungus

The teleutospore pustules also form pointlike spots,
sometinmes on the underside o0f 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
and sometimes one-celled, but the majority are the latter
lsee Note].

{ Notd T™he form of rust that Kdrnicke (I,137) said he had found in
1865 on a barley plant from Persia and wanich hnd two-celled teleutospores is
probably closely related to our P, glumarum f.sp. lordei if not actually
identical with it.
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Attempts to bring these spores to germinate were made
repeatedly in the autumn of 1392 in August and September, the
last time on 29 September, but were not successful in a sin-
gle case. 1In the spring of 1893 these attempts were resumed
in lday. The material, which had beun taken from the experi-
mental barn, where it had been kept over the winter, was in-
serted for germination on 8 ¥ay, but still showed no germina-
ticn on 10 Hay. It was different with a sample that was teken
fron the experimental garcen, 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. The 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.

¢. The Economic Imvortance

This species of fungus seems to have practically no
economic imvortance at all in Sweden. In Denmark, on the
other hand, as Rostrup (VIII,66) states, it occurs in the
ear, valves, and glume, a8 well as on the grains, causing
these last to become "empty."

6. Puccinia coronata Corda. =~ Crown rust.
Plate XII, Figures 129-143.

Diarmosis: 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 n.

II. Uredo coronata. -- Pustules sometimes long, up to
9 mmn, 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.andlglﬁmis. ligs:glz; rediish
yellow. Spores spherical to slightly elliptical, spiny,
yellow, 20-32 n in diameter or 23-32 x 20-24 p.

I1I. 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 pzraphyses. Spores petiolate,
usually somewhat claviform, cut off diagonally at the tip,
with blunt projections of varying lensgth arranged in a
circle. The length of the spores 25-57 n, width of the
basal cells 8-19 j, that of the terminal cells 10-19 a.

Exsiccatae: I. Cooke, Funs, brit. 7 (Rhamnug cathartica end
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roamis, Lialy).
rrenae’ sz, Drottning-

{ah. Fran~ula, Italy, 1559); 1

== kriks., jun7. nar, seand, 19 (L

tolm, 2 June 1891). ~- linn., Ure._Pitze 230 (Lh. cribar-
tica, Budapest, Hay 1883); 329 (a

suamer, 13884). —-- 3yd., Ung.i. 62 . _cnthactica, Hungary,
July 1883); 463 (ilh. Iron ziia, Gertany, dunc Lo90)., =—

von Thimen,Herb. mve. 212 (4n. Sriwmla, Bavaria, Junc

1874); 266 (ih. cninorticn, ocwvorsa, eune 1674); Fycoih.
wnive 228 (Rh. sran~vln, severie, summer, 1874); 375 (Rh.
cathartica, Bavaria, 1874); 933 (ih. vrinoides, Cave of
Good Hope, October 1876); Iung. ausir. 656 (un. Fransula,

Bohemia, spring, 1872).
II anéd III: Eriks., ™z, orr. ncend. 171 SIII, Axrog-
8282) |sce Note). —- Linh.,
n

tis vulseris, Snmil., © Ccoouer
Unz, Pilze %6 (III, Phal~+wis crrncinacea, Bunrmary, 1632);
270 ZII,III, Triticum rep:- 3, Uctoser 1833); %29 v (1:,I1I,
Glyceria_sgpectobilis, hLurnzary, September 1834). -~ Rebh.,
Fung, Eur. 692 (L1,11I, fvena sp., Germany); 3510 (III,
{yena sterilis, France, Ju ). -- facc., ye. ven. 124 (11,
II1I, Triticum revens, Itcly. Ju-ust 1874); 479 (1I,III,
flyceria cauntien, 1tzly, o:ptewber 1875); 480 (11,111,
Inlium veranne, italy, iewt=moer 2.875). =- Syd., Ured. 120
(ITL, Glycerin gnestebilds, Germany, 26 October 1879); 171
(III, Festuea rlonecuwos, roriucar, July 1889); 264 (1ilI,
Triticum repens, Germsny, 1 sovember 1885); 272 (11, Adra

Fh. Fran—ula, Ensland, Mo 1365)
NS
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flexuosa, Germany, July 1383); 31% (II,III, Hierochlon 8p.,
Germany, August 1889); 364 (III, !lolcus lanatus, Germany,
Aurust 1890); 563 (III, Avena hybricn, Germany, October
18913; 564 (Calemn~rostis lronceolntn, Germany, September
1891); 613 (11i, Calamnrractis rrundinacea, Germany, 25
Sentember 1891). —- von Tniunen, run~. zustr. 376 (III,
Calamagrostis Episeios, Austria, autumn, 1871; open pus-
tules, habit similar to P. craminis); 377 (III, Avenn sa-
tiva, Bohemia, autumn5 1872); 634 (1I,III, Holcus lanatus,
1 4

Bohemia, autumn, 1872

Y IO

945 §II, Holcus lanatus, Bohemia,
summer, 1872); Herb.mve. 51 (III, ivenn sativa, Bohemia,
Septemﬁer 1875); 158 (111, Holcus rnollis, Boheéia. October
1872;; 311 (II,III, Festuca elatior, Germany, September
1875); lLive. univ, 1124 (III, jiolinia coerulea, Germany,
April, 1874).

[Note] In the recently published frzscicle 9 this species also ap=-
vpenrs: HNo. 436, f.sp. Avenne (Avena cative, ¥xp., 1I, 17 Scptember 1690;
I1I, 15 September 1892); 437, f.sp. Alopecuri (III, Alopecurus pratensis,
Exp., 5 October 1694); 438, f.sp. Festucre (I1L, Festuch elatior, £xp., 5
Octoter 18%4); 439, f.sp. Lolii (II, Lolium perenne, Borgnolm, 20 July 1894;
440 (II, Agrostis vulsnrie, Eorsholw, 20 July 1834); 641, f.sp. Cnlom~rose
tis (II,III, Cnlemarrostis arundinace:, «xp., Jeotember 1634); 442 a (i,
lancenlata, Berg., II, 19 septeumber 1iv4; 1.1, 1U Cetober lu)4); 442 b (1II,
C. propmitoides, Berg., 10 October 1t #4); 44, f.sp. Molicoe (Il, Meliga
nut.ng, Exp., 23 September 1894).
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Hos* Plrnta: I. Hwr-nus cathertiecn (Z:41., Lyckis -- 01.,

Borgholm, June 1286: A. Skinber; -- Cotl., Visby, June
1351: G, Uchotte == Unl., Uppszie). ==Rh. Froan~ula (Sk.,
Laind: E. Ljungstrbm, 1,120 -~ Boh., Siigvik: 6. Lager=-
h=im, I,151 -- Gestr., Givle: G. Schotte, July 1891)., ==
R, crandifolia (Lxp., artificial infection indoors; only
spermogonia, out these in abundance).

II and III. p-rostis vuleoris (Ssl, -- Hels., Ramsjd,
24 September 1891; urecdo only). -- Alopecurus pratcnsis
(Exp.). -~ Avcnz sativa (Sk. == Dal,., Mora). —-- Calama-
grostis arundin-cea (Exp.). =-- Fectueca elatior (Exp.). —-

Iolium perenne (Sk., Lund: E. Ljungstrom, 1,120 =- Exp.).
-- iHelica nutans (Exp.).

