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SUNFLOWER RUST 

BY D. L. BAILEY1 

INTRODUCTION 

Altho the sunflower has been growa 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 chief significance in this country 
as an ensilage crop in those northern states and in adjoining parts 
of Canada where corn cart 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 
occurs commonly throughout the region in which sunflowers promise 
to be most extensively cultivated, and under favorable conditions it 
causes serious damage through defoliation. 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 r882, from 
material collected in Pennsylvania. Subsequent to his description of 
it, Puccinia helianthi Schw. 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 Saccard.o ( r 3), it occurs on the following hosts : H eli
anthus angustifolius L., H. annuus L., H. · californicus Schw., H. 
decapetalus L., H. divaricatus L., H. doronicoides Lam., H. grosse
>erratus Mart., H. heterophyllus Schw., H. hirsuttts Rafin., H. laeti
(lorus Pers., H. ma:cimiliani Schrad., H. mollis Lam., H. occidentalis 
Ridd., H. rigidus Des£., H . .11trum.osus L., and H. tuberosus L. 

Altho Puccinia helianthi was described in r882, comparatively little 
work has been done on it. Kellerman first demonstrated that the rust 
as it occurs in 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 Formerly a member of the staff. 
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seem to indicate that there is some biologic within the 
F. helianthi and that cultivated H. annuus is a common 

host for all forms of rust. Nothing fnrth,~r has been on 
the life on its or on control 
n1easures-; yet ,these have assun1ed since the rust 
has become 
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three to five millimeters in diameter but the expanded spots are often 
a centimeter and a half in length. The aecia are orange-red in color 
with white laciniate margins. Ordinarily they appear from ten to 
fourteen days after the pycnial pustules develop, and while most com
mon on the under surface of the leaves, are also to be found on 
the upper surface, on the petioles, and on young stems. The aecio
spores are orange-red to pale orange in color and somewhat varia~le 
in shape, typically ellipsoidal but sometimes almost polygonal. They 
are finely echinulate and have four median germ pores. They vary 
from 2I to 28 microns by r8 to 20 microns. 

The uredinia are chestnut brown in color, round, scattered or con
fluent, and pulverulent. They present an entirely different appearance 
on the upper and lower surfaces. (Plate III.) On the upper surface 
they are small and usually located on pale green or yellowish spots, 
while on the lower surface the sori are much more massive, darker in 
color, and there is little associated chlorosis. The uredinia occur on 
leaves, petioles, young stems, and involucra! bracts. The uredinio
spores are sub-globose, elliptic, or obovate, and yellowish brown in 
color. They are echinulate and have four median germ pores. The 
measurements of a hundred spores varied from 23 to 27 by r'7 to 22 

microns and averaged 23.7 by 20.8 microns. 

TYPICAL LIFE HISTORY 

Sunflower rust is a typical euautoecious rust; that is, telial, pycnial, 
aecial, and uredinial stages are all produced on the one host. All four 
stages have been produced 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 optimum conditions for the host, tel;a begin to form 
about a month and a half after the uredinial stage first appears. At 
the end of two months both stages are present in about equal propor
tions, and by the end of the third month the telial stage has almost 
entirely replaced the uredinial stage. This course is much varied, 
however, by external conditions; in general, conditions unfavorable 
to the host hasten the production of telia. 

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 
induced later by allowing only weak diffuse light to reach the plants. 
Similarly high temperatures (75 to 85° F.) with low soil moisture 
induced the formation of telia within the same period. At temperatures 
averaging approximately 55° F. uredinia developed very slowly and 
were replaced by telia within two weeks. 
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This ready formation of telia is very important m 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 infection and give rise to 
the pycnial stage. 

· Pycnia appear from eight to ten days after inoculation with telio
spores and after about the same period are followed by the aecia. 

Altho Woronin (I7) reported in I872 that he had been successful 
in obtaining the aecia of sunflower rust on H elianthus annuus from 
teliosporic infection, his observation was not confirmed until I900, 
and during this period the rust was regarded by most authorities as 
a hemi-form. Sydow ( I4), 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 
belong either to a heteroecious form or to an isolated Aecidium. How
ever, Kellerman in I900 (IO) and Jacky (14) and Arthur (I) in I903 
demonstrated conclusively that the rust is euautoecious. Sydow, in 
I902 ( I4), in correcting his earlier error, concludes that on account 
of the rarity with which the aecial stage has been reported the fungus 
is able to omit this stage and propagate; itSelf altogether through the 
uredinial and telial generations. McAlpine (I I) states that the aecia 
never have been reported in Australia, altho the rust is plentiful. 

