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ABSTRACT

White rust caused by fungal pathogen Puccinia
horiana P. Henn. is one devastated disease that
could make significant economic loss in
chrysanthemum production. The study of effects
of varieties, cutting health and fungicide application
on chrysanthemum white rust was established.
The treatments were arranged in split-split plot
completely randomized design with three
replications. Three chrysanthemum varieties i.e.
cv. Puma White, Reagent Purple and Town Talk
served as main plot. Seedlings with 20 %
intensity of white rust infection and symptomless
functioned as sub plot, while fungicide application
on the transplanted cutting (no fungicide) and
dithiocarbamate (Antracol? 75 WP, 2 g LY
application served as sub-sub plot. Result showed
genetic background of the cultivars significantly
determined the degree of infection of white rust.
Reagent Purple exhibited least disease intensities.
Fungicide application was less effective in
controlling white rust development, yet gave
significant impact on the plant height and number
of leaves of chrysanthemum plants. Cuttings
selection based on the visual observation on the
presence or absence of white rust pustules
symptom did not gave significant differences on
the further development of the disease. The
symptomless cuttings were also infected with
this fungal disease after the cuttings were
planted under plastic house.

Keywords: chrysanthemum varieties; disease
development; fungicide (dithiocarba-
mate); growth quality; white rust
symptom

INTRODUCTION

White rust disease is known to be the most
common problem in chrysanthemum production
in the world. It is caused by the obligate parasitic

fungi Puccinia horiana P. Henn (Basidiomycetes).
In Indonesia, the introduction of the disease was
reported in 1990’s and it probably entered through
imported symptomless seedlings (Djatnika,
Kristina, & Sanjaya, 1994). Up to now, the
disease has widespread to the most of the
production centers in the world (Hanudin &
Marwoto, 2012; Gore, 2008; O'Keefe & Davis,
2012).

The economic lost due to white rust
damage in chrysanthemum has properly been
evaluated in several reports. Suhardi (2009)
observed the damages resulted in less selling
price and harvest postponement and might
reach 30 % of the total production values. While
in Turkey and Poland, the production lost due to
these pathogenic fungi grasped 80 % and 100 %
respectively, during the outbreak seasons
(Dordevic, 1988; Gore, 2008).

Efforts to increase the productivity of
chrysanthemum have been carried out to make
the production system become more efficient and
profitable, especially reducing the production lost
due to white rust incidences. Several practices
have been accomplished solely or in combinations
to reduce the damaging effect of white rust such
as the use of tolerant/resistant varieties, cultural
practices, i.e. infected leaves detachment and
water management, antagonist microbes and
pesticide applications (Zeng et al., 2013). The
severity of the damages, plant growth stages
and environmental conditions have also been
determined the success of specific cultural
treatments in reducing white rust. Due to the fast
and unpredictable spreading of the disease,
most recommended treatments have been
dedicated to be preventive actions such as during
land preparation, on seedling stages or before
the emergence of the visual symptoms (Whipps,
1993; Sheroze, Rashid, Shakir, & Khan, 2003;
Budiarto, Sulyo, Nugroho, & Maaswinkel, 2007;
Yusuf et al., 2012).
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Plant resistance is an important component
on disease control but information on resistance
of chrysanthemum varieties to white rust is very
lack. Djatnika, Kristina, & Sanjaya (1994) reported
that cv. Phuma White, cv.Tiger, cv. Yellow West
and cv. Rhino were highly resistant, while Phuma
Suny was vulnerable. According to Suhardi
(2009) cv. Phuma White was tolerant and more
resistant than cv Reagent Purple and Town
Talk. Some farmers use their chrysanthemum
seeds or bought from other farmers to suppress
production cost of chrysanthemum. The seeds
produced by farmers have been infected by rust
diseases (28.5 %). Using healthy seeds is a
strategic step to reduce inoculum source of white
rust on chrysanthemum.

The use of synthetic chemicals dithio-
carbamate (DTCs) have been considered to be
the most practical and widely applied to control
white rust in many commercial nurseries in west
Java Indonesia. Considering the close relation
of initial inoculum on further development of the
disease and the possible action of these wide
spectrum fungicides to control white rust in
chrysanthemum, the experiment was then
conducted to find out the effects of fungicide
application and white rust symptoms at seedling
stages on plant growth and development of
white rust during greenhouse forcing of several
chrysanthemum cultivars.

