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Studies on Epidemiology and Control of Chrysanthemum

White Rust, Caused by Pucinia horiana P. Henn.

Tsutomu UCHIDA

Summary

As an ornamental plant, chrysanthemum ( Chrysanthemum morifolium

Ramat. ) is required to be almost free from damage caused by disea —
ses and fungicides at least during the flowering period because the
commercial value of the plant will be seriously reduced. White rust

caused by Puccinia horiana is one of the most important diseases of

chrysanthemum, and its infection cycle has not been clarified till
now. This paper describes the results of the experiments on the me—
chanism of infection of the disease and the effective methods of its
control which were done in the district of Yamanashi prefecture, Japan.
I Mechanism of infection

The causal fungus, P. horiana 1is short—cycled species and has no
other stages in its life history other than teliospores and sporidia.
Teliospore pustules are formed usually on the under surface of the
leaves of the host plant. The teliospores germinate without a period
of dormancy and produce only two sporidia on a promycelium The spo—
ridia are the only inoculum for the disease. In this section, the
environmental conditions for infection, transmission and penetration
of the sporidia, and the life history and life cycle of the fungus
were investigated.
1. Environmental conditions for infection

Formation of sporidia, their germination, and penetration of the
host leaves occurs up to tempratures of nearly 25C. Suitable tempra—
ture for sporidial formation ranges from 10— 23 C while the optimum
range is 15— 20 C. The suitable temprature range for sporidial germi—
nation and penetration is 10 —24.5C while the optimum temprature is
about 20 C. High humidity, over 90% R. H. and the presence of free
water on teliospores are necessary for sporidial formation. Sporidia
are formed in 2—4 hours at optimum temprature. In the field, they
are formed during rainfall or dewcondensation. At the optimum temp—

rature, the sporioia in water or on water agar in sealed petri dishes



germinate over 90% in 1—2 hours. However, for sporidial germination,
free water is not always necessary at high humidity near 100% R.H..
The sporidia on glass slides in humidity adjusted containers had
over 50% germination in 6 hours at 95% R.H., and over 90% in 3 hours
at 989% R.H. . For penetration, a wet leaf surface is necessary with
a minimum of 2—3 hours at optimum temprature. Light intensity of
up to 3,000 — 5,000 lux had no effect on sporidial formation, germina —
tion, and penetration. Sporidia survived longer than 12 hours at 20C -
93% R.H. , and 18 hours at 10C -+ 88 —93% R.H.. However, they are so
susceptible to dessication that they are killed in a few seconds at
about 18C+60% R.H. . 1t is concluded that cool tempratures and con —
sistent high humidity longer than several hours during rainfall or
dewcondensation are fundamental requirements for infection .in the
field.

2. Transmission and penetration of sporidia

Sporidia discharge actively“ from promycelia and are dispersed by
air flow. In the plant community, sporidia formed during a period of
dewcondensation with little wind float easily and are dispersed by
micro conventional stream of air caused by fine differences in tem—
prature between the higher and lower layers of atmosphare under the
leaf canopy. Outside the plant community, sporidia are dispersed by
wind. However, this occurs usually under light winds of less than 2
m,” sec and the amount of infection is very few on the plants more
than 50m from inoculum source plants. In the flat ared, the effective
transmission for disease occurrence seems to be limited up to 200 m
from the inoculum source plants.

Sporidia land on the upper surface of the leaf and penetrate into
the leaf tissues through the cuticle layer by the germ tubes after
germination., At that time, the germ tubes adhere from base to tip
to the leaf surface by a mucilaginous substance, but usually do not
form morphologically apparent appresoria on their tip. Penetration
of the germ tubes into epidermal cells begins about 3 hours and fi—
nishes about 12 hours after inoculation at optimum temprature. The
infectious potential of sporidia would decrease if they would germi—
nate prior to contact with the surface of the leaves. Sporidia on the

leaf surface are readily washed away from there before germination.



Leaves become less susceptible with their age, particularly after
the 3rd leaf stage. Epidermal cell walls of less susceptible leaves
become to thickened and granules stained reddish violet in color with
Sudan I are observed in the parenchymatous cells of the leaves., Al—
though almost all sporidia germinate on the surface of leaves after
inoculation, only a few of them (0.5%) succeed in forming teliospores
even in young susceptible leaves. Analysis of sporidia ratios of ger—
mination, penetration, and pustule formation suggests that there are
two kinds of resistance in the leaves, namely, resistance to sporidi—
al penetration into host tissues and resistance to mycerial spread
after the penetration. The lower susceptibility of older leaves see—
ms to depend on the increase of both resistances, especially on the
latter one. Occurrence of the disease dramatically decreases during
summer in the lowland area which is 250 — 350m above sea level and
very hot. This phenomenon is due to the unfavourable temprature con-—
dition for infection, and also to the action of direct sunshine
which makes leaf temprature higher than atomospheric temprature and
induces death of the fungus on or in the leaf. Such effect of solar
radiation becomes pronounced on a day with a maximum atomospheric
temprature above 34 C,

3. Life history and llife cycle of the fungus

A single sporidium inoculated on the leaf succeeded in forming teliospores,

Teliospores and mycelia oversummer and overwinter on living lea—
ves. Teliospores also overwinter on dried leaves.