In this country the aecial stage, while relatively uncommon, is by 
no means rare and it may play a significant role in the life-history 
of the rust. In fact, except for short-cycling, it has not been shown 
that the rust can propagate itself here without the aecial stage'; and 
aecia have commonly been found in Saskatchewan as late as July 28 
on cultivated sunflowers. This would indicate that the aecial stage 
might be an important factor in the early stages of the epidemiology of 
the rust. 

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

VARIATIONS FROM TYPICAL LIFE HISTORY 

The normal development of pycnia and aecia does not always follow 
teliosporic infection. There is a distinct tendency for the rust to omit 
the aecia and develop uredinia after the production of pycnia. The 
uredinia produced by short-cycling subsequent to pycnial formation 
usually had a very distinct appearance. They developed below pycnia 
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and were confineCl 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 of the nuclear phenomena accompanying this 
shortening of the life cycle. This phase proved extremely difficult to 
investigate, since one had to wait for the development of the uredininm 
to determine whether short-cycling had occurred in any given instance. 
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 
hyphae be traced. 

Short-cycling seems to occur rather infrequently and the condi
tions governing it are not at all understood. It was -observed only on 
rather heavily infected leaves which suggested that a nutrient relation 
might -be involved. Attempts to induce short-cycling by adverse host 
conditions did not yield conclusive results. The phenomenon occurred 
so erratically that it was difficult to ascertain definitely the cause. It 
occurred on plants incubated at approximately 6o° F. as well as on 
plants kept dry at 75° F. 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. 

Efforts 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-cycling 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 be 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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hours practically roo per cent usually germinate. Each spore sends 
out one germ tube from a median germ pore . 

. -Urediniospores produced 111 the 
In one instance I 5 per cent of 

the spores had germinate,J within bvo and some of them had 
This is of great 
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Table I. 

TABLE I 

l?.ERCENTAGE •.JI' GER1.1 INATlOJ'\ 

TenLperatnres 

6-9° C. 30 

Percentage of gerrhi;Lation 

)0 

--------- i ------

tr r6 I? tr 

tr 4I 
-- -- ; ·-·----~- -

68 tr 
-~ i -----··---·------

tr 

-1-9 
------~I--~---"'--- ------- i -------

5I 0 

-.j. IO 

------1 -------

---9 -1---~~--
6r 

10 0 

-------------
tr (trace) ::= less than one 1Jer cent germination. Ec.ch percentage the aventge of t"\'/0 o,
hanging-drop cultures. 
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A light smear of paraffin oil on the cover slip of Van Tieghem 
cells was foum~ to have a marked influence in increasing the germina
tion of uredinospores. This influence did not usually extend to the 
spores submerged in the center of the drop but was very pronounced 
around the edge. As a rule only a trace of germination occurred, 
even under optimum temperature conditions, when a spore suspension 
without an oil film was used in hanging drops. The effect of the oil 
smear does not seem to be explicable on a direct chemical basis, 
because of the marked inactivity of the saturated hydrocarbons. The 
physical action would seem to be 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 be 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 
germinate almost equally well whether an oil film is present or not. 
(Table II.) Moreover, if spores are floated on the drops in Van 
Tieghem cells instead of being immersed in the medium, they germinate 
well in the absence of an oil film. 

TABLE II 

EFFECT OF AN OIL FILM ON UREDINIOSPORE GERMINATION 

Percentage of germination in hanging drops at I8° 

With an oil film Without an oil film 
53 0 

59 
32 

95 
3I 
48 
42 
94 

tr (trace) = less than one per cent. 

VITALITY OF SPORES 

0 

tr 

4 
tr 
tr 
0 

tr 

Teliospores.-Teliospores germinate over· a long period of time. 
In October cultivated H elianthtts annutts was inoculated with mixed 
uredinial and telial material from both wild and cultivated H. annuus. 
About forty-five plants were inoculated and along with the uredinial 
infection that developed, five pycnia were produced. This indicated 
that a small percentage of teliospores germinate without a rest period. 
Therefore further investigations were made as soon as freshly pro
duced telia were obtained in the greenhouse. With the exception of 
one instance, where a heavy infection was obtained, such spores con
sistently. produced a light infection, one to six pycnial pustules being 
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produced on each leaf. The percentage of teliospores that germinate 
without a rest period must therefore be very small. This was further 
indicated by germination tests with freshly produced teliospores, for 
in these tests it was only rarely that any spores germinated. 

