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SUNFLOWER RUST

By D, L. Baoey?

INTRODUCTION

Altho the sunflower has heen grown for a long time in this country
for ornamental purposes, it is only recently that the economic value
of the plant itself has been recognized. The seed is important as a
source of a highly prized edible oil and of an oil cake rich in nitrog-
enous matter. Preliminary tests in Nebraska, Colorado, Montana,
and Michigan have established also the desirability of sunflower silage
and indicate a wide range of usefulness for it. Because of this the
sunflower seems destined to achieve its chicf significance in this country
as an ensilage crop in those northern states and in adjoining parts
of Canada where corn can not be grown to advantage.

Several serious diseases of the crop, however, have appeared. One
of the most destructive of these is the sunflower rust. This disease
cceurs commonly throughout the region in which sunflowers promise
to be most extensively cultivated, and under favorable conditions it
causes serious damage through defolhation. For this reason rust may
prove a limiting factor in the use of sunflowers unless some satisfac-
tory means of control can be developed.

HISTORICAL SUMMARY

Sunflower rust was first described by Schweinitz in 18832, from
material collected in Pennsylvania. Subsequent to his description of
it, Puccinia heliantht >chw. was reported from Canada, Germany,
Austria, Italy, Serbia, Roumania, Sweden, and Russia.

At present, sunflower rust is distributed practically throughout the
United States and occurs commonly on several species of Helianthus.
According to Saccardo (13), it occurs on the following hosts: Feli-
anthus angustifolius L., H. annuus 1., H. californicus Schw., H.
decapetalus L., H. dwaricatus Y., H. doronicoides lam., H. grosse-
serratus Mart., . heterophylius Schw., H. hirsuius Rafin, H. laeti-
forus Pers., H. maximiliani Schrad., H. mollis Lam., F. occidentalis
Ridd., H. rigidus Dest., H. strumosus L., and H. tuberosus 1.,

Altho Puccinia helianthi was described in 1882, comparatively little
work has been done on it. Kellerman first demonstrated that the rust
as it occurs 1n this country is euautoecious; and Kellerman, Carleton,
and Arthur subsequently investigated the identity of the rust on various
wild hosts. Their results are rather conflicting and inconclusive, but

1 TFormerly a member of the staff.
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seem to indicate that there is some biologic specializa‘tion within the
species . lielianthi Schw., and that cultivated A. annuus is a common
host for all forms of rust. Nothing *Ur her has been reported on
the life history of the fungus, on its relation to the host, or on control
meastres; vet these have assmined great significance since the rust
has become important economically.

OBJECTS OF THE INVESTIGATION

+ The investigation w:

5 undertalen to determine (1) normal life-
history of Puccinia helianihi,

histo

variations from the normal life

-

(33 conditions under which infection takes place, (4) influ-
ernal

v,
of

factors on developmeni of the rust, (g5) reln

[To1

on wild and on cultivated sunflowers, and (6) pos-

scattered or g ious and uently are con-

e istally o3 millime in diamet

pact, and brownish-T

it brown in color, oblo

ped

than the spore, at times

The pycnia occur in %nd]i J isters, which sola
They are honey-colored at first, later becomi

tly coales

orange. The pycnospores arc small, oval, byaline, and appear shi
viscous in mass,

TL»:— aecia are arranged on orbicular spots which frequently coalesce
into broadly-expanded oblong lesions. The isolated clusters are from
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Civmt e are o
Spots are ¢

L
Thf: aecia are orange-red in color

iy they

W fug laciniate margins.

1Mo

on

O Young stems.

wrange in color s

and have four median

from 21 to 28 microns by 18 to 20 microns.

The uredinia are chestnut brown in color, round, scaté’crcd or Con-

b ’)‘1

lue a1 pulverulent. Thew
on the upper and lower surfac

they are small and vsually Tocatcn

e, darl:ez n

while on ih 1(}'\‘"61 surface ']*c SGTT are e J,l More massi

uredinia

chloros

leaves, petioles, voung stcms, and involucral bracts.
spores are sub-globose, elliptic, or obovate, and velloy

color. They are echinulate and have four median germ

measurcments of a hundred speres varied from 23 to 27
microns and averaged 22.7 by 20.8 microns.

TYPICAL LIFE HISTORY

ical euautoecious rust; that is, tehial, pyenial,
4,

Sunflower rust is a

aecial, and uredinial stages are all prodi ‘vced on the one host. Al {four
stages have been produc ul and studied in the greenhouse.
Under greenhouse conditions telia follow uredinia at varying

lengths of time, apparently depending largely on the condition of the

host.  Under optiimum -conditions for the host, telia begin to 3
stage first appears. At

about a month and a half after the uredinial

the end of two months both stages are present in about e:}gual OTOpPoT-
tions, and by the end of the third month the telial stage has almost
entirely replaced the wuredinial stage. This course is much varied,
however, by external conditions; in general, conditions unfavorable
to the host hasten the production of teha.