In Yamanashi prefecture, three kinds of chrysanthemum are found
as wild species. Among them, two species, Aburagiku(ggl p_oreale)
and Ryunogiku (g}i‘ r_n_zi_}ﬂilgi) are found in the area where cultivated
chrysanthemum ( Ch. morifolium) 1is raised. The disease symptoms
of the former were never found out in nature, and it was not suscep—
tible to the isolate of the causal fungus obtained from cultivated
chrysanthemum. The latter was infected with the present isolate by
artificial inoculation, but the disease symptoms of the plant were
found only rarely in nature. On the other hand, the wild isolate of
white rust fungus obtained from the naturally infected Ryunogiku
had of course strong infectivity to Ryunogiku but none to cultivated

chrysanthemum. Comparing the pathogenicity of the wild isolate and

- 100 —



the present isolate to Ryunogiku, the latter was apparently weaker
than the former. From these facts, it was concluded that these two
isolates are different in race and the wild isolate has no importance
on the spread of the disease on cultivated i:hrysanthemum, and further,.
the wild chrysanthemums have little relation with the life cycle of
the present isolate. At least in Yamanashi prefecture, the spread of
the desease from wild chrysanthemums to cultivated chrysanthemum
seems to be very rare.
I Control

Studies on the mechanism of infection show that infection source
in the plant community is very important for the infection of the fungus,
suggesting that the disease would be effectively controlled by eradi—
cative treatments of plants at an early growth stage, The controll—
ing effect of seedling disinfection and through curative sprayings at
an early growth stage after set planting were examined in the context
ment ioned above. Then, emergency control during growth stage, and the
practical effect of soil application of systemic fungicides were
investigated.

1. Seedling disinfection and curative sprayings

at an early growth stage.

As a procedure for seedling disinfection, whole plants dipped into
high concentrations ( 500 or 1,000 ppm ) of oxycarboxin {5, 6—dihydro—2—
methyl—1, 4—oxathiin—3—carboxanilide 4, 4—dioxide ) for 1—2 minutes
or into hot water of 50C for 2 mihutes was highly effective. The
practical efficiency of seedling disinfection was proven by applying
the former treatment. ln forcing culture in green house, dipping of
sucker seedlings into 1,000 ppm solution of oxycarboxinat both provisional
and set planting coutrolled the disease almost completely until
flowering even with no additional sprays of fungicides after the treatment.
In the field of highland area, 700 —-900 m above sea leve! where the
disease occurs severely even in summer, a single dipping of seedlings
into the 500 ppm solution at set planting in the spring gave exce—
llent control until summer. These treatments caused browning of
leaves as chemical injury but caused no serious damage to the seed-
lings such as abnormal growth or rooting inhibition, and were safely

applied to the seedlings of various kinds and various stages. Hot water
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treatment showed complete eradication but it could only be applied
to sucker seedlings at provisional planting because of severe dama—
ge to the older seedlings at set planting or terminal bud seedlings.

Using curative sprayings at an early stage after set planting, a
relatively high concentration { 250 ppm ) of oxycarboxin solution was
applied three times at one week intervals in the field in the spring.
In the highland area, these sprays followed by subsequent periodical
sprays of protective fungicides such as dithiocarbamates controlled
the disease almost completely for summer—flowering plants.

For autumn—flowering plants, however, a few additional sprays of
curative fungicides were necessary near the end or just after the
summer because the spraying system mentioned above was not always
effective enough until autumm. In the lowland area, only the early
curative sprayings gave complete control until autumn with no addi—
tional sprays of fungicides.

2. Emergency control during growth stage

The mode of control of several foliar applied fungicides was
investigated at their commereial concentrations. Oxcarboxin ( 100 p—
pm ) was excellent as a protective spray as well as a curative one.
Triforine (1, 4—bis—( 2, 2, 2—trichloro—1— formamidoethyl Jpipera—
zine ) and mepronyl { 3—isoproxy—2—methyv! benzoanilide ) showed
specific effects. The former ( 150 ppm ) was highly protective and
also curative but only in the early stage of infection. The latter
( 1,500 ppm ) was protective and never curative, but very inhibitive
against sporidial formation on the promycelia after the germination
of teliospores., Maneb ( manganese ethylenbis dithiocarbamate ) was
only protective at 1,500 ppm. Oxycarboxin and triforine were absorbed
into the tissues of leaves mainly from under the surface and trans—
located upwards. 1t was therefore suggested that both fungicides sh—
ould be applied towards the leaf undersurface and near the base of
leaves for curative sprayings.

In a severely diseased field at intermediate growth stage, oxy-—
carboxin and mixture of triforine and mepronyl showed excellent con—
trol. Sole application of triforine or mepronyl followed them.
Because of no curative effect, maneb was not effective enough even

with its continuous sprays but showed rather good control when
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sprayed subsequent to oxycarboxin.
3. Soil application of systemic fungicides

From the behaviour of MBC (methyl—2—benzimidazolecarbamate )
in chrysanthemum plants treated with benomyl (methyl! 1— ( buthyl—
carbamate J —2~benzimidazolecarbamate ) in root system, it was
indicated that soil—applied systemic fungicides immediately trans—
located to the leaves including the upper susceptible young ones.

In fact, some systemic fungicides such as oxycarboxin, triforine,
benomyl, and thiophanate methyl ( dimethyl 4, 4’~g~wphefnylenbis C 3—thio—
allophanatel) were all effective by soil application. Among these
chemicals, oxycarboxin was the most effective.

The efficiency of soil—applied fungicides was affected by the
kind of soil, with reduced disease control in black loam high in hu—
mus., When a certain dose of chemical was used, it had to be applied
widely in the root system for good control. ‘

In the field with common soil, a single soil application of oxy—
carboxin was effective as three foliar applications of the same che—
mical. The dose of the soil application, however, was five times

that of the foliar sprays.
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