As time went on, increasingly heavy infection resulted from telial 
material produced and stored outdoors, so that by the middle of Febru
ary from IS to 20 per cent of t~e spores were germinating, and con
sistent heavy infections were being obtained. How long these spores 
will retain their vitality is not known, but since collections of the 
pycnial stage have been made in Saskatchewan as late as the latter 
part of July, germination obviously continues over a long period in 
nature. One lot of teliospores, produced in the field and overwintered 
outdoors, was placed in the ice-box in June. At that time So per 
cent of the spores germinated. Six months .later most of the spores 
were no longer viable, altho occasionally a few telia were found all 
the spores of which germinated vigorously. 

Telial material collected on November I6, I920, was stored in dark
ness and light, outdoors and inside, as well as at the following temper
atures in darkness: ice-box (6-9° C.), IS 0 C.; room temperature, J0° 
C., 40° C., and 45° C. Inoculations were made from all of these on 
March 5, and the spores kept at 40° and 45° were no longer viable. 
Those that had been stored at IS 0 C. produced about the same infection 
as spores stored outdoors, and this infection was much heavier than that 
from spores kept in the ice-box. This agrees with Woronin's (I7) 
observation that the teliospores of this rust germinate equally well 
whether kept dry in a room or taken from leaves which had laid under 
the snow all winter. At this time somewhat better infection was 
obtained from· material stored in light than from that stored in 
darkness. 

No satisfactory explanation of the varying requirements in regard 
to a resting period by the teliospores was discovered. Efforts to 
shorten the dormant period of resting spores by the citric acid treat
ment, as used with success on teliospores of Puccinia graminis tritici 
by Thiel and Weiss (I6), were altogether unsuccessful. Varying the 
strength of the citric acid from I to IO per cent and the time of treat
ment from ten minutes to three hours, likewise gave no positive results. 
Acetic and hydrochloric acids were substituted for citric in similar 
treatments ; and the spores were exposed to ether vapor for various 
intervals, but only negative results were obtained. 

The observation pointed out above, that spores stored at room 
temperature produced heavier infections in March than those stored 
under more humid conditions in the ice-box and outdoors, seems to 
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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, I7, 24, 38, 47, and ISS 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 I9 
to 2I o 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 8 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 I7 was the latest date on 
which viable spores were found. In I92I 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 aecia being present, or 
the two may appear about the same time. 

ENTRANCE INTO THE HOST 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 in detail for the uredinial stage. 
Very heavy infection resulted 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 became lighter as the incubation period was 
shortened to less than twenty-four hours, altho some infection resulted 
after only six hours' incubation. 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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The simplest method of ascertaining how the germ tubes of the 
various spore forms enter the host was found to be by the direct 
microscopic examination of the epidermis removed from artificially 
inoculated cotyledons. Because of its thickness, the epidermis could 
readily be stripped off the leaf. It then was stained _with aqueous 
eosin and examined under the microscope. 

The germ tubes of the urediniospores enter through the stomata. 
The germ tube forms an appressorium above a stoma. A minute 
penetration tube passes through the stomatal opening and a sub
stomatal vesicle is developed. From this, hyphae grow in all direc
tions. This is well brought out by Figure 5 of Plate II. That 
the method of penetration in the older leaves is similar to that of the 
cotyledons is indicated by Figure 4, Plate II, which is drawn from a 
section of an older leaf. The substomatal vesicle and appressorium 
are both visible and are connected by a tube passing through the 
stomatal opening. 

The germ tubes of the aeciospores also e1i.ter through the stomata 
in the same manner as do those of the urediniospores. This is shown 
in Figure 6 of Plate II, which is a view of the inner surface of a stoma 
three days after inoculation, and demonstrates stomatal penetration. 
Substomatal vesicles beginning to send out hyphae in all directions are 
shown in the figures, and at a slightly different focus the remnants of 
appressorium crmld be seen. 

Altho it has not actually been observed, there is little doubt that the 
germ tubes of the sporidia penetrate the epidermis directly. Many 
infected leaves were examined but there was no evidence of stomatal 
penetration. In a few cases there was some evidence that the promy- ' 
celium had grown out indefinitely and had penetrated the leaf directly 
without forming sporidia. 