Thus, by cutting down the light intensity telia began to form within

[

two weeks after the uredinia were produced and had entirely replaced

the

latter at the end of a month. This was the normal course of events
under greenhouse conditions during December and January and was
mduced later by allowing only weak diffuse light tn reach the plants.

similarly high temperatures {75 to 85° F.)

low soil moisture
mduced the formation of teha within the same period. At temperatures

averaging approximately 53° IY. wredinia developed very slowly and
were replaced by telia within two weeks.
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This ready formation of telia is very important in fortifying the
fungus against adverse conditions, for the onset of these quickly
induces the production of a resistant spore form which tides the fungus
over until conditions become suitable for growth. Then the teliospores
germinate, producing sporidia which cause mnfection and give rise to
the pycnial stage.

Pyenia appear from eight to ten days alter inoculation with telio-
spores and after about the same period are {ollowed by the aecia.

Altho Waoronin (17) reported in 1872 that he had been successtul
m obtaining the aecia of sunflower rust on Helignthus annuis from
teliosporic mfection, his observation was not confirmed wuntil 1g0C,
and during this period the rust was regarded by most authorities as
a hemi-form. Sydow (14), in his first description of the rust, questions
the accuracy of

Woronin’s observations and ventures the opinion that

the aecia reported on various species of Helianthus in North America
5 a heteroecious form or to an 1solated Aecidim. How-

v, Feellerman in 1900 (10) and Jacky (14 and Asthur (1) in 1003
1
.

—_

belong eit]

demonstrated conclusively that the rust s euautoecious. Sydow, in

1902 {14), 1 correcting his earlier error, concludes that on account

'*“’h which the aecial stage has been e fungus
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i this stage and pro] the
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t vole in the life-history
of the rust. In fact, except for short-cycling, it has not heen shown
that the rust can propa

no means rare and

gate itsclf here without the aecial stage; and
accia have commonly been found in Saskatchewan as late as July 28

on cultivated sunflowers. This would indicate Lhru the aecial stage
might be an important factor in the carly stages of the epidemiology of
the rust.

Uredinia are formed within {rom five to seven days after inocula-
tion with either aeciospores or unrediniospores. This is the repeating
stage and, under natural conditicns, infections continue to take place
until unfavorable conditions of moisture or temperature prevent
further infection and induce the {formation of telia.

VARIATIONS FROM TYDPICAL LIFE HISTORY

The normal development of pycnia and aecia docs not always Tollow
teliosporic infection. There is a distinct tendency for the rust to omit
the aecia and develop uredinia after the production of pycnia. The
urcdinia produced by short-cycling subsequent to pycnial formation
usually had a very distinet appearance. They developed below pycnia
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and were confined to definite, light-colored, slightly hypertrophied
spots. The length of the incubation period also served to distinguish
them from ordinary uredinia which usually developed within from five
to seven days after inoculation. Short-cycled uredinia, on the other
hand, do not develop until two or three days after the pycnia and then
are limited to the region directly beneath them.

Nothing is known ef the nuclear phenomena accompanying this
shortening of the life cycle. This phase proved extremely difficult to
mvestigate, since one had to wait for the development of the uredinium
to determine whether short-cycling had occurred in any given mnstance.
By that time the sorus was underlaid by a hopelessly intertwined mass
of hyphae which were for the most part empty. Consequently, the
nuclear condition could not be determined, nor could any fusion of
hvphae be traced.

Short-cycling seems to occur rather infrequently and the condi-
tions governing it are not at all undersiood. It was observed only on
rather heavily mnfected leaves which suggested that a nutrient relation
might be involved. Attempts to induce short-cycling by adverse host
conditions did not vield conclusive results. The phénomenon occurred
so erratically that it was difficult to ascertain definitely the cause. It
occurred on plants incubated at approximately 60° F. as well as on
plants kept dry at 73° . but it did not do so consistently. Moreover,
sometimes there was fully as much short-cycling under conditions
which were apparently entirely favorable to the host.

IEfforts to cause the omission of the uredinial stage were not suc-
cessful.  Subjecting the host to low and high temperatures, diminished
light, and lack of moisture resulted in the early formation of telia
as already mentioned but did not completely inhibit the formation of
the uredinial stage.

Carleton (8) apparently suspected that short-cyeling occurred in
P. helianthi.  In discussing the comparatively infrequent occurrence
of aecia, he says: “The aecidium occurs rarely in comparison with
the occurrence of other stages, but is to be found on a number of
hosts and occasionally in considerable abundance. This rarity of its
occurrence, together with the occurrence of spermagonia so often with
the uredo, may he accounted for by the fact that the uredo is often
produced by direct teleutosporic infection.” *He gives no other evi-
dence for his statement and no other reference in the literature con-
sulted has referred to the phenomenon at all.

In our experience, altho short-cycling was not frequent, it occurred
often enough and was so clear that no doubt remains that it actually
does take place.
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PHENOMENA OF INFLECTION
METHODS 0OF IHOCULATION
In artificial inoculations the method of application of spores does
not seem to be an important {actor in the development of the rust.
Uredinial infection is equally successful whether the spores are spread
on moistened leaves or applied in Snspension Heavy infection also
and incubating in a

resulted from spreading div

moist chamber for fort ty-eight hO!UH Ll thg case, however, consider-
able moisture condensed on the leaves before the end of the mncubation
period.

The usual method of inoculating with ieliospores was to smear the
spores on moistened leaves and ihen to incubate for forty-eight hours
in a moist chamber. After spraying spore suspensions on the plants
with an atomizer and then incubating as above, satisfactory, though

o

usually lighter, infection developed. The suspension of well-s
telial m'r@rla] above the plants in moist chambers for three days
also proved a gom’i method of noculation.