MATERIALS AND METHODS

The experiment was conducted in plastic
house conditions at The Indonesian Ornamental
Crops Research Institute (IOCRI), at Pacet,
Cianjur West Java, Indonesia (latitude 6°
455393 'S, longitude 107° 3.2193"' E, 1100 m
asl). The treatments were arranged using split-
split plot design with three replications. Three
chrysanthemum varieties i.e. cv. Puma White,
Reagent Purple and Town Talk served as main
plot. Seedlings in the form of rooted cutting with
20 % intensity of white rust infection and no visual
symptom (symptomless) functioned as sub plot,
while fungicide application on the transplanted
cutting (no fungicide and dithiocarbamate
(Antracol® 75 WP, 2 g L) application served as
sub-sub plot.

Planting Material and Experimental Site
Preparations

Rooted cuttings of the varietal treatment
were used for the planting material. The apical

cuttings of the respective varieties were collected
from the mother stock plants which were
maintained under standard cultural practices. The
cuttings were selected for uniformity (vegetative
apical flush + 2 fully expanded leaves). The
stem base of cuttings was then quick dipped on
Rooton F paste (root promoter). The cuttings were
stored under ambient temperature for 2-3
minutes to let the paste a little bit dried. The
cuttings were then planted in carbonized rice
husk as a rooting media and maintained under
long day conditions for 18 days. During the
rooting process, the water supply was also given
every 2 days by spraying.

Coincident with the rooting process, the
land for the experimental sites was also prepared.
The soil was being crumbled using hoe and the
planting bed in the size of 100 cm in width, 150
cm in length and 20 cm in height was constructed.
The distance between planting bed was 60 cm
and each planting bed represented one treatment
combination. During these soil tillage, 4.6 kg
horse manure, 2 kg bamboo husk, 234.4 g NPK
(15:15:15) per planting bed were also added and
mixed with the soil. Supplemental light for long
day conditions was provided by incandescent
lamps with the intensity of 70 luxs. These was
achieved by arranging the lamps 1.5 m high
from the planting bed and 2 m between the lamp
points.

Treatment Arrangement

The treatments were arranged using split-
split plot design with three replications. Three
chrysanthemum varieties i.e. cv. Puma White,
Reagent Purple and Town Talk served as main
plot. Seedlings in the form of rooted cutting with
20 % intensity of white rust infection and no visual
symptom (symptomless) functioned as sub plot,
while fungicide application on the transplanted
cutting (no fungicide and dithiocarbamate
(Antracol® 75 WP, 2 g L) application served as
sub-sub plot.

The rooted cuttings of the three varieties
were selected based on the visual appearance
of white rust symptoms. Symptomless seedlings
were characterized by the absent of rust pustule
in the leaf or stem. The infected seedlings, on the
other hands, were recognized by the existence
at least one pustule on the leaf or stem per
cutting. The symptomless and rust infected
cuttings were then separately planted on the
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experimental sites based on the constructed
design.

The fungicide treatments were applied
using knapsack sprayer with the approximate
volume of 30 ml fungicide solution per plant. The
frequency of fungicide application was every 7
days until 2 weeks before the flower’s harvest,
while the plants under no fungicide treatment
were sprayed with sterile water in the same
volume, time and frequency with those under
fungicide treatments.

Planting and Cultural Practices

One hour before planting, for about 10-
liter water per planting bed was gently poured to
facilitate sufficient soil humidity for the planted
cuttings. After the rooting process, the rooted
cuttings were selected based on the treatment
being applied and then planted in the sites with
the density of 96 plants per planting bed. Same
amount of water was given to reduce the stress
and hinder the early death of the newly planted
cuttings. The water supply was then provided
by gently water pouring every day during the first
7 days after planting. After that, irrigation through
drip system facilitated the water supply every 3
days or when necessary until the harvest period.

Long day conditions were provided with
supplemental lightning for 4 h every night from
10 pm to 2 am until 30 days after planting.
Supplemental fertilizers were applied through
foliar spraying once a week and side dressing of
30 g NPK (15:15:15) per planting bed every 2
weeks. Bactericide and insecticide were also
employed to the whole plants for preventive
purposes or only when the symptom was
appeared.

Parameter Observations
Plant height and number of leaves per plant
sample was measured at the harvest period.
The intensity of white rust infection was recorded
every week on 12 random plant samples per
treatment combination. The severities of the
attacks were categorized based on the following
disease index (GDAI, 2013):
- 0=no visual symptom
- 1=1-3 rust pustules per leaf and located only
in the adaxial leaf surface
- 2=more than 5 pustules per leaf, located
only in the older leaves near the stem
base, or on the whole plant leaves with
the number of 1-3 pustules per leaf.