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

I. Berchemin volubilis (Farlow & Seymour, I,15). --
Bhamnus alnifolia (Farlow & Seymour, I,15). =- Rh. alpina
(Saccardo, 1,623). == Bh. dahurica (Barclay, I,358, India).
-= Rh. lanceolata (Webver, 1,62, .Jdebraska, North America).
-~ Rh. oleoides (Cornu, 1I,182, France). ~- Rh. utilis
(Cornu, III,2, France).

II and III. Asrostis 2lba (Dietel, 1I,42, Germany).

-- A. Hookeriana (Dietel, 1IV,2%0, India). -- Aira caespi-
tosa (Dietel, 11,42, Gerrany)., —-- A. flexuosa (Dietel, 11,
42, Germany). —— Androposor Ischaemum (Voss, 11,48, Carniola).
— Avens barbata (Lageraeim, 111,8, Portugal). -- A. bre-
vis (Kirnvach, 1,10, Germany). —- A. elatior (Allescher,
1,28, Bavaria; Schr&ter, I1II,324, Silesia; Dietel, 11,42,
Leipzig; Voss, 11,48, Krain |Carniola); Plowright, VI,
164, England; Klebahn, I,340, Germany). =-- A. fatua
éSchr6ter, I1I,32, Silesia). =- Brachypodium silvaticum
Barclay, 1I,227, India). -- Bromus esper (Schrtter, 111,
324, Silesia). ~— Bromus inermis (Schroter, III,324, Sile-
sias. -- B. mollis (Sorauer, 11,223). -- Chrysopogon coe-
ruleus (Dietel, 1V,230, India). -— Cinna arundinacea
(Webver, 1,62, liebraska; Farlow & Seymour, 1,146, North
Americas. -~ Dactylis glomerata (Plowright, VI, 164, Eng-
land; Poirault, I, France; Klebahn, I,340, Germany).
Fcstuca alopecuros (Lagerheim, II1I,8, Portugal). =-- E.
arenaria (sielsen, V,40, Denmark). -- F. srundinacea
(Allescner, 1,28, Bavaria; Farlow & Seymour, I,153, North
Aimerica). — F. distans (Schr8ter, III,324, Silesia). —-
F. gipantea (Schr¥ter, III,324, Silesia; Voss, 11,48, Car-
niola; barcley, II,227, India). -- F, littorea (Nielsen,
V,40, Denmark). -- F. loliacea (KYrnbach, I,1C, Berlin).
-~ F. ovina (Nielsen, V,40, Dcnmark). =- F. rubra (Niel-
sen, V,40, Denmark). == F. silvatica (Schrbter, III,3?74,
Silesia; Plowright, VI,164, eEngland; Klebahn, I,34, Ger-
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s Bavarin; Kfrn-
Silecia; Dictel,
13 Poirault, I,
Baveria; 3Schriter,
England). -- Hor-
; Bolley, II,7, Indi-
ana; Panmei, 1,2, Iowa; Loverdo, I,181). == Jolium multi-
£lorua (Schriter, III,324, Silesias. —= L. 8nceigovm
TlenrSter, 11I,324, Silenin). -- : inia _corruica (2iectel,
1i,42, Leipzigs. ~~ Pnaluri: ~ruiidiracca (Alicscher, 1,28,
3 wvaria; Schriter, III,3?4, Lilesla; Yarlow & Seymour, I,
1.3, North America). == Pipt:t=-~u- holeiforne (Barclay
11,227, India). == Poa ncig.oiic (Voss, 11,43, Carniolas.
—~ P, trivinlis (Voss, 11,4, Carniolas. -~ Scolochloa
T sstucacen (aarnbach, 1,10, Berlin). -- Secale cercale
({3olley, 11,7, Indiana). -- Triticum caninum (Schroter,
111,324, Silesia). ~- 7. rleoucum (Webver, 1,62, Nebraska;
Farlow & Seymour, I,146, Korih America). -- I._ repens
{3chr8ter, 111,324, Silesia). -- T. vulgare (Burril, I,
200, Illinois; Bolley, II,7, Indiena; Farlow & Seymour,
1,155, North America).

mony)e == Holena lonatus {A1le:zdier,
v-¢ch, 1,10, ieriin; Senrijier, Ii.,32
Ii, 42, Leipziz; Vous, II,4E, Carnio
France). == H. 1ollis (Alleccher, I,
IiI, 324, Sitesia; Plowr.chy, V1,154
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S

Historical. =-- The gecidium stzge of this fungus is described

in 1791 by Gmelin (I,1472) on Rhamnus =-- species not given
-- under the name Accidivwm Rhamni ("thecis cylindricis ro-
seis, seminibus aurantiis” [with rose-colored thecae and
golden seeds]), and ten years later by Persoon (II,208) as
decidium eracsum. In 1803 Schumacher (I,225) divided this
aecidium into two species, one of which he called Ae.
Franculae ("ore integro” [with the mouth whole] on Rhamnus
Frengula, the other Ac. Catharticec ("ore crenulato" [with
the mouth crenulate] on Rh. catnartica. Just two years
later Lamarck & de Candolle (I,242,244,245) described no
fewer than three Rhamnus aecidia, one called Ae. Rhamni-
alnini, with circularly arranged sporecases, on Rh. alvina,
a second called Ac. cragsum on Rh. Francula and Luonymus,
and the third Le. irrerulare on zh. cathartica. The last
+wo 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 1825

Link (I, plate 2, 60) -- while at the same time criticiz-
ing Lamarck & de Candolle's differentiation of the forms

-—- himself set up a Cneoma erzssatum on "Rhamnus species,
Frunus sninoen, and other rosaceae,” and a C. Rhamnatum

on Rh. Fran~ula, tane forner of which he includes in a

;xoup that he calls C. 3insrascotun ("pscudoveridiis emer-
sis" |with pseudopericis turned upward]). A further ;roup-
ing is found in wallroth (I,257), who in 1833 puts all
uhamnus aecidia down as a subdivision e) Rhamnorum of Ae.
poculiforme on Berberis and on FPhillyrea, a species of
asecidia which also includes the accidia on luonynug.
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Lat:r we find the aecidia of ti2 twd cozmon Ah-mnna species
sozetimes separated arain, as in Xick (I,47?) in 1857, who
includes Ae. crrncum on Xhamws Froqrula with a subspecies /3)
depauperatim whioch also occwrs on *.ae same Rhamnus species
and sometimes on the same leuves as the main species, ané Ae.
2hamni on jth, catrhortica ani Rh. zlainn. gl

bext in time after the rocidicstaze the puccinia utage
was distirn~uished, first by Cuiua (L,8) in 1837 under the
name Puceinin goror-ta, if we zre to assume that although
Corda states that nis fun us occurreé on the leaves of Luzula
albidn and draws it with very chorp poinis on the crown, he
did have the same snecies of fun;us trfore him that is czlled
crown rust in these days on oais, rye rass, and other grasses.
A few decades ago there vere great nisgivinegs about such an
identification. For tha% rerscn in lelsium first izthieu (I,
434) in 1853 and after him Wecutendorp (I,235) in 1854 dis-
tinzuished the form of erowa rust occurring on rye grass as
P._coronatn var., Lolii Bellk., characterized by blunt prongs
on i:e crown. In Sturm's Flor. von Tcutschland (Flora of
Geramany) (I,5) Preuss in 1857 uccepied a new 5pecies, P, ser-
tata, with blunt prongs on the crown, vhich was said to oc-
cur on "the common cane" (? = Calamicrostis sp.), while
Corda's P, coronata was "found in tac same place on the leaves
of barley." And apparently: independent of the view of the
two 3Belgian researchers mentioned, Nielsen (IV,551) in 1875
set up the crown rust of ryc grass "tentatively" as a species
to itself, DPuccinia Lolij, beside P. coronata on "oats, bar=-
ley, and other srasses." 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 analysis
of the main lines of the developmentzl history of the crown
rust of grain (1866), although the above difficulties con-
cerning identification have still not been entirely overcone,
in general de 3Bary'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 certaip grass
and cereal species, although the number of all puccinia
species 80 far described now amounts to some 500,