LENGTH OF INCUBATION PERIOD 

The length of the incubation period of any stage of the rust is 
not sharply fixed. It is greatly influenced by external conditions 
shortly after infection has taken place. Under optimum conditions 
pycnia follow teliospore infection in from ten to twelve days; and 
aecia are developed within the next eight or ten days. Aeciospores 
produce uredinial infection normally within seven days, while plants 
fleck following urediniospore inoculation within five days. The influ
ence of various factors on the incubation period of the uredinial stage 
was more extensively studied than that of any of the other stages. 

The age of the host prblongs the incubation period but does not 
alter the final degree of infection. When other conditions are favor
able, young leaves develop uredinia in the greenhouse five or six days 
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after inoculation. 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 weak 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 increased 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 mo're. 

The pronounced influence of temperature on the development of 
rust was brought out by the following experiment. Six pots of 
plants were inoculated in a similar manner with the same spore suspen
sion on November 28 and incubated for two days in a moist chamber. 
Four of the pots were transferred to a cold incubator where the 
temperature remained fairly constant between 40 and 50° F. The 
other two were retained in the greenhouse as checks at approximately 
75° F. On the latter rust developed normally, flecks appearing after 
five days. At the end of a week no change had· taken place in the 
plants in the cold incubator, but flecks appeared on one of the plants 
two days after it was transferred to the greenhouse. Uredinia ap
peared two days later. After two weeks a second plant was brought 
into the greenhouse and after three days flecks appeared and a normal 
infection developed. The last was brought in at the end of four weeks 
and reacted similarly. Thus, for at least twenty-eight days the my
celium remained alive but dormant in the infected leayes without giving 
any evidence of its presence. 

A second experiment was made under more variable temperatures, 
ranging from 36 to 70° F. but averaging approximately 55° F. The 
plants did not fleck until from sixteen to eighteen days after inocula
tion. Shortly after this the plants in three of the four pots were 
killed by root rots, but those in the fourth pot lived a month longer. 
Only weak subepidermal uredinia developed on these plants. \Vithin 
two weeks from the time the uredinia developed they were almost 
completely replaced by telia, but even the telia failed to rupture the 
epidermis. 

The upper limit of the temperature at which infection can take 
place has not been determined; but as a few urediniospores germinated 
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 develop 
partially accounts for the occurrence of the rust under such varied 
climatic conditions as were indicated in the discussion of distribution. 
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The fact that the rust may long remain dormal}t if external conditions 
are unfavorable and that it may develop rapidly when conditions again 
become suitable, offers a plausible explanation of the sudden appear
ance of rust over large areas. For instance, a cold spell might prevent 
the development of infections previously initiated, but it would not 
inhibit spore germination or the initial stages of infection. Therefore 
the return of favorable conditions would be marked by the develop-

. ment, within a few days, of a great number of infections which would 
normally have been spread over the whole period. 

HOST RANGE AND BIOLOGICAL SPECIALIZATION 

According to our present knowledge, Puccinia helianthi Schw. must 
be regarded as confined to the genus H elianthus L. One report of its 
occurrence on Rudbeckia hirta L. was investigated by Sydow who 
reports ( 14) that the host probably was H. angustifolius L. It occurs 
widely throughout the genus Helianthus as specified above under 
"Hosts." Puccinia heliopsidis Schw., which occurs on H eliopsis laevis 
Pers. and H eliopsis scabra Dunal, is morphologically indistinguishable 
from P. helianthi but is retained by Sydow as a separate species, since 
it has not been shown to be biologically identical with P. helianthi. 

There has been much speculation as to whether there are several 
biological forms of the rust. W oronin and Jacky ( I4) claimed that 
the rust from H. annuus L. would not transfer to H. tuberosus L. and 
on this basis, after a very limited number of infection experiments, 
Jacky divided the species into two. He retained the name P. helianthi 
for the form on H. annuus L. and called the form on H. tuberosus L., 
P. helianthorum. Sydow did not consider the evidence sufficient to 
warrant breaking up the species and does not recognize Jacky's P. 
helianthorum ( 14). 

Carleton in 1901 (6) first made cultural experiments with the rust 
in this country. He showed that the species was autoecious here and 
was of the opinion that "there is no distinction of host forms." 