- 3=the infection reached middle plant leaves,
generally more than 5 pustules per leaf.

- 4 =the infection reached upper plant leaves,
generally more than 5 pustules per leaf.

- 5=the infection covered the whole plant part
including primordial flower leaves, the
death tissue and dried leaves as
indication of further infection stages might
be found.

The disease intensity in each treatment
combination was calculated using the following
formula (GDAI, 2013):

Z(vxn)
P=—— x100%
(Nx2)

where,

- P = percentage of the rust infection

- v = disease index of the observed intensity

- n= number of plants categorized on the
respective index

- Z = disease index of the highest infection
intensity

- N = number of plant samples (12 plants)

The increase of disease intensity in line
with the time of observations on the three varieties
can be depicted on linear mode as:

Y =a+bX
Where:
Y = Dependent Variable
X = Independent Variable
a = constant
b = coefficient regression

RESULTS AND DISCUSSION

The Development of the White Rust Disease

The development of the rust disease under
the plastic house was dynamic throughout the
experiment. In general, the rust disease incidence
increased since 15 days after planting and
reached the highest at 49-63 days after planting
(Figure 1). The intensity sharply decreased up to
77 days after planting and hit the lowest point at
the harvest period (8 %).

The temporary increase of the disease
intensity in first two months indicated that the
infected seedlings might become the source of
inoculum when planted in field. The rust fungi
from the previous infected seedling were triggered
to sporulate and produce viable spore, thus made
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new infections. This condition was presumably
bolstered by the high humidity supplied by the
water irrigation during the early stage of planting.
The high water supply through drip irrigation
after planting was actually dedicated to reduce
the death rate of newly planted cuttings because
of transplanting stress. On the other hands,
however, these led a conducive circumstance
for rust spore development and spreading
(Rahardjo & Suhardi, 2008).

The highest disease intensity was observed
at 49 to 63 days after planting, in which for about
18 % of the plant populations were infected.
These condition, however, was still categorized
as moderately low according to Yusuf et al.
(2012). These implied the carried inoculum in
the infected seedling was the main factor of the
successful infection, as also stated by Rademaker
& Jong (1987) that the plant performance/
characteristic and physical environment also
played important roles in the process of sporulation,
spreading of viable spores, germination of spore
and further development of the germinated
spore in the healthy tissue. Since rust infections
had been found in the seedling stages and used
as a basis for the symptom treatment, the rust
pathogen might be classified as a virulent type.

20

15 -

10 -

Disease intensity (%)

These facts also indicated that all of chrysan-
themum varieties used in this study were not
categorized as resistant cultivars to this rust
pathotype.

During the experiment, the maximum
temperature inside the plastic was recorded at
32 9C while minimum at 17 °C and average of
52.7 % humidity especially after 63 days of
planting. This unsuitable humidity seemed to be
the key factor on the unsuccessful development
of white rust during these stages. According to
Ortega (1999), Sangeetha & Siddaramaiah (2007)
and Barhate, Musmade, & Bahirat (2015), the
minimum humidity of 65-90 % was required for
the germination of teliospore, though these spores
could withstand for more than 7 weeks when
exposed to 50 % moisture. While basidiospores
according to Gullino & Garibaldi (2007) were
more fragile and would die in an hour if the
environmental wetness dropped below 90 % or
even less than 10 minutes if surrounded with 80
% humidity (Hanudin & Marwoto, 2012). These
sub-optimal environment conditions were then,
predicted preventing the maximum potential of
the spore to release and germinate and contribute
to the failure of widespread of the disease.

15 22 28 35 42 49 56 63 70 77 8 92 97
Plant age (days after planting)

Figure 1. Development of white rust disease intensity on chrysanthemum plants grown under plastic

house conditions
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Figure 2. White rust disease intensity of chrysanthemum plants from different cutting sources under

plastic house condition

Effect of Rust Symptom at Seedling Stage,
Fungicide Application on the Development of
the Disease on Three Chrysanthemum Varieties
under Plastic House Conditions

Analysis of variance revealed that initial rust
symptom at seedling stage, fungicide application
and chrysanthemum varieties had significant
impact on the development of the rust disease
after the seedlings were planted under plastic
house conditions. Among the three treatments,
however, no interaction among others was
detected in all parameters observed.