Heavy infection resulted when aeciospores were Qpp d either m
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SUSpPENSion or -ii rectly on moistened le
for forty-cight hou

Dissemination of ithe various 51)01‘9 forms in nature is probably

large 1 v by wind, for sunfloy in isolated Jocations are frequer 1y

The te indicate that the manner

t and that the trans

of inoculation is d ‘ely of spores

by any means is followed by mmfection when moisture conditions becosme
suitable.
SPORE GERMINATION

Teliospores—When floated on the surface of water, teliospores
may begin to germinate within two hom‘s. After twelve to twenty-
four hours a much eclongated four-celled promycelivm has formed.
Fach cell of the promycelium develops a hyaline, globose sporidium.
{(Plate 11, Figures 1, 2, aud 3.) The sporidia germinate soon after
they are produced.

Rather frequently the promyceliunm, instead of forming sporidia,
branches and grows indefinitely. This type of germination has been
observed also on the epidermis of artificially inoculated leaves.

Teliospores are not sharply limited in their temperature require-
ments. They germinate well at temperatures froin 6 to 21° . The
optimum for germination of spores floating on distilled water was
about 18° C.

Aeciospores—Aeciospores germinate very rapidly. Freshly pro-
duced spores may begin to germinate within an hour; and within eight
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hours practically 100 per cent usually germinate. Each spore sends
out one germ tube from a median germ pore. .

Urediniospores—Urediniospores  produced in  the greenhouse
germinated within an hour and a half. In one instance 15 per cent of
the spores had germinated within two hours, and some of them had
produced germ tubes 46 microns long. This is of great significance
in insuring the development of rust, as short periods of favorable
moisture conditions, even a light dew, would be sufficient for spore
germination.

The optimum tem ture for the germination of urediniospores
he
h

pera
when Hoating on disﬁllc’ is approximately 18° C. and t
shi

ightly ahm 28% . Germination

sts were
running at higher temperatures, but no spores

maximim prol‘aab]y

made in incul

germinated e A‘:pt 1'11 one case. In this instance 5 per cent of

spores had germinated and the incubator registered 36° ( when the

spores were removed.  As this result could not be
seemed possible that the temperature of the incubat
T

he relative percentage

dropped s

utficiently to permit germination.

of urediniospores at various temperatures is shown in

TAEBIE I

VRCENTAGE OF GERMINATION OF LIREEDINTOSPORES AT VARIOUS TEMPERATU

Trial
5 ! tr !
T i 1 ; 30 40 ; o o
{ i
2 ‘ tr 6 77 i [}
e . S S
3 KNS 41 1 o
4 0 40 63 ir o
5 %) 38 8 5] o
o I 36 4y i o o
N N B O N
. ) | |
5 18 51 i [ i [}
- _ | —-
8 5 : 4 10 1 ; I8
e | R e e
9 tr ; 61 56 | t o
i i
10 3 23 36 g [

tr (trace} = less than one per cent germination. FEach percentage the average of iwo or

four hanging-drop cultures.
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Al

ght smear of paraffin oil on the cover slip of Van Tieghem
cells was found to have a n ‘

- influence i increasing the germina-
1 infl ¢ the germina

—

ion of uredinospores.  This influence did not usually extend to the
spores submmerged in the center of the drop but was very pronounced

R4

around the edge. As a sule only a trace of germination occurred,

o

even under optimum temperature conditions, when a spore suspension
without an oil il was used in hanging drops. The effect of the oil

not 'aNP on a direct chemical hasis,

DT |
sieayr O

because of the marked inactivity of the saturated hydrocarbons. The
of

physical action would seem to he largely a matter of reducing surface
tension, which would increase the ease of wetting and thus regulate
the oxygen supply. That an oxygen relationship may Dbe involved is
suggested by the fact that spores will not germinate even if an oil film
is present if the lower part of the cell contains potassium pyrogallate
solution ; and if the spores are floated on water in open dishes they
gerninate almost e ma],\/ well whether an oil film is present or not.
{Table I1.} Moreover, if spores arce floated on the drops in Van

Tlcg hem cells imstead of being immersed in the medium, they germinate
11 b

wel sence of an oil fln.

TABLE II

1 REDINIOSPORE GERMINATION

1aing "‘1 g dr ons

Without an oil film

OF SPORES
'}f’v‘f?ﬁﬂ“j‘/(’)i”@?v—TPﬁO‘S]BOI‘E' germinate over a long period of time.
tober auhﬁmtw Helianthis anmuns was inoculated v i

telial material from both wild and cultivated

About forty-five plants were inoculated and along ”rith the wredinial
mfection that developed, five pycnia were produced. This indicated
that o small percentage of teliospores germinate without a rest period
Thercfore further investigations were made as soon as freshly pro-
fmccd telia were obtained in the greenhouse. With the exception of
ance, where a heavy infection was obtained, such spores con- -

Sis*i;-enﬂy produced a hght ‘EHIQCUOH, one to six pycnial pustules being
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teliospores that gerniinate
be very small. This was furth

produced teliospores, for

and stored outdoos

S,

per cent of the spores were

eing obtained.

lsnown, but

in Saskatchewa

- viable, altho occas
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to a resting period

shorten
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and outdeoors
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indicate that drying is an important factor in determining the length
of the resting period.