_Arthur ( r), in 1903, reported that teliospores from H. grosse
serratus Mart. were successfully sown on H. grosse-serratus and H. 
maximiliani but failed to infect H. strumosus. In the following year 
teliospores from H. mollis failed to infect H. strumosus, H. tuberosus, 
H. grosse-serratus, H. rigida, and H. maximiliani. There was slight 
infection on H. tomentosus and heavy infection on H. mollis and H. 
annuus. In 1905 (3), Arthur inoculated fifteen species of Helianthus 
with teliospores from H. mollis, H. grosse-serratus, and H. laetiflorus. 
He summarizes his results as follows : "Each set of spores grew upon 
the species of host from. which derived but not upon the other two 
species, except that spores from H. laetiflorus sown on H. mollis gave 
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a tardy showing of pycnia without further development. Also each 
set of spores grew luxuriantly on H. annuus and made a feeble growth 
on H. tomentosus, but on all other species failed to infect or make a 
feeble growth." He concludes that P. helianthi Schw. is "a single 
species having many races, for which H. annuus acts as a bridging 
host." From his results it would seem that "bridging host" implied 
only a common host. 

Kellerman ( IO), in I905, infected H. annuus with teliospores from 
H. tuberosus but failed to infect H. tracheliifolius, H. mollis, H. maxi
miliani, H. decapetalus, H. grosse-serratus, H. orgyalis, and H. keller
mani. Teliospores from H. grosse-serratus infected H. annuus, H. 
orgyalis, H. tracheliifolius, H. kellermani, H. giganteus, H. grosse
serratus and H. decapetalus. This work shows that Jacky's division 
of the species as noted above is invalid. With reference to the exist
ence of specialization within the species Kellerman says, "Recent inocu
lation work leads me to think there is but one valid species and there 
are no recognizable 'biologic' forms." The negative results reported 
above he considers uncertain, since the results of different years have 
not agreed in all particulars. 

EXPERIMENTS ON BIOLOGICAL SPECIALIZATION 

In I92I urediniospores from H. scaberrimus Ell., wild H. annuus 
L., and H. subrhomboideus Rydb., three wild forms which occur very 
commonly in the West, readily infected cultivated H. annuus. Telio
spores from wild H. annuus and H. maximiliani Schrad. and from 
three collections of cultivated H. annuus also infected cultivated sun
flower heavily. 

The reaction of eight horticultural and cultivated varieties of sun~ 
flower to six cultures of rust was determined. The v:arieties used were 
Double California, Chrysanthemum-Flowered, Miniature I, Miniature 
II, Orion, Giant Russian, Mammoth Russian, and H. cucumerifolius. 
Three cultures of rust were obtained from cultivated sunflower, one 
from wild H. annuus, one from H. scaberrimus, and one from H. 
mbrhomboideus. Altho there were variations in the severity of infec
tion, all varieties were susceptible to all cultures of rust and there was 
no indication of specialization. 

In I922 the following cultures of rust were obtained: three from 
H. tuberosus L., one from H. maximiliani Schrad., one from H. 
hirsutus Raf., one from Mammoth Russian, and one from a horticul
tural variety called Chrysanthemum sunflower. These cultures were 
transferred to seedlings of the following species: H. giganteus L., H. 
scaberrimus Ell., H. hirsutus Raf., H. grosse-serratus Mart, H. divari-
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catus H. ma:ri·miliani Schrad. two collections of H. tuberosu,s L, 
and Mammoth Russian. 

The results are shovvn in Table V and indicate that three distinct 
forms were differentiated on the above-mentioned hosts. 
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with each pustule. This type of reaction is shown in Plate III, Figure 
2. Mammoth Russian is even more resistant to Form III than to 
Form II, but as a vigorous development of III may easily be mistaken 
for a weak development of II, and vice versa, these two forms are 
not clearly differentiated on Mammoth Russian. An additional collec
tion on H. divaricatus from Pennsylvania produced only flecks on 
Mammoth Russian. This indicates the existence of a fourth form, 
but as it did not develop any rust the culture was lost before its 
identity could be established. 

The wild species, as will be noted in Table V, were either immune 
or susceptible; no intermediate expressions of resistance were observed. 
The fact that Form I, which is the most virulent one on Mammoth 
Russian, is incapable of infecting. any of the wild species used is very 
striking, but is probably not of great significance. Since sunflowers 
are practically self-sterile, the specific limits in the genus are not well 
defined, and it is inevitable that a large number of genotypes will be 
included in each species. Therefore the reactions indicated for the 
particular collection of the species worked with can not be expected 
to hold for all samples of the same species. This conclusion is thoroly 
substantiated by the results obtained. It will be noticed that no one 
of the three cultures of rust obtained from H. tuberosz£s was able to 
infect either of the two collections of H. tuberosus used as hosts. 
Further it will be observed that Form III infects one collection of 
H. tuberosus but not the other. The specific identity of the host 
in this case is not open to question, since H. tuberosus is the best char
acterized and most easily distinguished species of the genus. There
fore the marked variability in resistance of different populations of 
the same species in this genus is ·established, and this fact may readily 
account for the apparently conflicting results of previous culture work 
with this rust. Because of this fact, too, it is obviously unfair to con
clude that wild species of H elianthzts have little relation to the form 
of rust which normally infects cultivated varieties, altho this conclu
sion would seem justified by a casual study of Table V. 