Effect of Rust Symptom on Seedling Stage
Rust infection as characterized by the
appearance of pustules on the leaves had been
detected in chrysanthemum plants grown under
plastic house from both treatment i.e. symptomless
and rust-infected cuttings. The intensity was
increase from the planting day up to 35-42 days
and reached the peak at 49-56 days after planting
(Figure 2). In general, no significant differences
on the disease intensity between the chrysan-
themum plants derived from symptomless and
infected cuttings. The variation existed only in the
first 15 days in which plants from the infected
cuttings affected more severely than those from
the symptomless cuttings. As predicted earlier, a
conducive environment (high humidity due to the
high water supply in the early planting stage)
would trigger further disease development and
spreading in the chrysanthemum plants under

plastic house when a virulent white rust inoculum
was exited (Sugimura & Okayama, 2000).

The lower disease intensity at the chry-
santhemum plants derived from symptomless
cuttings than those from infected cuttings in the
first 15 days indicated the different level of rust
infections. These different levels might designate
to different stage in life cycles of the pathogenic
fungi on the cuttings when they were planted on
the plastic house. There was also possibility that
the symptomless cuttings were already infected
during the rooting process. The infection began
with the germination of the spore in leaf surface
and the mycelia penetrated into leaf surface
through the natural cavity, like stomata. The
successful infection was characterized by the
appearance of pustule which spent 7-15 days’
incubation period depending on the environmental
conditions (Wang, Liu, & Dai, 2006). All the
stages before the appearance of pustule were
difficult to be seen by naked eyes (Zhu et al.
2010) thus, the visual determination on the
absent of pustule in the leaf or stem would not
directly indicate the cuttings were free from rust
pathogen.

Effect of Fungicide Application

The rust infection under both fungicide
treatments was not so divergent during plastic
house forcing. The rust infection of fungicide-
treated plants was found lower only on the early
planting period and though the cumulative disease



26

Evi Silvia Yusuf et al.: Effects of Varieties, Cutting Health and Fungicide Application on Chrysanthemum..................

intensity increased up to 49 days, the differences
were not significant until the harvesting period
(Table 1). These insignificant differences on the
disease intensity after 15 days of planting were
predictably due to a defined factor that contributed
to the failure of further rust pathogen develop-
ment, since the average of rust incidence during
the plant life cycle was considered low according
to Yusuf et al. (2012).

Several complex mechanisms might
involve and affect the effectiveness of fungicide
action and development of rust pathogen. The
environmental condition had predictably affected
not only by providing adverse circumstances for
disease manifestation, but influenced the fungicide
mode of action as well. Dithiocarbamate was
known to be a systemic fungicide and acted by
preventing the plant surface (leaf and stem) from
the infection (Malik & Faubel, 1999). The
mechanism was through multi-site contacts to the
spore in which the active compound was toxic
and prevented the germination of the spore. The
action of the compound, however, was depended
on the moisture condition of the preventive site.
The compound would be active when the sites
were in wet condition (Dutky, 2004). These
inferred that high humidity due to water supply
during the early period of newly planted cutting
(15 days after planting) also supported the fungi-
cide mode of action. The significant suppression

of rust infection was clearly shown in these period,
though these condition was also favorable to
rust development (Table 1). After 15 days, the
water was supplied using drip system, wetted only
the soil root area and least contacted/splashed
to newly emerging leaves. In the low relative
humidity, the effect of moisturized condition of the
irrigation and fungicide spraying was temporary
shorted especially in plant canopy, thus limited
the effectiveness of the fungicide action.

Based on the mode of action, dithio-
carbamate-based fungicide was recommended
for preventive and less powerful for curative
actions (Dutky, 2004), as also reported in several
growers in Indonesia (Suhardi, 2009). These
indicated that the dithiocarbamate action was
effective only before the spore germination stages
and less effective on the subsequent develop-
mental stages after germination. Since not all rust
developmental stages could be seen visually
(especially during the incubation period), the
existence of these invisible rust stages either
could not be observed even on the symptomless
cutting with naked eyes. These inferred that the
appearance of rust pustules on the plants from
the symptomless cuttings was resulted from the
ineffective fungicide to prevent further rust
development from the invisible inoculum during
rooting.

Table 1. White rust disease intensity of chrysanthemum plants at different fungicide applications under

plastic house condition.