Aeciospores—The combined effect of various temperatures and
relative humidities on the viability of aeciospores was tested in the
following experiment: Aeciospores were stored in relative humidities
of o, 20, 40, 60, 80, and 100 per cent at 6, 21, 23.5, and 33° C. as well
as outdoors in darkness and light. Various relative humidities were
maintained in 125-cc. wide-mouthed bottles by half filling the bottles
with sulphuric acid of the concentration necessary to produce the
desired relative humidity. A small paper basket attached to the inner
surface of the cork suspended a sample of the aecia in the controlled
atmosphere of the bottle. The aecial material used was developed
on Mammoth Russian in the field by artificial inoculation early in
June. The experiment was begun on June 27. Freshly-opened aecia
of as nearly uniform a stage of development as possible were used.
Germination tests were made after 3, 7, 10, 16, 23, and 56 days. These
were performed in the following way: A small plece of leaf tissue
onn which there were at least two aecia, was lightly shaken over a

Syracuse dish partly filled with distilled water. These were incubated
at 10° C. and counts were made after eight hours. It was found that
aecia could be depended on fnr one copious spore shower only, and
material for more frequent tests.

conseqiently there was not suffi
Its are presented in Table IIT and suminarized in Plate 1.

s oi these te indicates that aeciospores do not retain
their vmlnli s for long periods of time. Thus, at the end of Gity-six

days, even at low temperatures, only about five pf)r cent of the spores
ity, At higher

were viahle under optimum conditions of relative hu

temperatures no spores survived. Throughout the temperature range
of from 8 to 24° C., a larger percentage of spores remained alive a
ored in 8o per cent relative

r‘r

the end of twenty-three days when sto
humidity than at any other humidity. At higher temperatures a lower
huinidity is more favorable. The results indicate that throughout an
ex Lended range of temperature, humidity is a much more important

elation to the viability of aeciospores than Lempefamm In

fact, the pevcentage of germination at the end of twenty-three days,
throughotit the complete range of temperature, except at 33° C,,
almost a constant function of the relative humidity. Moreover, this
relationship holds in the two series stored cutdoors, where the fluctuat-
ing temperatures might be expected to exert a more deleterious effect.
These results are so consistent that it seems fair to conclude that
humidity is the outstanding factor in determining the length of time
aeciospores will retain their viability at temperatures to which they
are likely to be exposed in nature,

s
921
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TABLE 111

AECIOSPORTES IN RELATION TO TEMPRERATURE AND

Humrn

I

Length of storage 1

riod in days

Per | —

Storage . cent 2 7 ! 10 [ 16 23
temperaturc orelative | ‘ . e —
humidity i Percentage of germination

Q ’ 3 ir ‘ o ‘ L ir T
20 2 tr | o ‘ o o T
‘ 40 3 6 } 6 tr T
33° C. o | T2 7o g 3 1 o +
&o 5 ! o tr o tr T
00 11 [ s s s 5 T
j o 10 s 5 iro tr o
ELT 9 | 5 2 2 o o
ro-31° C. 40 & 35 38 7 4 o
(Outside in light) 60 2 go 62 T4 1z o
‘\ So 2 | 83 90 21 21 o
| 100 8 s s s 5
- - | — e |
o o 4 T [y o [}
20 ir } 0 25 I 2 [}
10-31° . 40 I3 | 15 30 | 7 o o
(Qutside in 6o | 15 6¢ 60 18 14 o
darkness) 30 [ ‘ g0 95 23 16 o
100 4 ! s s s s s
9 ir tr o o 0 T
26 18 12 iz 2 a ¥
4a i 32 56 3 T
23.5° C [ ig 60 55 13 iz T
8o 20 70 70 12 12 T
100 40 ti S 3 ¥
o o o tr o tr T
20 35 13 12 2 o b
40 3 iz 35 To 7 T
21° C 60 60 40 60 1z 10 +
80 N 45 04 18| 20 T
100 90 i o s T
[a] o ir 2 [y [o] o
20 20 16 7 3 0 5
40 23 8 35 5 4 4
g C 50 35 70 60 14 15 g
8o 38 8s T 20 18 3
00 Ex 28 tr s 5 5
tr = per cent).
s = no spores available; aecia overgrown with saprophyies

g

= no test made.