Very recently Xlebahn (I,340) in 1892 divided this
species into two, P. coronsta I (P. cororata in the narrow
gsensc) on Dactylis rlomerata and festuca cilvatica with ceci-
dia on Rhamnus rran-ula, enc P. corointa II (P. coronifern)
on lolium perenne, iAvena gctivi, A, elatior, and Festuca ela-
tior, with aecidia oa Rh. c¢7.:.rtica.
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On the sene prineiplec that we nave followed in deal-
ing with the specics of rust descrived earlier (cf. pases
90 If. above [i.e. in the original work]), we group the
two species, as well as other little-known or unknown forms
of crown rust on grasses, tentatively under the common
designation Puccinia corvirziz.

The uredo form of this funcus appears to have been iso-
lzted at last. The first sure deccription of it is given
by Fuckel (I,10) in 1860.

a. The Resting Starve of the Tur~v3z During the Winser

Since this species o rrst nstzclts only oats among the
cer21ls, and since tne wint: ¢ :.ty, which cannot endure the
winter in Sweden, has been grow.n only to a very insi-nif:icant
exteat in the experimental field, namely in the autuan of
1892 in one experimental ploi ¢f the field, and besides that
in very smzll quantity in the experimental garden and among
barberry bushes, we have had very litile opportunity to ob-
serve and {ollow any occurrence of this species on seedlings
in the late autumnn. If we insisted con drawing conclusiors
from these few observations we sihioulé have to believe that
this species of rust does not cccur cn the young vlants in
the late autumn, for at neither of the two plantinzs mentioned
was it possible to discover even a trace of Uredo coronata,
altiough this species of rust occurreiguite abundantly on the
adjazent summer oats plots of the exprerimental 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 dropned there. Several of
these seedlings in addition to the black rust uredo bore Uredo
coronata as well, and tais 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 i’ found here and there in the rele-
vant literature. Thus XuUhn (II,401) says in 1375 thot crown
rust lives throush the winter in the urecdoform on Holeusg
lanatus, for "in the middle of tre winter the uredofornm is
found in all sta;zc3 of development in fall sproutinnss of this
grass,"” and he even adds, "the uredoform that has lived
throuzh the winter develops furiher uninhibitedly in the
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spring.” Von Thitnen (II,24) cys the same thine in 1886
about crown rust: "uredospores also live throurh the winter,
chiefly on species of grass that grow wild, and the youn:
oat crop is then infected by them in the springz." bBut Bor-
clay (II,228) expresses himself most ¢ircunstantially, when
he says in 1891 that in India in the Puccinia coronata var.
hirmalensis on Piptatherum holciform2 ani Frctuca ~i~nten

the uredo pustules are to be scen "in abuncznec tnrcuchout
the winter in shady placea and in the beginning of soring on
tender, still undeveloped leaves." The cause of this pheno-
menon in his opinion lies "either in an uninterrupted produc~
tion of uredo throushout the year" or on "the mycclium's sur-
viving in the root." Barclay himself, however, cn2lls the
first essumption "an improbavle hypntaesis," and as to the
second he states that "in the nicroscopic examination of the
root no hyphens have been found," thouzh at the same time he
mentions experiments that make this assumption probable to
him. "At the beginning of the spring a  plant with dry
leaves bearing numerous teleutcospores was dug out of the
ground and the plent was kepl in a lzboratory with its roots
in water that was regularly renlenishad. After a short time
the plant 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 Sveden in this respect, in 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 O represents the absence and 1
the presence of uredo pustules on the plants observed.

Table 46. Uredo cororata on Several 3pecies of Grasses in the Experimental
Garden in the Winter of 18y1-1592

Yo. | Species of Gross { Date of Observation
* ‘ ! y [ Y |.- '.‘-IV o :l_l '-_'.— |—l—-'4:|ﬂ .‘—'; 1 LR )

} P ie v 1 Al I )

: : : i : |
P01 1 Agrostin vulgarie . .. . L L L Y | 0 o CE i 0o ! 0
IR S e 1o e -|-! Y
% Alupeeurus prateosis ., . IEEE B EE T DN | o l
D4 Cabanagroetis arumiinarea® L L0120 L] - L 0 o) s b
: D, Festuen clatior. ... . . . ... 0 SN ! (LR 1 0 L0 0|0
b ’ Y e Srbie o Lo, ‘-1 0
¢ 7 . Lelium perepne . . . . . . .. O SRR T U A TR AR ; i 1 :
oo® f Meliea nutans . . ... ... 1 S O A I 10!

Notes: 1) On withered leaves generclly. — 2) Some green leaves were
to be found., == 3) Whether the form on these host plants really belongs to
Puccinia coronatn is not quite clenr. -- 4) lew leaves rustfree; uredo gen=
eral on withered ones.
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In no case did we stuccc:d in Tinding a single new uredo
pustule on the trancplantec plznts ia the new year, at lcast
before the cnd of ilzy, a2lthourh by ta-t time end in several
cases cven one to two monllis earlier rreen leaves occurred
generally, Tieze ohaewyntions thus do not _attec: the hvoo-
thesis that tho urcco lives throusn the winter on wild srasses.

deanvhile during the same winter on one of the species
of grass indiccicd here, [folica nu*n-s, crowin-~ outdoors in
the woods of the experimenval rield (zt the Sjvstursan), the
uredoform was found on withered, crurpled leaves not only on
31 Hovember [sic] but also on 5 April, still capable of
gerninating on the latter date, and on 27 Kay fresh uredo
pus=ules werc i0 be geen on nculy coprouted leaves at the same
spot. The next winter, tco, urcdo canzble of germinating
were found on withered leaves of this grass on 1 December
1892. Germinating experiments with material taken from the
same place on 18 .larch the next yesr were unsuccessful, how-
ever, as no gernination had taken nlzace after five days.

b. the FPirst Genarotion 0 the Tun~u3: the Pronmveclium 3tage

1. The Grarminatin~ Season of tho Teleutosvores, -- AS
to the time when the teleutosrnores g2rminate, de Bary (V,211,
213) says in 1866 that gerninztion takes place "after hiber-
nation," early in the spring, and that "at the end of the
soring no urrerminated spores cavjable of germinating are to
be found outdoors." The scme opinicn is expressed in all
the more recent publications eg well. And from India Barclay
(I1.230) writes in 1891 that ihe teleutospores of the form
whi-h oceurs on Erachynodivm_silveticum germinate after the
wi-wier has run its course, "fiow tae end of March until Au-
gu.-," but those of the forms which occur on Pintatherum hol-
ei“~rme and Fesituca elatior "cerlier, in the laboratory as
eariy as 15 february."