Fungicide Percentage of rust disease intensity after... days after planting (%)
application 15 22 28 35 42 49 56 63 70 77 84 92
With 9.63 12.25 15.08 16.19 16.21 17.68 17.45 1747 1458 1191 11.73 6.82
fungicide a a a a a a a a a a a
- 14.89 1476 16.33 16.81 16.87 18.59 18.66 18.58 15.14 1256 11.64 7.21
No fungicide
b a b a a a a a a a a

Remarks: » Values in the same column followed by the same letter were not significantly different under Duncan

Multiple Range Test (DMRT) 5 %

Table 2. White rust disease intensity on three chrysanthemum cultivar under plastic house condition

Chrysanthemum Percentage of rust disease intensity after... days after planting (%)
Varieties 15 22 28 35 42 49 56 63 70 77 84 92
6.11 7.73 10.26 11.05 11.11 11.65 9.47 9.14 8.45 5.95 5.64 3.13
Reagent Purple
a a a a a a a a a a a a
Puma White 13.02 14.32 1593 16.71 16.65 17.32 15.48 1757 16.71 1353 13.21 7.63
b b b b b b b b b b b b
18.12 18.45 20.11 2095 21.02 2257 20.31 21.29 19.28 17.11 16.81 10.44
Town Talk
c c c c c c c c c c c c

Remarks: » Values in the same column followed by the same letter were not significantly different under Duncan

Multiple Range Test (DMRT) 5 %
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Table 3. Plant height and number of leaves of chrysanthemum under plastic house conditions based on
varieties, rust symptom at seedling stage and fungicide treatments

Plant growth parameters”

Treatments Plant height™ (cm) Number of leaves™
Chrysanthemum cultivar
Puma White 109.01 a 57.80 a
Town Talk 129.19 b 59.76 b
Reagent Purple 134.88 ¢ 74.01 ¢
Rust symptom at seedling stage
Symptomless 125.74 a 64.41 a
Rust infected cuttings 122.98 a 63.31 a
Fungicide application
No fungicide 121.18 a 62.01 a
With fungicide 127.42 b 65.71 b

Remarks: " Plant growth parameters were observed on the harvest period (92 days after planting); ™ Values on the
same parameter column and under the same treatment category followed by the same letter were not
significantly different under Duncan Multiple Range Test (DMRT) 5 %

White Rust Infections among the Chrysan-
themum Varieties

White rust development as reflected by the
rust intensity was varied among the chrysan-
themum cultivars tested. Chrysanthemum plants
cv. Town Talk exhibited the most susceptible
viewed from the highest intensity of white rust
infection from the early planting until the harvest
period, while cv. Puma White showed better
characteristic which showed less infection than
Town Talk (Table 2). Among the previously stated
cultivars, cv. Reagent Purple showed the best
performance in terms of the rust infection under
plastic house condition.

The different white rust intensities among
the chrysanthemum cultivars reflected the different
degree of tolerances from each cultivar to the
pathogenic rust incidence. These characteristic
was indigenously exhibited depending on the
genetic construction of the genotypes and their
interaction with the specific environment where
the cultivars were planted (Francl, 2001). Previous
study by Suhardi (2009) on these three cultivars
in relation to white rust was also in line with the
findings, where cv. Reagent Purple and Puma
White were more tolerant to this white rust
pathotype than Town Talk.

Effect of Rust Symptom at Seedling Stage,
Fungicide Application on the Growth of Three
Chrysanthemum Varieties under Plastic House
Conditions

Analysis of variance revealed that the
growth performance of chrysanthemum plants was
influenced by fungicide application and cultivars.
On the other hands, rust symptom at seedling
stage gave insignificant effects on the chrysan-
themum growth under plastic house condition.
No interaction was detected among the treat-
ments being applied on the plant height and
number of leaves of chrysanthemum plant as far
as these concerns.

The different genetic constructions among
the chrysanthemum cultivars were not reflected
only on the tolerant/resistant characteristic to a
certain pest and disease. The complex interaction
of these genotypes to a specific environment
also exhibited in the capability of the cultivar to
take maximum advantages of a defined
circumstance and establish their potential growth
rates and performances. Higher values of plant
height and number of leaves of cv. Reagent
Purple than Town Talk and Puma White reflected
the capability of this genotype to establish greater
growth rates (Table 3). The growth involved the
new formations of plant organs such as nodes,
internodes and leaves.
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Figure 3. Development white rust disease intensity on three chrysanthemum cultivars

Final plant height and number of leaves of
chrysanthemum were not affected by the sources
of cuttings i.e. cuttings with rust symptom and
symptomless cuttings (Table 3). After these two
kinds of cuttings were planted under plastic
house conditions, the plants were attacked by the
rust pathogen in the same degree of intensity
until harvest period (Figure 2), thus impacted on
the plant growth performance.