TABLE IV

Vitavity oF URepiNtosPORES IN REcaTioNn 1o TEMPERATURE AND HumipITy

Length of storage period in days

Per e
Storage cent 7 | 17 | 24 | 38 | 47 185
temperature relative | ———————— - -
humidity P{ercenlztge of germination®
| |
95 10 o ! tr ) [} (o} o
8o 6 9 i tr l 0 0 0
60 17 18 | 2 o o
28° C. 40 18 14 ‘ 3 I T )
20 17.5 22 i tr s} o o
4 0 o ( o] [¢] [ [*]
i i ;
95 5 i tr (3} o &)
8o 14 3 3 4 tr o
60 21 z 19 3 5 o
40 24 25 5 18 24 10
20 20 z i4 15 12 ir
o 17 [ o o ¥
0g 3 o o o o o
8o 7.6 [ z 9 1 ¥
6o 21 23 12 o tr bl
40 17.5 14 L 19 5
20 10 T2 1 20 18
10 i o a o 53
95 I ir [s] [t (] [}
8o 4.6 g i 4 i i
6o 1 G 55 8 5 0
(0% 40 10 3 4 32 & ; 2
20 ] [5S 7 13 4 I
a i0 [ o o o o
95 g 0 o (53 ]
So 19 i T 2 b
60 22 30 i 19 13 3
&° . 40 ig z 19 23 21 iz
2 20 6 16 10 1z 20
0 54 2 iz 8 o
03 2 i a tr
Cutdoors 8o T z ir tr 0 o
Mean o° C. 60 HY o 1 3 o o
Range of daily 40 28 iz g i3 18 T
mneans --29 zo0 26 12 10 22 19
to —28° C. o 1T o B o 5} tr

*ir = trace (less than one per

i
i
5
o
b
w
=
=4
w
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2

centl.
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Urediniospores—The relation of temperature and humidity to the
viability of urediniospores was investigated by an experiment exactly
similar to that described with aeciospores. The urediniospores were
obtained from Mammoth Russian in the field. The results of germina-
tion tests made after 7, 17, 24, 38, 47, and 185 days of storage are
presented in Table IV, The results are difficult to interpret. The wide
divergence between the results obtained in the two series at from 19
to 21° C. indicates that some uncontrolled factors were operating to
obscure the effect of the two under consideration. The most probable
of these is variability in age of the spores at the time the experiment
was begun. It is much more difficult to choose uredinia of a uniform
stage of development than aecia; and the comparative uniformity of
the results in the two experiments supports the idea that this difference
was probably largely responsible for the extreme variability in the
results of the experiment with urediniospores. It is evident, however,
that urediniospores are much more resistant than aeciospores.  Relative
humidities of from 20 to 40 per cent are optimum for a wide range of
temperature and in general, humidity seems to be less important
in relation to viability than in the case of aeciospores.

The fact that urediniospores remain viable for at least six months
when stored at from & to 23° C. and at from 20 to 40 per cent relative
humidity, suggests that urediniospores may overwinter. During the
first year of these investigations there was little suitable material for
a study of overwintering and February 17 was the latest date on
which viable spores were found. In 1921 more satisfactory material
was under observation, and in the last test, which was early in March,
3 per cent of the urediniospores germinated vigorously. Field evidence
supports the idea that urediniospores survive the winter, because
uredinia are found early in the spring without accia being present, or
the two may appear about the same time.

ENTRANCE INTO TIIE ITOST PLANT

The time required by the fungus to enter the host was determined
by the influence on infection of different periods of incubation in
moist chambers. This was investigated i detail for the uredinial stage,
Very heavy infection resulfed when plants were incubated for twenty-
four hours, and there was little difference in the degree of infection
when they were incubated for a longer time provided they remained
uninjured. The infection becamie lighter as the incubation period was
shortened to less than twenty-four hours, altho some infection resulted
after only six hours’ ineubation. This is very significant when cor-
related with the fact that sunflower rust flourishes in dry regions,
for evidently new infections can occur when there are only light dews.
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after moculation. Ten inoculations of the mature leaves of blossoming
plants indicated that they become infected readily. The incubation
period varied from six to eight days.

Light has a marked effect on the rapidity of the development of
rust. In two trials the incubation period in strong diffuse light was
two days longer than in direct sunlight. In wealk diffuse light, such
as resulted from passing ordinary diffuse light of the latter part of
February through three thicknesses of cheese-cloth, the incubation
period was mcreased in three trials, ten, ten, and twelve days respec-
tively.  The development of the rust may be inhibited altogether if
the light is cut down still more.

The pronounced influence of temperature on the development of
rust was brought out by the following :\'periment. Six pots of
plants were inoculated in a similar manner with the same spore suspen-
ston on Noveniber 28 and mcubated for two days in a moist chamber,
Four of the pots were transferred to a cold incubator where the
¢ F. The

temperature remained fairly constant between 40 and 50

other two were retained 1n the greenhouse as checks at approximately
75% . On the latter rust developed normally, flecks appearing alter
five days. At the end of nge had taken place in the

plants 1 the cold incubator,

1

two days after it was transf enhouse. Uredinia 2

4

1
peared two days later.  After two weeks a mumd slant was brought

into the greenhouse and after three days fiecks appeared and a normal

mfection developed. The last was brought in at the end of lour wee
and reacted similarly. Thus, for at least twenty-eight days the my-
selium remained alive but dormant in the infected leaves without Fiving
any evidence of its presence

A second experiment was made under more variable temperatures,
~

ranging from 30 to 70” F. but averaging approximately 35° . The
ft

:

plants did not

3
w)
fle - nocula-
tion. bhortjy after this the plants in three of the four pots

cle until h‘om sixteen to eighteen davs a
g Y

?ﬂ'ﬂcd by root rots, but those in the fourth pot lived a month lonve
Only weak subepidermal uredinia developed on [hesc plants.  Within

two weels from the time "’l”e uredinia developed they were almost

completely replaced by telia, but even the telia failed to rupture the

epiderimis.