At the experimental field in October 1891 the capabil-
ity of the teleutospores o the forms occurring on Festuea
elatior and Cnlnmrrrostis arurdinacea to germinate was tested
in aumerous experiments, but zlweys without result. At the
beginning of Xay of the next ycar, however, the spore mnterial
taken from Festuen elatior showed rapid zond gereral germina-
tion after only 24 hours, as ¢id the material obtained {rom
Alopecurus vratensis. Generally the geriirnation of both
foras was on 25 .2y that year. In the last-mentioned cases
the material had stood outdoors throushout the winter. 1In
the soring of 1893 the telcutospores generally germinated on
25 May after 16 hours in the orm on ;vena gativa, wahich had
also been outdoors over thc winter, and its germinction last-
ed until 2 July. After that day, on the other hanc, thc ger-
mination results were poor, probably because the majority of
the spores had already geraminated bciore they were inserted
for germination.
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2. _The Cowprne o7 the "¢ svterpars Cavnirstion. -- Yhen
the Zeleutounores v inste. s+ oom Lice, in She wounl wow
generally first emerses frow th: Seorminal ccll {(Firure 1355
and then alge from the base c2il in tae form of a thick,
strong thread. From the termiral cell the germ tube pushes out
-between the prongs of the erown, Troa the base cell directly
beneath the partition wall. The content of the pronyceliunm,
like that of the sporidiz, =s de Bary (V,211) notcd in 1856,
is yellowish red in color. BEut here, as in the fermination
of the teleutospores of black rust (c. pase 56 above [i.e.
of the original work]), sometimes no sporidia formation takes
place. Only a long proiruding, much branched, sterile pro-
myceliun develops ?Figure 138§.

Because of its stronsly yellow-red colored socridia
this species is very well suited to microscopic studies of
the course of the sporidia foriaation. Accordingzly, in the
spring of 1893 very numerou: studies of this spccies were done,
some on a glass disk as a bcse, and some on strips of epider-
mis tzken 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 unmictazkable when the base was
taken from an oat leaf as from a rhamnus leaf. A4s soon as
the tube had reached the wall of a cell beneath it, its
growth in length ceased. If the undesrlying layer of cells
was the epidermis of Rhamnus eashartica, the tube bored direct-
ly through the epidermis wall with its *ip and emptied its
colored contents into the hollow of the epidermis cell in an
irregularly branched thread (Ficure 141). 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 trread or of the sporidia
to the underlying strip of epidcrmis from an oat leaf (Firure
142) was also very peculiar. Here agein a rapid pouring out
of the colored contents took plice without the previous forma-
tion of a germ tube (Figure 142 a). In several cases it_even
aopeared as thoush this outovourins wire connected with a
borin.s through the enidermis wvall, e did not reach complete
certainty in this matter, howcver, sirce at the beginning of
July, when these experiments were in full swing, the germina-
tion of the spores began to decrease end finally stopped al-
togetner. It should pe superfluous to point out how important
it is to achieve complete tertainty concerning this phenomenon,
for here lies the soiution 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 thnis species, and in that case probably in
other heterocecious uredineae.
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In some coo-n the w17 s3f recondery sporidia
vas -lgo oblerves ia thic Loacl oo ('l use 142 L),
Be InCogtian Tupap oot s Deaninis anronnta, e

The .irst successiul inrcCe -n wrinerizenvs wiin enoricia of
thiz cnecies that are mentiored in th2 literatvre are those

of do Bary (V,211) in 1365. The snocies of the host plant

from wkich the teleutosncres were 1-0:-2 iz rot iven, but the
assuantion that it was one o *‘he Folecus zeeclies i orobobly

not unjustified, circe Holeus 1. ucittionzd as ta2 only xind

of /»zss5 on which this fun;qus v Ly preforence outdoors.”

An inoculation done on 25 10 gproduted

yellow €pots on the inoculn T = lec. ~oter 10 :
days and gprermosonia ana accidia chortly altervirds. after f
that time as Iur o we inow ro infeciica exverinments of that

kind arec mentioncd wntil touverd trne ¢ad of the ci~hties FPlow- '
ricat (VI,164) in 1839 reporis ihat ia numerous cultures he ‘
produced zecidia with teleutosrores from Docivlig ~lomareta
and leciuca silvatien on 2invnug froncrla, but never on that
host plant when he ot the actcrial from L2lium rnorenne.

At about the some tinme Eerclay (II,232) carried out
his experiments in India with the forms that occur there.

The first of thesce exveriments wos done in 1889 on 25 June
with matericl that had beenstaken froa 2-nchypodivm silvaticum
on a1, dahurica. After nine doys numerous cperaosoria had ap-
pear:zd, anc aiter 22 days youn; accidiz. In 1890 Barclay did [
ten infection cxperiments on the cane rharnus species from
11 April to 2 July with materinl that he had gathered from
16 Jaruary to S5 February, vartly from Erachypodivm, partly :
froa Pintzthervn, and noartly Zrom Fastueca. The three inocu-~ ,
lations with macerial from <wacirngiit— in particular yielded .
beautiful positive results, —— usperiacsonia beginning after '
5-6 jays and finzlly =aecicia in tvo coses on 27 of 52 inocu-

la‘ed lcaves, and in the third case "numerous aecidia sprois

on a number of leaves." The experimenis done with nmaterial \
gotten from Pintatherum had a somewvazt inferior result (4 !
cases), for only 15 oI 64 inoculnted leaves gave a positive

result, and this was also true of the expcriments done with
the material gotten {rom "Pinzatherum or Fastuea® (3 caces).
Bzrelay is of the opinion thut these exveriicnis prove the
rclationship of the form on 3rackuyrofin~ to the accidia on
Zh. daburie~, but says that the rolationship of the forms oc-
curring on tac other grasses to the accidia of the rhamnus
species mentioned was not satvicfactorily shown. And if there '
is in Tact a relationchip here, it in still odd that the

foros froa 2 lostemersiornnd snecics of srasses are SO nuch

harder to grow, ond that this diffiewliy monifcsis itsel! in

the fact that when infections uare done with thes the cycle

goes no further than the development oI spermo_ onia.

Lagtly we must give our attentiorn to the experiments

- 40 -




Table 47. Infectinn Zvreriments with fnoeinis eamarata

oxp. tafrciious M-terinl wpts .
T T T T evws ELNRLS Infected o ® fncuba-
oo i . A g KN
; u"nt’.\ Infected . i f,‘.';';“ 1ok
: ' . & T e
Mo Date Origin o _» i . AN Ny P
RN s % Pos [ n

' N §T gSpeeter 2 jatodtm QA= we o !
IS - o 7. tion tﬁ»"’;‘ vy B )
g _",, Jﬂm.)_p'

: ! ' Days !
LB Cesen ehdioe L 0 N Tierbenie videars L : —_—

Phanus catlinetie. 1D Buds + . , 6 t o

¢ Anehuse Artensis - c - : !