As the wild species are not pure lines and the resistance of each 
species is extremely variable, the results obtained by testing the reac
tion of particular samples of several species to given forms of rust can 
not be applied generally. Therefore there seems to be little advantage 
in following out this line of investigation past the point of demonstrat
ing the actual existence of biologic specialization. This has been 
indisputably established in this investigation. Mixtures of Forms I 
and II even on the same leaf, of Mammoth Russian, have been sepa
rated several times, and the forms so isolated have been cultured in 
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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, 
the only practical method of investigating their resistance is to grow 
them in many widely-separated localities for a considerable period 
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 
of various fertilizers. Sodium nitrate, potassium chloride, and treble 
superphosphate were used alone and in various combinations, and one 
plot was fertilized with barnyard manure. Plate I, each block of 
which represents one square rod, indicates the various combinations 
of fertilizers used and the rate at which they were applied. 

PLAN OF FE~TILIZER PLOTs INDICATING FERTILIZERS UsED AND RATE OF APPLICATION, IN 

POUNDS PER ACRE, IN 1921 
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The nitrates and manure were added in two applications, one at 
seeding and the other about two months later. In all other cases a 
single application was made just before seeding. When the plants 
were about a foot high the plots were sprayed with a suspension of 
urediniospores of Puccinia helianthi from greenhouse cultures. This 
was repeated about two weeks later and these two inoculations were 
found sufficient to institute an infection which developed rapidly into 
a severe epidemic. 

At the end of the growing season there were no significant differ
ences in the severity of the rust attack in the various plots. In all 
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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. JVIoreover, 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 one half in all cases except with the nitrates and 
manure, which were applied at the same rate as before. The epidemic 
was induced somevvhat earlier than in the previous year and over
wintered telial material was scattered over the plots as primary inocu
lum. The aecial stage developed very vigorously and abundantly and 
was followed a of the uredinial stage. 

Again the rust developed with uniform severity on all the plots 
and the difference noted was that larger and apparently more 
vigorous uredinia developed on the plants fertilized with nitrate. 
Yield data were 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 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 in Table VII. 

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

PERCENTAGE OF LEAVES RETAINED UNTIL HARVEST ON VARIOFSLY FERTILIZED P.LOTS 
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Thus it would seem that in the development of resistant varieties re
mains the only possibility of controlling the disease. Kaeurpher, a 
South American variety, is reported ( 15) 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 
Puccinia helianthi has many characteristics which favor its occurrence 
in epidemic form. 

The urediniospores are produced iri 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 
year, 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 seems particularly well adapted to rapid development when con
ditions become favorable. 

It has been found that the onset of unfavorable conditions is fol
lowed 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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nate any time and thus start rust anew. The urediniospores were 
found also to retain their viability for at least six months. 

Under favorable conditions the rust develops very rapidly. Short
cycling is of significance in this respect, inasmuch as it results in the 
early production of the repeating urediniospores, thus obviating the 
necessity of developing aeciospores. 

Short periods of high humidity are sufficient to insure the develop
ment of the urediniospores thus formed, as they may germinate within 
an hour and a half and cause infection within six hours. The efficiency 
of the urediniospores is further increased by their ability to germinate 
over such a wide range of temperature ( 6 to 30° C.) and to infect 
almost any part of the host. 

The striking fact that the development of the rust may be inhibited 
for a month after infection, by unfavorable external conditions, and 
then proceed normally, may largely account for the sudden appearance 
of the rust over large areas and may also be an important factor in the 
development of rust epidemics. Spores can germinate at much lower 
temperatures than will permit subsequent development of the rust. 
Infection may therefore occur just before or during periods of cold 
wet weather, and the rust then develops very rapidly with the return of 
favorable conditions. The sudden development of an epidemic may 
be explained thus and this explanation is probably applicable to the 
similar phenomenon in other rusts. 