The upper limit of the temperature at which infection can rake

place has not been determined : but as a few urediniospores germinated

g
at a temperature of 30° C., high temperatures are probably not often
a limiting factor, if moisture conditions are favorable

The wide range of temperature at which infection can develo
partially accounts for the occurrence of the rust under such varied

climatic conditiens as were indicated in the discussion of distribution.
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catus L., H. mavimiliani Schrad. two collections of H. tuberosus L.,
and Mammoth Russian.
The results are shown in Table V and indicate that three distinet

[

Terentiated on the above-mentioned hosts.

biologic forms were d

TABLE YV

Host Resction 10 Biorogic ForMs or Puccinia helionthi

! Hogis
| ‘ : ‘/ ‘ ‘ “ } ‘ L~ 3
P 2 lag |
| = boa z RN I k-
- = 1 = i o= ! 9 » i~ = | = G
Source of rust 2 ‘ 2 i = F - 3 g ! Ea’_‘/ <
3 S [T 2 S T 13 9
Pg N - T 3 3 | 28 ]
i3 Z =Lz ] 2 5 £ 1 8 |58 S
= S [T~ g i S 3
- -~ Co0o S < : =
Iom J = T T i T s [ESTRN Il e <]
SO JPUVUSUUUUR [N S VONSUUN SVENGUI JSUIUOR S [ S (NN [
| T I i !
7 ; |
. tuberosus ....... ¥ 1 1 1 1 ‘ 1 1 R T
|
R SSUSUUU (SIS [P [V IS [ [N U iU R
H. tuberosus ..., . S T [ T t ‘ 5 1 1 5 R iz
— e | e e | e e
1 : | 3
H. maximiliani .. .. 5-- T i T N 1 s R TI
S R (R P e
|
. . |
Chrysanthenuun  sun- i j !
| :
ower ........... i [ T | 1 [ .o S 1
|
H. tnwberosus ....... B H I 1 1 5 T = ® TT
H. annuns {Mammoth :
Russian) ....... T 1 ‘ 1 1 1 T [ A ‘ T
—— [ [ _ S R ‘ —
- . | - | {
F. hirsuius L. 5 | B5- 1 T8 5 ‘ P R4 118
i
I = linmune,
I = resistant.
S = susceptible.
It 15 interesting to notice that the Mammoth Ruassian used in this

work was a differential host. Forms 1 and IT can readily he dis-
tinguished on Mammoth Russian, Form I produces a normal heavy
infection, uredinia being developed on both upper and lower leaf sur-
faces; and usually there is little or no chlorosis associated with the
infection. Plate (I, Figure 1, shows this type of infection. VForm
11, on the other hand, infects Mammoth Russian only weakly., Ure-
dinia are developed only on the upper leaf surface, are small, and a
sharp chlorosis, which sometimes merges inio necrosis, is associated
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some instances for ten urediniospore generations on Mammoth Rus-
sian, and each time they have produced the reaction typical of the
form concerned.

The existence of biologic specialization of P. helianthi is of prac-
tical significance in relation to the development of resistant varieties.
Since it is not possible to isolate all the biologic forms that exist or
to determine the reaction of apparently resistant varieties to them,
igating their resistance is to grow
them in many widely-separated localities for a considerable period

the only practical method of inves

of time.
CONTROL
INFLUENCE OF FERTILIZERS ON RUST DEVELOPMENT
An experiment was carried out to determine whether the severity
of a rust attack could be influenced to any marked degree by the use
o te, potassium chloride, and treble

of various fertilizers.

odium nits
§

alone various combinations, and one

Plate 1, each block of

various <ot OT1S

N -— goo POs,— 6oo | Check
| E
N — 300 PO — 300 E — 300 anure N — 600
| P{— 300 20 ‘ PO zo0
i | i/acre
; | i N -—300
N — 300 Checle : K — Goe | K — 300 ‘ N — 600
i i i
Pi— 300
one at

aho

1o and ‘[%ﬁ r'i'h 7
single application was made just
were about a foot high the plots w

of Puccinio ;1@[7@24 B

uredini

er and ’}1650 two mocuhmom W

was repeated about two weeks I

e
foum sufficient to institute an infection which developed rapidly

yidemic.

ep

\t the end of the growing season there were no significant differ
ences in the severity of the rust attack in the various plots. In aﬂ
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cases 100 per cent of the plants were heavily and uniformly rusted.
Marked differences in yield were apparent and so yield data were ob-
tained with the hope of finding a fertilizer or combination of fertilizers
whose presence might enable the crop to escape serious damage even
under the conditions of a serious epidemic.

The yield results in 1921, however, proved extremely erratic and
yields could not be correlated consistently with any fertilizer. As
the early part of the growing season had been abnormally dry, it
seemed probable that the fertilizers had not become available in
significant amounts until late in the season and hence had had little
chance to influence the plants. Moreover, border effects were very
pronounced and by the time three border rows were discarded, such
a small area remained that the yield results could not be considered
very significant.

The experiment was repeated the following year. The plots were
fertilized with the same fertilizers as in the previous year, the rate
being reduced by one half in all cases except with the nitrates and
manure, which were applied at the same rate as before. The epidemic
was induced somewhat earlier than in the previous year and over-
wintered telial material was scattered over the plots as primary inocu-
ium. The aecial stage developed very vigorously and abundantly and
was followed by a heavy epidemic of the uredinial stage.