Fungicide application, on the other hands,
gave significant impact on the plant height and
number of leaves of chrysanthemum plants
under plastic house conditions. These conditions
were predicted to have relation with the mode of
action of dithiocarbamate as the active ingredient
of the fungicide used in this experiment. Though
the application of dithiocarbamate was mainly
dedicated to counteract the rust infection, this
fungicide was known to control wide pathogen
ranges including P. horiana (Yang, Hamel,
Vujanovic, & Gan, 2011; Palmer, Nester, Revell,
& Bonde, 2015). Fungicide application then,
prevented the attack of other potential fungal
pathogens hosted in chrysanthemum that might
reduce the growth quality of plants. In contrary,
several fungal pathogens were found attacking
the non-fungicide chrysanthemum plants in
which not all of them could be reported in this
paper.

Resistance characteristic of a plant to
certain disease was determined by the interaction
between the genetic structures of the plant host

and the pathogen (Wojdyla, 2004). In general,
white rust intensity on Reagent Purple was lower
than those attacked on Puma White and Town
Talk. The increase of disease intensity in line with
the time of observations on the three varieties
can be depicted on linear model as y = 1.1037x +
5.7887 (R? = 0.8637, P=0.69) for Reagent Purple;
y = 0.828x + 12.892 (R? = 0.8384, P=0.69) for
Puma White and y = 0.9263x + 17.231 (R? =
0.7693, P=0.69) for Town Talk (Figure 3). These
involved coordinated expression of a multitude of
virulence factors and genes of both plant and
pathogen that would contribute of the compatibility
of host plant and pathogen interrelation, estab-
lishment of pathogen colonization and severity
degree of infection (Killiny & Almeida, 2011).
These inferred that the resistance characteristic
of a genotype might be expressed in different
degrees to different pathogens or pathotypes.
Chrysanthemum cv. Puma White had shown
less rust infection (Table 2), Chrysanthemum cv.
Reagent Purple, on the other hands, exhibited
more stable performances which showed the
least infection to both pathogenic fungal
diseases.

CONCLUSION

The study of the effects of white rust
symptom at seedling stage and fungicide
application on three chrysanthemum cultivars
revealed the absent of interaction among
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pertinent factors on further development of the
rust disease under plastic house conditions, and
plant growth on three chrysanthemum cultivars.
The three chrysanthemum cultivars have showed
different growth performances and resistance
capacities to white rust in which cv. Reagent
Purple exhibited least disease intensities
compared to Town Talk and Puma White. The
chrysanthemum plants derived from rust-
symptomless cuttings were infected during plastic
house forcing thus, indicating the absent of rust
symptom (pustule) based on visual observation
has not satisfactorily determined the cuttings
were free from rust inoculum.

REFERENCES

Barhate, B. G., Musmade, N. A., & Bahirat, J. B.
(2015). Management of chrysanthemum
white rust an intercepted quarantine
disease for India, under green house
condition. International Journal of Plant
Protection, 8(1), 134-137. http://doi.org/
10.15740/HAS/1JPP/8.1/134-137

Budiarto, K., Sulyo, Y., Nugroho, E. D. S., &
Maaswinkel, R. H. M. (2007). Effects of
irrigation frequency and leaf detachment
on chrysanthemum grown in two types of
plastic house. Indonesian Journal of
Agricultural Science, 8(1), 39-42. Retrieved
from http://ejurnal.litbang.pertanian.go.id
/index.phpl/ijas/article/view/626

Djatnika, 1., Kristina, D., & Sanjaya, L. (1994).
Ketahanan beberapa kultivar krisan
terhadap penyakit karat [Resistance of
chrysanthemum cultivars to rust disease].
Buletin Penelitian Tanaman Hias, 2(2),
19-25. Retrieved from http://balithi.
litbang.pertanian.go.id/publikasi-detail-
17-ketahanan-beberapa-kultivar-krisan-
terhadap-penyakit-karat.html

Dordevic, L. (1988). Contribution to the study of
the chrysanthemum white rust. Zastita
Bilja, 39(3), 335-350. Retrieved from
https://eurekamag.com/research/007/15
8/007158315.php

Dutky, E. M. (2004). Fungicides and other plant
disease  management approaches.
Retrieved  from  http://www.colonial
districtroses.org/id43.html

Francl, L. J. (2001). The disease triangle: A plant
pathological paradigm revisited. http://doi.
0rg/10.1094/PHI-T-2001-0517-01

GDAI. (2013). Metode standar pengujian efikasi
fungisida [Standard Test Method of
Fungicides efficacy]. Jakarta, ID: General
Directorate of Agricultural Infrastructure,
Ministry of Agriculture.