Rivanus Frongala | - - Buds - o ’ . l i

' eathartien = 1 1% + B U] f i
(RIS '“‘ > » Lt l-"'b: e . r ’7 B ] I
T8I 2 Avenn wativa ., . AR I Pran_ula - 1 20 Leaves — ; ’ )
D Y D )i 3 ‘ eathartion . 1 20 + 0 1707 : ll .
LTI A P I LR Pranewia  Lo2n 0 — ! L
0 2+ > > . l R E catlinrtien 1724 R + i M4 61
. » el e b e il 1IN ge) T R
e, b S T T T T L U
llii LA » N eathnrtion® 1. ¢ 4 , + } { |

Notes: 1) Spermogonia developed very scund-ntly and strongly, but
no aecidia developed. -- 2) Spermogonia very scanty, on only one spot. —-
3) The whole plant was spriniled with water containing sporidia, and as a
result the whole plant became covered with rust.

carried out very recently by Klebahn (I,340) with the teleu~
toaspores of Zolium nerennc 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 a2t 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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© e cmmn ot maaw .

B ITR

riteor of infections with results

with trancfer of muterinl T
irfinitely doubifully definitely

froz to prsitive  positive  negstive
+ (+) -
Festuca elatior “hnanus cathortica 1
" " " Fronmula . . 1l
" " Eerberis vulsaris . .
° " Anchusa arvernsis . . 1
Alopecurus pratensis Phamnus eathertiea 2
Avena sativa " " 3
" " " Tranculna . . e
" " " erandifolin . 1
" " " flnifolia . 1

In other words, from the three species of grasses there vas
one positive result on Rh._ catiartica, ané_from tv0 of them
negative results on 2h. rrontula Loee Notel.

[I\'ote] For loter series of infection experiments see Iriksson, V,
317, end Klebshn, III, 129 ff., md IV, 151. --Late note, 18 Sept. 1&95.

¢. The Second Genecration of the Punmis:  the Aecidium Stare

The time indications in the relcvant literature with
regard to the appearance of aecidia on 2hnrmnus species are
relatively very few in number. TI'rom Zurore we know of none
besides de Bary's (V, 21%) from 1860, wnhere he says that they
develop "only in the cprins," ond Iielsen's (IV, 554) from
187%, where he says that "tha zpirirng is their flowerins sea-
son." In India, a5 Barclc) reportc in 1887 (I,358) and 1891
(I13,227), the eecidia on Ra. drhurica "are completely mature
in the last half of oy, but more comzonly in the middle of
July." Here in Sweden thi= acziilirm annenrs to_core out at
about the same time as that on tae birucrry. A beginnin; T of
spermogonia fornatlon on Fr. c-ih~itinn vas obgerved 2t the
experizmental field in 1897 on o Juwc and oven aecidia on the
sanc host plant in Uppsala on 12 Jin: in 1892. Abundzntly
devecloped zecidia were collected from the same Rhamug sye-
cies at the Xinnckulle (on Viner lck2) on 16 June 1£%9.

Therc were no resulis Irom th2 firct exneriments that
de Pary (V,”212) Qid in 16€% to produrs rust on onis and o~ther
cereal species w1th accidin spores from hommpy rom mileg
thic has now found its natural explarntion, sinee is b

been
prnvnd that the crovn rust of ozt: iz not to bec associatad

with the aecidiun on Rh, F~rnrvina, bat with that on ih, crthop-
tira, Nielsen (IV,55C) hoi o-'ior success in his experinents
wita aecidiospores iroa gth. cotanrtica which he trancferred
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ran o 4 made bt o

to rye grass. Thesc exverisncoe doie on 15 June produce!
uredo spoiz affer nine dnve, wino Lol exneriments with @ 2ci-
diospores from “n. v o, oL Ve ¢nier vynd, had o oner a-

e

e e - e - - b
v

tive result. Niciion obuaiicC the scme result in 1377 (7,29)
after repeated experiments. I 1839 Cornu (II,181) mentions
experiments with aecidiosperes froz [h. cathortien waich he
inoculated on oats, obtainiag o positive result after 21 days,
end z2lso successful experiments with accidiospores from 1.
olcoides. Lastly, Klebahn (I,338) obiained uredo on 16 June
and puccinia in August with necidiosrores that ne transplant-
ed on ? June (1892) from Zh. cathartica to Jolium perenne.

- e have had no opportuniiy our;cives %o carry out successful

experiments with the aecidiospures of this species of rust
[see Note].

[Note} For new infectinn exprriments see Eriksson, V,325 =~nd 319
and Klebshn III, 129 ff. and IV,152, --Late note, 18 September 1895,

d. The Third Generation of the Funr~un: the Urade Stage

1, Time of tnne-~rnnce. -~ The mentions of the first
appearance and tne zctual period of Ilowering of this fungus
in the uredo staze are very brief. From Europe, as far as
we know, only two reports ere available, an olcer one from
Nielsen (IV,552) of 1875 tc, the effect that "at the end of
June or sonewvhat later rust bezins to be general (in Denmark)
on rye grass, but it is rot 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 Lolium perenne develo»s "an abundance of uredospores”
in England, ‘but only in the autumn, from September to Novem-
ber," vhile on the other hand the form on Dactylis flomerata
is "an early suumer species with a much more scanty develop-
ment of uredospores." In India, according to Barclay (II,
228), 1891, uredo pustules of the Indian form or forms o7
this species develop "at the beginning of the spring on young,
still uncdevelopcd leaves, evan before leaves can be seen on
Rhamnus.”

The observations concerning the times of appearance
of this uredo form that we have had an opportunity %o ma'te
are shown on Table 48 below.

It will be scen fron th2so obs:rvations, scanty es
they are, that this uredo form, at least on oats, aoes not
annear until lnte in the stmaer, and perhaps even later than
bl = rust on the same species of cereal. It will also be
geern that botna the anreorrrez and th: neak season vory -n dif-
fervnt years. 1nis rust was very proiuce in 1320 ("a crown
ruc . year"), less numerous in 1892, and very scanty in 1993
[see Note].

[ Notd On varintion in indiviiuel yenrs see also Friksson, V,323,
~-Late note, 18 September 1895.