Again the rust developed with uniform severity on all the plots
and the only difference noted was that larger and apparently more
vigorous uredinia developed on the plants fertilized with nitrate.
Yield data were again obtained. Table VI presents a comparison of
the yields of the two years. This table indicates that while the yields
are very variable, there seems to be a rather well-marked tendency for
nitrate and phosphate fertilization to be associated with high yield.

The most noticeable difference between the various plots was the
rate at which the infected leaves dried up on the plants. The percent-
age of all the leaves developed throughout the season which remained
on the plants at harvest time, was determined from counts of twenty
typical plants on each plot. The results are given in Table VII.

Marked differences in the percentage of leaves retained are evident.
It will be noticed that the plants fertilized with nitrates consistently
retained fewer leaves than did the plants fertilized with other ferti-
lizers. This may be correlated with rust development, as the individual
pustules are typically larger and more vigorous on plants heavily fer-
tilized with nitrates. More accurately controlled experiments will bhe
necessary to establish the relationship.



TABLE VI

Compararive YrieLos or Ferrint

‘ Rate of application

Pounds per acre

1922 i 1921 ; 1922
! | |
Y . -
; i
N ! Goo bon 114.5 112.5
PO, 300 50
N 500 500 85.0
PO, 300 150 85.0 53.5
N 300 300
I 300 150
PG, 300 Bo.g TI4.5
K 300 130 78.5 64.5
S00 300 76.5
N !
PO, | 50.0
j . - S
Gaa
200
N 500 oo
PO, Go0 300 64.5
600 300
200 150 : B4 76.8
300
300 52,3
: ;
N 300 ! 300 ! 62.0 50.5
| % -
K 300 | 150
POy 300 60.0 70.0
Manure 40,000 40,000 61.758 78.5
N 300 300
PO, 600 300 50.5 62.0
PO Goo 300 57.5 53.5
Check 53.% 64.5
Check 53.5 §7.3

¥ = sodivm 3
= Potassium chloride.

phosphate.



TABLE VII

PErcENTAGE OF LeAvEs Rerainvep Untin Harvest ox Varrovsny Ferrivizep Prots
Rate of application ‘ Percentage of leaves
Fertilizer Pounds per acre retained at harvest

N 600 21.7
PO, 150

N 300

PO, 300 22.3
N 300 23.0
N 600

PO, 300 23.5
N 500 24.8
PO,y 300

129 300 25.8
Manure 40,000 27.1
N 30¢

K 150

PO, 50 27.2
N 300

PO, 150 23.5
K 300 i

O, 150 | 28.9
PO, 300 29.0
PO, 150 29.1
Check 29.9
29 150

PO, i50 30.9
K 300 31.0
K 150G 31.0
K 150

POy 300 31.1
Check 33.0

N = sodium nitrate.

K = Potassium chloride.

PO, = Treble superphosphate.
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The experiment, as it has been carried out, obviously can be ex-
pected to bring out only large differences, consequenﬂy it is unsafe
to base conclusions on any but the marked differences. The fact
that no fertilizer or combination of fertilizers can be relied upon to
control the rust or to influence materially the severity of its atia

seems established., There are als*v strong dications that heavy f
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Thus it would seem that in the developient of resistant varieties re-
mains the only possibility of contrelling the discase. Kaeurpher, a
South American variety, is reported (13) to be resistant in Michigan.
This appears to be the only variety of cultivated sunflower for which
any resistance is claimed. If this variety is resistant to all biologic
forms of the rust it might well form the starting point of an attempt
to develop improved resistant varieties adapted to those regions where
sunflowers are likely to be of considerable economic importance.

DISCUSSION
SIGNIFICANCE OF RESULTS OBTAINED

From the facts obtained in this investigation, it is evident that
Puecinia helionthi has many characteristics which favor its occurrence
m epidemic form.

The urediniospores are produced in great numbers and retain their
viability for at least six months. These are supplemented by the telio-
spores, some of which are capable of germinating without a rest period
and originating more urediniospores, and the rest of which germinate
over a long period. Thus abundant inoculum is assured.

Temperature relations are not likely to be prohibitive, as the
urediniospores and teliospores germinate through a wide range of
temperatures (6 to 28° C.).

The fact that urediniospores may germinate within an hour and a
half and cause infection within six hours, not only assures the develop-
ment of rust under normal conditions, but indicates that epidemics can
develop even in a normal season. That is, a certain loss must be
expected every year and this will be greatly increased in wet years.

Host conditions are also particularly favorable to the development
of epidemics. It has been shown that the rust found on four of the
most commonly occurring wild varieties may transfer readily to cul-
tivated sunflowers. Thus an abundance of spores will have been pro-
duced on wild varieties before the cultivated ones develop. In any
vear, therefore, only the dissemination of spores from wild varieties
and suitable weather conditions for short intervals will be necessary
to produce an epidemic.

Sunflower rust is well fortified against unfavorable conditions
and it secims particwlarly well adapted to rapid development when con-
ditions become favorable.