From the experiments on control it is evident that the development 
of resistant varieties is the only promising method of control. The 
fact that P. helianthi consists of several biologic forms must be con
sidered in the problem of resistance. 

Sunflower rust has offered a fruitful field for preliminary investiga
tion and promises much to more extensive research. Much is still to 
be learned of the life history of the causal organism, its methods of 
overwintering, the physiology of spore germination, and development 
of the various stages. Conditions influencing infection and the exact 
nature of the injury to the host call for further study. The working 
out of the histology of infection offers an especially interesting field 
because of the phenomenon of short-cycling which occurs. The host 
range and biologic specialization are very imperfectly known and 
should be investigated because of their practical, as well as their scien
tific value. Finally, the economic importance of the disease warrants 
much more extensive investigation of methods of control. 
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SUMNIARY 

r. Sunflower rust assmned economiC Yvhen sun!1ovvers 
to be grovvn for 

their cuhiuation. 
purposes. It lS a serious 11:1 

2. ]:Juccz>n.ia helicrnthi -\\ras first described Schv:einitz in 1822. 

has nmv attained vvorlcl-wide distribution ;:md occurs 
the United States. 

3- P. helwn!ln: occurs on at least sixteen 
has not been shown to go to other g·enera. 

of H dianthus bul 

4· Sunflower rust is a euautoecious rust. All four 
and studied 

S- Sunflower rust has :c1 

the aecial 

After three weeks only a 
viable. Humiclitv seems to be the most 
how long retain their 

without a rest 

which bears an oval, 
producing a branched 

decreases 
were 

9· may germinate within a11'hour and a half. Each 
spore sends out a germ tube from a median g·erm pore. 

IO. The optimum for germination of 
is about I8° 
below 6° C. 

II. 

at alL 
the cover 
germination. 

I2. Ureclinial infection 
in moist chambers for six hours 

and the minimum 

very if 
on water. An oil film on 

cultures increases the percentage of 

if inoculated plants are incubated 

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

q. Under optimum conditions follow inoculation with telio-
spores within ten or twelve clays. Aecia follow pycnia after from 
eight to ten Uredinia usually develop in from five to seven 

after inoculation. 
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r 5- The incubation period of the uredinial stage is about two 
longer in mature plants than in young plants, 

r6, Light is essential to the development of the rust. Reduced light 
intensity increased the length of the incubation from six to 
eight and 1nay prolong· it indeJ~nitely. 

17. Rust wiH not at ten1peratnres below 50° but, if 
infection has already taken place, the mycelium may remain dormant 
in the leaves for a month at this and may develop 
with the return of higher temperatures. F. the rust develops 
very and the urechnial the telial stage. 

r8. The uredirdal and binucleate. 
Cells are killed 

19. Rust from 
of sunflower annuus. I-£. 

infected cultivated sunflowers. 
20. The existence of at Ieasi· and 

forms of P. hclianthi has been dernonstratecL 

H. 

of 

2L SuuHovver rust can not be controlled nor can the of its 
ati:ad-c be m.odified the fertilizeTs tested. There is some indi-
cation that the defoliation fro.1n a rust attacl< 1s n1ore severe 
on 

"'\/Vith bordeaux~ 1nixtnre and 
ineffective in 

ACKNOWLEDGEMENTS 

The author wishes to expre.ss 
assistance of Dr. E. C Stakman 
the kindness of Mr. VY P. 

States Department 
Disease 

of rust. 

the rust 

invaluable 

"'"~"·'~'·"" ; and of 
and Mr. 

cultures 



SUNFLOWER RUST 

LITERATURE CITED 

(1) Arthur, J. C. Cultures of Uredineae. 
Bot. Gaz. 35: 17. 1903. 

(2) ---- Cultures of Uredineae in 1903. 
] our. of Mycol. r6: 12-13. 1904. 

(3) ---- Cultures of Uredineae. 
Jour. of Mycol. II: 53· 1905. 

JI 

(4) ---- and Bisby, G. R. An Annotated Translation of the Part of 
Schweinitz's Two Papers Giving the Rusts of North America. 
Proc. Amer. Phil. Soc. 57 : I73-292. 1918. 

(5) Atkinson, A., Arnett, C. N., et a!. Growing and Feeding Sunflowers in 
Montana. 
Univ. of Montana, Agr. Exp. Sta. Bul. IJJ. 1919. 