Gore, M. E. (2008). White rust outbreaks on
chrysanthemum caused by Puccinia
horiana in Turkey. Plant Pathology,
57(4), 786. http://doi.org/10.1111/j.1365-
3059.2007.01796.x

Gullino, M. L., & Garibaldi, A. (2007). Critical
aspects in management of fungal diseases
of ornamental plants and directions in
research. Phytopathologia Mediterranea,
46, 135-149. Retrieved from http://
www.fupress.net/index.php/pm/article/vi
ew/2150

Hanudin, & Marwoto, B. (2012). Penyakit karat putih
pada krisan dan upaya pengendaliannya
[White rust disease on chrysanthemum
and its control techniques]. Jurnal Litbang
Pertanian, 31(2), 51-57. Retrieved from
http://pustaka.litbang.pertanian.go.id/pu
blikasi/p3312122.pdf

Killiny, N., & Almeida, R. P. P. (2011). Gene
regulation mediates host specificity of a
bacterial  pathogen. Environmental
Microbiology Reports, 3(6), 791-797.
http://doi.org/10.1111/j.1758-2229.2011.
00288.x

Malik, A. K., & Faubel, W. (1999). Methods of
analysis of dithiocarbamate pesticides:
A review. Pesticide Science, 55(10),
965-970.  http://doi.org/10.1002/(SICI)
1096-9063(199910)55:10<965::AID-
PS59>3.0.CO;2-7

O'Keefe, G., & Davis, D. D. (2012). First confirmed
report that Puccinia horiana, causal
agent of chrysanthemum white rust, can
overwinter in  Pennsylvania. APS
Journals, 96(9), 1381. http://doi.org/10.
1094/PDIS-04-12-0400-PDN

Ortega, L. (1999). Prevention and eradication of
white rust (Puccinia horiana) in Colombia.
Acta Horticulturae, 482, 187-196. http://
doi.org/10.17660/ActaHortic.1999.482.2
8

Palmer, C. L., Nester, S. E., Revell, J. M., & Bonde,
M. R. (2015). Fungicide impact on in vitro
germination of basidiospores of Puccinia
horiana, the causal agent of chrysan-
themum white rust. Plant Health Progress,
16(2), 73-76. Retrieved from http://


http://balithi.litbang.pertanian.go.id/publikasi-detail-17-ketahanan-beberapa-kultivar-krisan-terhadap-penyakit-karat.html
http://balithi.litbang.pertanian.go.id/publikasi-detail-17-ketahanan-beberapa-kultivar-krisan-terhadap-penyakit-karat.html
http://balithi.litbang.pertanian.go.id/publikasi-detail-17-ketahanan-beberapa-kultivar-krisan-terhadap-penyakit-karat.html
http://balithi.litbang.pertanian.go.id/publikasi-detail-17-ketahanan-beberapa-kultivar-krisan-terhadap-penyakit-karat.html
https://eurekamag.com/research/007/158/007158315.php
https://eurekamag.com/research/007/158/007158315.php
http://www.colonialdistrictroses.org/id43.html
http://www.colonialdistrictroses.org/id43.html
http://doi.org/10.1094/PHI-T-2001-0517-01
http://doi.org/10.1094/PHI-T-2001-0517-01
http://pustaka.litbang.pertanian.go.id/publikasi/p3312122.pdf
http://pustaka.litbang.pertanian.go.id/publikasi/p3312122.pdf
http://doi.org/10.1111/j.1758-2229.2011
http://doi.org/10
http://doi.org/10.17660/ActaHortic.1999.482.28
http://doi.org/10.17660/ActaHortic.1999.482.28
http://doi.org/10.17660/ActaHortic.1999.482.28
http://doi.org/10.1094/PHP-RS-14-0032

30

Evi Silvia Yusuf et al.: Effects of Varieties, Cutting Health and Fungicide Application on Chrysanthemum..................

www.apshet.org/meetings/Documents/2
014 _meeting_abstracts/aps2014abO54.
htm

Rademaker, W., & Jong, J. (1987). Types of
resistance to Puccinia horiana in
chrysanthemum. Acta Horticulturae,
197, 85-88. http://doi.org/10.17660/Acta
Hortic.1987.197.9