Tt has been found that the onset of unfavorable conditions is fol-
fowed quickly by the formation of telia. That is, a resistant spore
form, capable of remaining dormant over long periods, is readily de-
veloped and insures the perpetuation of the fungus until the return of
suitable growth conditions. On the other hand, some telia can germi-
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1. Sunflower rust assumed cconomic importance when sunflowers
began to be grown for ensilage purposes. It is a serious problem in
their cultivation.

2. Fucciiia helianthi was frst d Voo mitz in 1822, It
has now attained practically world-wide distribution and occurs
throughout the United States.

P. helianthe occurs on at ieast sixteen species of Heliantlus hut

&

has not been shown to go to other genera.

4. Sunflower rust is a Lypu,al evautoecious rust. All four stages
were produced and studied under greeﬂhou%e conditions,

" 5. Sunflower rust has a tendency to short-cycle itself by omitting
the aecial stage.

6. Altho most teliospores will not germinate without a rest period,
a small percentage may germinate immediately,

7. Teliospores germinate at from 6 to 23° C. They usually germi-
nate by a four-celled promycelium, each cell of which T ears an oval,
hyaline sporidim. They may also germinate by producing a branched
promycelium of indefinite growth.

8. At ordinary temperatures, the viability of aeciospores decreases
rapidly.  After three weeks only a small percentage of spores were
viable. Humidity seems to be the niost important factor in determining
how long aeciospores retain their viability.

9. Uredinjospores may germinate within an hour and a hali. FEach
bpon sends out a germ tube from a median gerin pore

The optimum temperature for germination of urediniospores
is about 18° C., the maximum slightly above 28° C.. and the minimum
below 6° C.

11. Urediniospores immersed in water germinate very poorly, if
at all. They germinate best when floating on water. An oil film on
the cover slip of hanging-drop cultures increases the percentage of

», L

germination.

12. Uredinial infection develops if inoculated plants are incubated
in moist chambers for six hours or longer.

13. Germ tubes from the aeciospores and urediniospores enter the
host through the stomata, while those from the sporidia seem to pene-
trate the epidermis directly.

14. Under optimum conditions pycenia follow inoculation with telio-
spores within ten or twelve days. Aecia follow pyenia after from
eight to ten days. Uredinia usually develop in from five to seven
davs after inoculation.
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15. The incubation period of the uredinial stage is about two days
longer in mature plants than in young plants.

16. Light is essential to the development of the rust. Reduced light
intensity increased the length of the incubation period from six to
eight days and may prolong it indefinitely.

17. Rust will not develop at temperatures below 50° I, but, if
infection has already taken place, the mycelium may remain dormant
in the leaves for a month at this temperature and may develop quickly
with the return of higher temperatures. At 55° F. the rust develops
very slowly and the uredinial stage is soon replaced by the telial stage.

18, The uredinial mycelium is largely intercellular and binucleate.
Cells are killed only where pustules are being developed.

19. Rust from four of the most commonly occurring wild varieties
of sunflower (H. scaberrimus, H. annuus, H. subrhomboideus, H.
maximiliant) readily infected cultivated sunflowers.

20. The existence of at least three, and probably of four, biologic
forms of P. helianthii has been demonstrated.

21. Suiflower rust can not be controlled nor can the severity of its
attack be modified greatly by the fergli

zers tested. There is some indi-

cation that the defoli
!

22, Spraying with bordeaux mixture and dusting with copper
carbonate powder were altogether ineffective in controlling the rust
m a singl il

ation resulting from a rust attack is more severe

ized with of

on plants ferti

fes.
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EXPLANATION OF PLATES
Plate 1. Graphic presentation of the results of an experiment on the relation of
temperature and humidity to the vitality of aeciospores.
Fig. I. Percentage of germination, plotied against storage time in days, of
spores kept at 33° C. (1) spores stered at 0% relative humidity; (2)
spores stored at 20% relative humidity: (3) spores stored at 40%
relative humidity; (4) spores stored at 60% relative humidity; (35)
spores siored at 8% relative humidity; (6) spores stored at 100%
relative humidity.

Storage temperature 10-31° C.; otherwise the same as TI.
temperature 23.5° C.; otherwise the same as 1.
emperature 21° C.; otherwisc the same as I.

5 ge temperature 8° C.; otherwise the same as 1.
Fig. 6. Perceniage of germination, plotted against storage time in days, o
0% relative humidity, Storage temperatures (1)
) 10-31° C. (outside light) ; (3) = &° C.; (4) = 8-31°
(outside dark}; (5) = 23.3° C,; (6) = 21° C,
e II. (1) Germinating teliospore; (2) tip of promycelium showing sporidia;
(3) geriminating speridia; (4) cross-section of leaf showing penetration of

e

h

Il

@

germ tube; (5) inner surface of epidermis three days after in-

S

oculation with urediniospores. A substomatal vesicle giving rise to hyphae;
(6) aecial penetration. View of inner surface of epidermis thrce days
after inoculation with aeciospores. Substomatal vesicle giving rise to hyphae.
Plate ITI. (1) The reaction of Mammoth Russian to Puccinia heliontht Form 1.
The lower (right leaf) and upper (left leaf) leaf surfaces are shown.
(2) The reaction of Mammoth Russian to Puccinia helianthi Form II.
Lower (left leaf) and upper (right leaf) leaf surfaces are shown.
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