- 43 -




Notes: 1) In 1871 tne o-t cron at
it wos not worithwihile maizine furtner
new leaves, == 3) On ihe experpivnont 1 i

S

7. (‘ Y‘”*w\*wv\» f‘n ~ur\-4-v- ,—,f' 4- -

e e e e

Zuronean litcrature 2ppears ,io cosiyi.
cerning the ~erainoiinsg canrcity o tre
course of their gcrmination. Earcley

speaking only of the gerwinating coarmaci
forms when he coys that the Ureiosvers

y
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ihe errerizontal ficld did so badly that
Se e 2) At Fer~iclund on
. Teor tue riluny station,

Cnrmoros, —-- The

7o ir.ori-ition con=-

nrcdospores nnd the

TI,%23) in 1901 ig
Ty of certinin Indian

the forss on i

$atherum and «rﬁ‘uca rete their e:ipacity to goruinzte ior
a lons time, ia one case Iroﬂ 18 Januzry to 2 June, or about

4 1/2 months. These spores were on 4=y
puccinia but only a few wroede pustul *;

; leaves with numerous
the leaoves were

gathpwed on 16 Junuary and cut indc szall pieces. and were

then Xept in beakers lighitly covered wi

th watchslasses, in

a room. Cn 2 Junc they were scraded o>7f and kevt in a moist
atmosphere, and alter 24 hours tiaey gerainated well.

e
(]

l.J
ct
'3*

In the erperirments done with
experimental ficld the cernmirating o

-V

o>
t.
an

3¢ uredosvores at the
gity 2luavs proved to

be ood. The germ threads ioved un
tven after freﬂzing the germinuting ce2
these soores gcerzinated aencora’ly a'tor
beg 1nnin~ to germinnte after or'y four

7. "'1(‘-.017',,.1 -(.‘,.-....',\,4_-,. —oiet
tion exveriments wibta wrcoo. oo n o

mensioncd only by Liclger ( T, oe) n
after dnoculntion with tho wece Jrom o
obtnined urcdo on the inceu.rtca onebs

days ond beqsinnin~ puccirnis en B wnlde

-~

fourteen days. 1in¢ cxiperimentic donc ot
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Trele 49, Inf ction Mererinents wita i2via ononote

Late fecws aty oo ’i Resnis
i e e - - ace - i
In‘t«.‘twn Gevaunats ?‘:‘“{’ I“‘e‘te‘\ 15\‘!(.1&1 o EaN
ing Cape- ‘ g
Lo &ty 5o -
o ongia o Ty - $T8
’ r o Z. ! 18 o4t AR Y
ve Date m fe Species 13 Tosbon _ %,
e R A5 e =
101801 1Y Culanecrostis arandiaa- {
[ U Avenn s o L k"'é "we, —
LR » 2 Cho . — .
5 OINT SE Mvena wativa . . . 0 4o b feMs 1
H . . LN . o T ae L0 Y » o i
Ch IR Alaewenros ens’s P e .. s levea
YR © NMeliea mtans L0 0L WY . ’ N I . -

Note: 1) Pnle rpaots apnecrred 2% tuc points of infection: 1 after 17
days, 3 efter 19, and 4 after 21 d2ys, but cven after 25 days no uredo pus-
tules had coze out.

field from 1891 to 1893 are shown in Table 49.

As the table snows, ‘in no case did the transfer of
spores from rlonecurus pratensis, Calann~rostis orundinacea,
and lMelica nutns to oats suscccd, aud only one infection
exverinant from oats 10 oats vielded 2 vositive result.

&, Puceinins coronatr 1 Cocllcoe*ive Sneceies. == There
is no doubt that in _this svneiz2s, Loo, there is a specieliza-
tion of the forra on _the voarica hcsh vlants that is analog-
ous to that waich we have encountiered in the species discussed
earlier, even thoush the infzction exneriments on which a
correct differentiation of the forms must be based are much
too few in number in this case for a correct differentiation
of forms of the species as a whole to be done. Iifeanvwhile
we zre perhapns justified on the basis of the experiments
done both with *telcutospores and with aecidiospores as well
s with uredos srcs in assuning for the time being the fol-
lowing classification of the forms:

Series I. AeciGium on Ihemnus cathortica (?Rh. oleoides,
Rh. rrandifolia) [Puccinia coronifera Xleb.J:

f.ep. Avenae or. Avena sztiva end Lolium perenne,

f.op. Alorrcuri o ‘Manconyy rnhiratn,

and the forms on roctucn ¢':t. .2 and frenn elatior.
Secries II. Arcidium on “himrul ranmula [Puceinis

covormnta 1 KicD.ys

the forms on Doetrlia slamersts nné Tentuce silvatics (? Puce.
£ioberosa Lagerheim, ivV,124).
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Serico ITI. fLoildlv o oo, Feaesian TTvuaninin
LA P S L S .
Yo fovms oom v oo tun ot T T ndagherra khateifoimn
and cohven v, -
Coricc IV, Those e nﬂcr T whins2 rostitle relaw
-

tionchin to eny -7 n
O» concernin * whosd »osoil
nothinz at ol1 a5 yet:

g specles
eClelul Seoe we Know

L)

£e8p. Oolnme mrrmdi~ on Crlavasnasedc asmenlinngen and

f.sp. 2licog on .elica nutrn3 Looe wote e].

nOt“] Concernins the specislization of thic species nccording to
the lotest experiments of 1494 see Zriksson, V,321. -L :te note, 18 3ept. 1835,

e. The Fourith Conarntion nf 44e W--pgs  thn Dupeainin Ohnce

Tae uredo =in-z of thy Toneur o very ovietly followed \
by the nucrinin sirz2. Ldelsen UV, 5500 Joend in 1074 tha '
in his infection exnorimonts with thc uscio Treu rve Srass on
oats it follow:i 14 days afser tho ‘nlsevicn. 4% the cxperi- ‘
mental field the puccinic oonme ung Isoad on ou:" in the field

on 19 Auzuct 1330, ond in infezction niher 3, Toble 49, on 23

October 1827, 206 drys oiier The uredo iufoets n, rnd on A-ros-
tis vu‘~1r1~ in thz cxperimeistel garvden on 27 Sepicmber 1332

£f. The Cvecle of Dovaelorment

The developzenial cycle of the Tunsus, cccording to
what we can szece from the fncts availasle,should corrc spond
“he main to that of Precinis ~~-riniz (ef. pace 107 above
[i.e. in the original worikj), exccpty that the nune Hhnmus
must be subotltu“ed for that of Zerberis. Scattercd observa-
tions concerning the mere or less zouadant occurrence cnd
even at times the alrost ccmnlste ahcance of this or that
sporc form on the nost plonte, houvever, make it probable that
the de velopucnt,I cycle of the foras osecurring on the various
speecies of mrasces ney B not *P"’”‘lAlCCﬁ*Ay different. Thus

Plowrloht (v-, 65) in 1232 noints out = cifference betueen
the form on Iolium nﬁ“onne ené Taat on nnetvlis ~lon.rats,
which manifests itoels tre Jotn rxnn chuncond ceurrenc?
of the uredo ztoze in tne Torzor s in the carly and sel Aty