(6) Carleton, JVL A. Notes on the Life History of Certain Uredineae. 
Science 13: 250. 1901. 

(7) ----- Culture Methods with Uredineae. 
Jour. of Applied Microscopy and Lab. Methods. 6: 2109. Rochester, 
N. Y. 1903. 

(8) ·---- Investigation of Rusts. 
U. S. Dept. of Agr. Bur. of Pl. Ind. Bul. 63 p. 13. 1904. 

(9) Garrett, A. 0. Smuts and Rusts of Utah. 
Mycologia z: 284. rqro. 

( ro) Kellerman, W. A. Ure"dineous infecti.on experiments. 
Jour. of Mycol. II : 30-32. 1905. 

(II) McAlpine, D. The Rusts of Australia. p. rs8. I906. 
( 12) Putman, G. vV. Sunflower Experiments. 

Quarterly Bul. Michigan Agr. Exp. Sta. 2: 49-52. 1920. 
( 13) Saccardo. Sylloge Fungo rum 12: 634. 1897. 
(I4) Sydow. Monographia Uredinca.rum. pp. 93 and 859. 1904. 
( rs) Spragg, F. A. and Down, E. E. Rust Resisting Sunflowers. Quart. Bul. 

Mich. Agr. Exp. Sta. 2: I28-I29. 1920. 
( r6) Thiel, A. F. and Weiss, Freeman. The Effect of Citric Acid on the 

Germination of the Teliospores of P~tccinia gram.inis trit-ici. 
Phytopathology ro: 10-448. 1920. 

( 17) VVoronin, M. Untersuchungen ueber die Entwickelung des Rostpilzes 
(Pu,ccinia helianthi) welcher die Krankheit der Sonnenblume verur
sacht. Bot. Zeit. p. 677. r872. 

( rS) Sunflower Silage. 
Quar. Bul. Mich. i>,gr. Exp. Sta. 2: r64-r65. 1920. 



EXPLANATION OF PLATES 

Plate L CTz,phic presentation of the reslllts of an experiment on the relation of 
ternperatnre. and burnidity to the vitality of aeciospores. 
!i'igo lo Percentage of gerr:nination_, plotted against storage t1me in days. of 

spores kept at 33° "-'· ( r) spores stcrecl at o)~ relative hun1idity; (2) 
spores storc:d 20% relative: humidity: ( 3) spores stored at 40% 

relathre htnTlidit::v (4) spores stored at 6o'70 re12"tive hurnidity; (5) 

Fig. 
Fig. 
F1go 
Fig. 
Fig. 

spores s·lDred 8J 8oi~ relative hurni.dity; ( 6) .spores ston~d 

relative htt111.idity. 

20 

LJ .• 

.)• 

·tenllJCTatnrc 10-31 o Co; othervv~se the san1e I. 

Stt)r:1gc temperature 23.5 a C.; othervFise the sarne as I. 
St•)r;:=~_ge t~n1peratur•.:: 2I o C. otherwise the: sarnf· L 
.Storage t<:Jnpe-rature gc ; othervvise the san1e as L 

roo]C 

6. PeP:enta,ge of gerrnination, plotted ag::-linsl: storage tinle ir. days, of 
spores kept c'.t Elo% relative humidity. Storage temperatures (I) 

C.: (2) ::-:: 10-.JI 0 c. (outside light) C3) ==go c·.; (4) == 8-Jl 0 c. 
(otttsid(~ dark)_; =::: 2,3.3° t (6) == 0 c:. 

Plate II. (I) C~ern1inating teliospore; ( 2) tjp of prornyceE1:n1. shovving sporidia; 
( 3) gen~ni11ating sporiclia; ( 4) cro:;s-section of leaf shO\?iling penetratf.on of 
1Jredinia1 gern1 tube; (S) inner surface of epidern1is three days after in
oculation \vith ti.n:diniospores. A .. sul;stoinata1 vesicle giv1ng rise to hyphae; 
(6) aecia1 penetration. ·~/ie"'vV of inner surface of epiclcnnis three cla,ys 
after i11oculation ·with aeciospores, Subston1atal vesicle giving rise to hyphae. 

Plate III. (I) The reaction of 1vl:ammoth Russian to Pw:cinia helianthi Form r. 
The :iovvcr (right leaf) aml upper leaf) leaf surfaces are shown. 
(2) The reaction of Mammoth to Puccinia hclianlhi Form IL 
Lower leaf) and upper leaf) leaf surfaces are shown. 
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Figure 2 