Rahardjo, I. B., & Suhardi. (2008). Insidensi dan
intensitas serangan penyakit karat putih
pada beberapa klon krisan [Incidence
and intensity of white rust disease on
several chrysanthemum clones]. Jurnal
Hortikultura, 18(3), 312-318. Retrieved
from http://ejurnal.litbang.pertanian.go.id
/index.php/jhort/article/view/861

Sangeetha, C. G., & Siddaramaiah, A. L. (2007).
Epidemiological studies of white rust,
downy mildew and Alternaria blight of
Indian mustard (Brassica juncea (Linn.)
Czern. and Coss.). African Journal of
Agricultural Research, 2(7), 305-308.
Retrieved from http://www.academic
journals.org/article/article1380788052_S
angeetha and Siddaramaiah.pdf

Sheroze, A., Rashid, A., Shakir, A. S., & Khan,
S. M. (2003). Effect of bio-control agents
on leaf rust of wheat and influence of
different temperature and humidity levels
on their colony growth. International
Journal of Agriculture & Biology, 5(1),
83-85. Retrieved from https://www.
fspublishers.org/published_papers/2048
4 ..pdf

Sugimura, T., & Okayama, K. (2000). Relationship
among disease development of chrysan-
themum white rust, temperature and rain
fall. Bulletin of the Nara Agricultural
Experiment Station, 31, 44-45. Retrieved
from https://eurekamag.com/research/
003/544/003544766.php

Suhardi. (2009). Sumber inokulum, respons
varietas, dan efektivitas fungisida
terhadap penyakit karat putih pada
tanaman krisan [Inoculum source, variety
response, and fungicide efficacy to rust
disease of chrysanthemum]. Jurnal
Hortikultura, 19(2), 207-213. Retrieved

from http://ejurnal.litbang.pertanian.go.
id/index.php/jhort/article/view/804

Wang, S. L., Liu, H. X, & Dai, S. L. (2006). A study
on the germination of the teliospores of
Puccinia horiana. Forest Research, 19(3),
391-394. Retrieved from https://eureka
mag.com/research/011/711/011711738.
php

Whipps, J. M. (1993). A review of white rust
(Puccinia horiana Henn.) disease on
chrysanthemum and the potential for its
biological-control with Verticillium lecanii
(Zimm.) Viegas. Annals of Applied
Biology, 122(1), 173-187. http://doi.org/
10.1111/j.1744-7348.1993.th04025.x

Wojdyla, A. T. (2004). Development of Puccinia
horiana on chrysanthemum leaves in
relation to chemical compounds and
time of their application. Journal of Plant
Protection Research, 44(2), 91-102.
Retrieved from http://www.plant protect
tion.pl/PDF/44(2)/JPPR%2044%20(2)_3
.pdf

Yang, C., Hamel, C., Vujanovic, V., & Gan, Y.
(2011). Fungicide: Modes of action and
possible impact on nontarget micro-
organisms. ISRN Ecology, 2011, 1-8.
http://doi.org/10.5402/2011/130289

Yusuf, E. S., Nuryani, W., Djatnika, I., Hanudin,
Suhardi, & Winarto, B. (2012). Potensi
beberapa fungisida nabati dalam
mengendalikan karat putih (Puccinia
horiana Henn.) dan perbaikan mutu
krisan [Potency of several biofungicides
on controlling of white rust disease and
improvement of chrysanthemum quality].
Jurnal Hortikultura, 22(4), 385-391.
Retrieved from http://ejurnal.litbang.
pertanian.go.id/index.php/jhort/article/vie
w/699

Zeng, J., Sun, J., Xu, Y., Chen, F., Jiang, J., Fang,
W., & Chen, S. (2013). Variation for
resistance to white rust (Puccinia horiana)
among Ajania and Chrysanthemum
species. HortScience, 48(10), 1231-1234.
Retrieved from http://hortsci.ashs
publications.org/content/48/10/1231.abst
ract


http://doi.org/10.17660/ActaHortic.1987.197.9
http://doi.org/10.17660/ActaHortic.1987.197.9
https://www/
http://ejurnal.litbang.pertanian.go.id/index.php/jhort/article/view/699
http://ejurnal.litbang.pertanian.go.id/index.php/jhort/article/view/699
http://ejurnal.litbang.pertanian.go.id/index.php/jhort/article/view/699
http://hortsci.ashspublications.org/content/48/10/1231.abstract
http://hortsci.ashspublications.org/content/48/10/1231.abstract
http://hortsci.ashspublications.org/content/48/10/1231.abstract