J
J

oceurrence of it in the l2%4rr. o have encountered the “ora
on :1:liea ruf~ng alnori exc’uvgively in the uredo sta~e; enly
once, cn 13 sovenber 1821, irz 4 brea nocsible to find the
pucczinia form, in that insiines on n chouth {sce ot:]. In

one cnuc. too, the form cccurrin~ on Arroni’n vilrnric was
mue sunnrercad in the swte il Wb L wodn v ¢ ene of
this rrass thnt vore collr o€ on 70 oodtiioer 1ol neer
Pemsin dn Helcin~land vhe sotevicounoros were licel in~ on naar-
1y withrred l2aves widch wec ~lmzo’ camnletely coverod with

uredo pustules,
LNoth Cn T.on, cl, ni~3 Tritoon, V,37%4. -=1. 1o noie,

15 acpteaber 1695,




. The Joe-lircsicry af 4% Ta-in ~o3 7 eeivia coranata

,'hf“’\ t"f\ "'O 1oom AT

amnears in the urcdo

.y
stase in the swarer, it 6itasy fum.s rors O loae lon~:herice
extended, =zcnmevhait conlescent suctvlesn, un t9 Q@ mm in length
(Ficure 129 b), or elzce $he ousirles nva iler, 2-3 nmm
long, and more scaiiored (Iiuse 273 a). JuRy an¥ oconr on
both sides of the icnf, wut 0.0% nimerounly on thie uprer
sice. They are red-yallow in oolor, nwsot clos:: 1y arprorche
ing the yellow rust of w..rt, . 1 u;J:ur in co4or irom the
uredo of black rust, which i3 much darker. The difference
in color between the urcdo o crcwn sy and that of black

rust comes out most clecarly on leaves (Fisure 179 a) on which
both are present. In general the urodo reaches a very great
expansion on the leave once alineked by it, since it take

up the createst nart of the blade of %he lczf. “-anlhlle

the bpuccinis stage beging %o aovear

gar uf p dnrl rinc owound

the urcdo rrouc. 7Tris rine, w.ich av Ii1se 48 v ry omall
(:1gure 151 a), gradually ealarges, its color changing to the
purest black (rigure 131 ¢). Under the magnifying glass it
is evident that the dark *1n consists oi couvered puccinia
pustules (Figure 132). 7Thes2 sporc pustules differ from
those of the black rust in belnn covered (Figure 131 b, at x).
Fina2lly no yellow uredo is visible any longer, the leaf being
densely covered with scattered black spots (Figure 131 d).

It is a striking fact that the fun-us, at least here
in Sweden, appears a2lmost solelyv on the blade of the leaf,
Only in the year 1890, which was esp2cially favorable to the
growth of the crown rust on oats, were there a few casec in
which it appeared as open uredo pustules on the inside of
thecal valves.

On other host plantz, *o00, this rust seems to oceur
either solcly or at least by nreference on the blade of the
lea?. ©Seldom have we observed ”uu. 3pots on other parts of
the plant, as e.z. on sheaths of A'o3ecirus pratensis, l':lieca
nutans, and Festuca elatior, or ean on stens 2s in the case
of ilopecurus pratcorsis. 1n the foria parasitic on [elie: the
uredo forms more or less densely placed yellow, round pui-
tules, with a diameter of 0.2-C.3 mm, commonly with short,
light yellow stripes in the lengthwise direction of the
pissules. A ring formation of telcutospore groups around
the uredo pustules hardly occurs in the spots that appear on

Calamagrostis srundinacea snd Agrostis vulgeris [see Note].

[Note] For the locelization, ef. also Kleb~hn, IIT,13%5,136, and
Plate III. --Lnte note, 18 September 1u)t.

h, Tre Anctonmical Structure
1.

The Uredn Pustul~g, == In the oats form the struc-
ture of the urcdo puctulcs ceens to be the same as in the
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L e

epceies decerii:l conliar, oal Wowl oo unusl Sh-s eentirvaug
rervas (FLors 10 Jorst cnooboitrust. WOl et tho myceli-
wa ccxnat v . It com be cean NEZ ions that
the A 21as - oq 0f o vmadpanores o0 T a0t et pa]
R T S L il Goirusiar 2 oot ton in the
pIit LT il. wne L.qudUJLuu 0. O oI reving on

G one gide and
or i clennonte
.isan Tns o us orcne
ru varicunly
n. Accordin~ to winser (I,21.9) 2.0 and Sacenrdo (I.623)
18:3 they are 10-25 x 16-21 3 9ccc*i,n3 %o Burril (I,2G0)
1335, 91-9/ X 18=21 ;4 accordins~ to Sshxlter (TII 3”‘5 1287,
20~24 x 17-20 p; cccordin~ to slow "' (vi,16.) 1229, 20-28
x 15—20 Wi ownd Itsiv, coseriinc b 2lay (IT P31 ) 1821,
in the form on rrenanes L ‘;~~j Lveﬁa X [H="1 W, and
in the fora on _ .- - i 22-73 x 2u—?2 .

“‘C L_rﬁ "\) Y‘V(tﬁ’ or a:‘.-\rvllev.
erc prickly ( iurs 130), 2057 1t ia
ca. 28-32 X 20~24 e Por yuerozon o

'

n here thu{ <hc fircrnoions af <re

?. ™y An Tt V"\.\(\.Ll., - A -~ _‘ 4.,.\,.,,,..\.—,*. -—— ,1e
ori~in of tie rucciniz 5r0ts ul Gheeics iu described by
Boliey (I,177) in 1229 wo sollow 'ooveral ordinary myceli-
un tnreado mzet and nmerse tosetn on intereclinlar smhace
wnich lieco """4‘\tel" Do normic end i filled

with abundont »rotonlirem. | mer ctratun of this
snore-storac-e co.n “‘;;rﬁ L annro 2s originally
saort, thicii nroiviirances, wnich r“"~n~l7y develop into thin-
wulled. sack-lilic bodicz. They are divicded quite earlv by a

artition vall into a lower »art (the stem) and an upper part

the spore). Later ihc cpors itself divides with a trans-
verse partition approximately in the middle, whereupon its
walls become thick and browmn."

When fully developcd the svoresa, as indced is gconeral-
1y reporied in the literatur are as a irule covered by the
epidernis lyinz cbove them 1vurc 133 a) It morec rarely
hapueﬁs that these Tunches of spores fora uncovered, oncn
pustulae, as in black rust, Such o case is first meniicned
by Barclay (IZ,250) in 12891 in a descripiion of the Indian
forms of the funsus. He szys that thz Jera occurring on

rechynodivn “i’"**~nun posg2sses wmnll, point-lilke, quite
barc buncacs or teleutosnores on ithe uprer side of the leaf,
waile on 2Piptatnewmrr roleifornz anc Fooouen si~amtea they are
found to be lincar and Lore or less covered and are on tne
under side of the learl.

At the exnerlmwnt 1 field oven puccinia puuuu‘eﬂ were
obzcrved on U Lioon the v o L law of T w Tenves on
12 Cetover 1007 howeve sanerally o aeut 7=8 mn lnvﬁ. wihile

the swots occusrinT on the cnextis wero r*ﬁll, covered, Aale
moct poimt-iile, wnd arronced dn rowl, annoenincoA iy s o

Dmﬁh*ﬂ a_ctvorea, Oa lanves o0 0 orposmio T et anin e
cln.a pustulcs were Soun: T a0, cnd oo
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sheath of [t suoamk o O
Ordi I %t sreecins in the
relevant 1i on ¢l occurrencce of
Apemieres . z R .o
parapahyees c¢», as in LobhvUter (III,

324) 1327 ¢
paceinia for
odd that at
served in the AR o .

EUSZ, WhACITC ThLY GIDLLICu GLe Git \siguce 155 b, they did not
occur on quite so many vlacez in the grouns of spores as in
the ease of yellow rust or vroom russ, but they werc never-
theleczs nunorous cncush nou te escape notice.

loouin do o aturivuned to the
o3 in view of this it is
sheeng tiowa heen okbe

ST3 0. 16 be

P . A

The svore~cenerating zycéeliim, as ucual, is chiefly
intcroellular (Fi mres 15% o, 1%0 o), sie branches numerous,
intertwined with coch other (Firmwpe 174 1), the foram of the
adjacent leal tinsuz cells teins quite well praserved. There
are also haustoria inside ihe cell,

It hes 2lre2dy been mentioncd ~hove that Corda (1,6)
in 2837 wrotc *hat his then new spceies Pveeinia corcnata
occurred on Luznlz 2lbida, and that he pictured the species
with sharp prongs on tae crown. ZEut since no such form has
been encountered again since, we ncy pverhaps be justified in
the assumption that Corda's identification of the host plant
was incorrect and his drawing not cuite truc to nature. 1In
all later investigators, e.s. Westerndor» (I,235, Figure 2),
1854; Preuss in Sturm (I, Table 3 c¢), 1862; Nielsen (IV, Fi-
gures 11 and 14), 1875; Frank (I,457S, 1380; Sorauwer (I,

late IX, Figure 3), 1886; Zrunchorst (I,106, Figure 16 b),
1837; Plowright (VI, Plate IV, Figure 3), 18389; Barclay

(I 1I, Plate 56, Figures 8-13%), 1891; and Loverdo (I,182,
Figure 18), 1892, thc nronzs of the crowm are described and
pictured as blunt, jus® ac in cur Piures 135-137 on Lvena
sativa and Figure 143 on Fectuca elatior.

The dimensions of the teleutospores according to Win-
ter (I,219), 1830, and Saccarco (I,62%), 1883 are 35-60 x
12-21 p; according to Burril (I,2CV), 1885, 45~55 x 15-18 n;
according to Schrdter (III,324), 1887, 40-60 x 13-17 p; ac-
cording to Plowright (VI,164), 1889, 40-60 x 12-20 p; and
according to Barclay (III,2315, 1891, in the form on Brachy-
podiun silvaticun 38-44 x 10-11 p and in the form on Pivta-
the~um holciiorme 43=55 x 3-14 n. At the experimental field
the dimcnsions were as follows:

wid¢th of

on lenadth e cell terminal c:ll
Avann cativa 28=57 n 11-15 n 17=14 n
Lirnctis vl oovig 29=%3 n 10-19 n 12=19 u
feiica nut-ns 31=43 1 3-14 n 10-12 n
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1. Mue Hoonnrio T oenesier s

Somotives oA Lot roas f5 orcarited 4o fhic Mree-ug
fron the econsi ¢ =oint of vi:r. rrom Denmork, Jow oeno- o le,
Nielsen (IV,50%) =rites in W75 tzns in Jumust roo ontoher
of the two nreovisug ~nars hr "rod gaon roor ot - oo s werbyreg
lookirnzy gseorencd,” rnad vpon “elocer erexinciiolt oy for o d
thet the JO“" wre ross plants wora oo inrist o oridh thig
speciecs of fTuro~ thﬁa 2t cuivenred ur 17 Ll "Mivnlo vere com-
DTete7y witiizraou " ot tre come five he oxaresoos the view
that "no othor cueccies o rucst destroys the leaves of iss
host plant with ~reater rapicity" then the crovm rust of rye
£rasc. Great drncse Yo the seme spaeiec of srocs in Denmark
wzs later mentioncd by Restrup (V,13), 1835, (VI,8), 1836,
and (VIIL,5), 1£28; he also reportc ihe pecu’iar phenomenon
that in the three yeors (1534, 1825, -=3 1857) Tor vhien the
reporcs snenly, whn Tre oo I Jromn Zcoweh ond Irich

e

‘>
L
3

+

seed euffcr:d ol worse than weet T Jrnizh cecd, even where
they were rroving side by side. Trh: Jormer was "heavily
sprindled with yﬂ]WJw rat," goiacetiics £o much 50 thnt the
boots of anyone who walked acroses the field becore "cuite red,"
vhile the laticr gpncorcd "frech zind green" or only "insig-
nificantly" infested with rust.

by this specics of
8) for the ye°“ 1891,
e

Heavy damoge coused in dolsizin

rust on 0215 is meaiioned (Preczse, I,74

vhen he says that the advent of this species of rust wos
b1ven by the furmers as in the time cround St. Zzritlolomew's,
24 August, that the rust caugeld =2 collep:e of the leaves znd
stems, -- "Bartholomew struci: down tre oats with rhis club" --
and that the weight of the grein wos thus reduced from 150
pounds per Holsiein bushel to €6 nourds. A4S showvn by somdles
and reports scent in by the heaé o tic county constabulary,
wr. J.A. Hanscon, heavy damare wao done Yy this opeeins of
rust to the ozis in the Tanwas-irad in Bohus county about

27 August 1890, ken "almost every blole of oats was infested
there ll te the szanle sent in " 2he rmust does not appear to
have done "any noti cLable daznace to the lternels,™ as we
learn from a later letter of 2 loren 1391.

& varyins scnsitivity Yo this onecics of rust in vari-
eties of oots has been c¢isccussed only once, as far ¢33 vie know,
nazely in von Sicvers (I,3%61), in 13i7, who szyc that of
numneronus varieties of oats growm b" b only one, "the Rus-
sian Orel oats srowm in Ldmerciod,” wos aluost intmunes All
the others were scusceptible (o alout the sann Gl ree. A% the
xperincntal Ticld e have nnt boen abl- to derLoaotrate ony
varying suscectivility ef inliviiuwl vurieties of oats to
this gpeciez of rust.
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3. Contriditine (Thnprie v’ Maren e

~as N
ALt“OU’n it is rnow on L
< -iv—-n“:‘l_r CQA)“’."‘

» omionn ue

Teane, on .

(‘; f) )7:

boos
.

_\.;..r t;-.':: ceneral! rulrid 3 .»_;-A;-."i_?’_‘f},'_I"i-_"L_g‘_';
' or dize ey Latoed, nrehiond
point of vicw iv 1o nroecicely these cc uscs 0% Ciccase that
deserve to be civen n*ﬁlcrenulbl consideration, since it

depcnds on thea whether a yeer beconec a rust year or not.

Wle call these
o) External Contriduti ng Cauces of Nicease,

Includine l) +h ﬂ‘i 3 droinoce, ?) the physi-
cal nature of the co*¢, 3) ne chemicol com»osition of the
soil, 4) the previouc ecrop, 5} the time of planting, 6) the
way the plrnting is done, 7, the weainer conditions, and
8) the neighborinz vegetation.

7. The Locrtion and Droinnr~e

2. Informatisr Concerninz the Influsrnece of the ILocotion

1. A Hirh Tocotion Bffestiwve feoinst Iucs, -- Fron the
earliest tizes to the present day the devastation caused by
rust has been rclated io the lOCathu ¢f the fields, pgeneral-
ly in that it is believed that rust does more damaze in damp,
shacdy places than elsewhere, Such beliefs can be fraced back
to ancient times. Thus Theophrastus (371-286 B.C.) nentions

in several places (I, Book 8, 10; II, R2ook 4, 14) that rust
affects grain in high, windy vlzces 1nconsequentially or not
at all, while it rages in valleys ond wind-protected loca-
tions. The szme onlnion is found in Pliny %I, Ch. 17, 8 154)
at the beginning of our era (23-79 A.D.).

In agricultural manusls old and new, including that
of irrhenius (1,61) published in 1883 we encounter the same
notion, which is also ... in several writings of ...
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