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Summary
The C24 petroleum spray oil, Ampol D-
C-Tron Plus, was evaluated for control of
powdery mildew and black spot on roses
at three commercial cutflower and nurs-
ery facilities around Sydney. Prophylac-
tic and therapeutic control of powdery
mildew using petroleum spray oil (PSO)
was evaluated under greenhouse condi-
tions on rose cultivars Bridal Pink and
Sonia while prophylactic control of
black spot was assessed in an outdoor
nursery on cultivars Friendship and
Tournament of Rose. PSO concentra-
tions of 0.5% and 1.0% (v/v) were evalu-
ated for both diseases, and combinations
of 0.5% and 1.0% oil with 0.063 M
NaHCO3 were also evaluated for black
spot. Spray intervals of 7, 14 and 21 d
were examined to determine which gave
the best control of powdery mildew.
Good levels of prophylactic and thera-
peutic control of powdery mildew were
achieved with 0.5% and 1.0% PSO. Simi-
lar levels of control were achieved with
sprays applied at 7 and 14 d intervals but
intervals of 21 d allowed some redevel-
opment of disease. Incidence of black
spot were lower using 1.0% PSO and the
addition of NaHCO3 had no practical
benefit for black spot control over 1.0%
oil alone. However, the addition of
NaHCO3 improved the efficacy of 0.5%
PSO. Results suggest that PSO provide
sustainable and cost-effective control of
powdery mildew and black spot.

Introduction
Rose powdery mildew (Sphaerotheca
pannosa var. rosae (Wallr. et Fr.) Lev.) is the
most serious disease faced by cut rose pro-
ducers worldwide. Control under com-
mercial greenhouse conditions may re-
quire more than 20 fungicidal sprays per
year (Gullino and Garibaldi 1996). Ergos-
terol biosynthesis inhibiting (EBI) fungi-
cides are usually used for control (Pasini
et al. 1997). Rose black spot (Diplocarpon
rosae Wolf.) is only a minor problem on

greenhouse roses where overhead irriga-
tion is not used and humidity is carefully
regulated. On roses grown outdoors,
however, it is usually present, frequently
epidemic, and a major problem (Horst
1983). The synthetic fungicide, chloro-
thalonil gives good control (Hagan et al.
1988) and while weekly applications of
EBI fungicides such as myclobutanil and
flusilazole are also used they are less ef-
fective than chlorothalonil (Hagan et al.
1991, Gullino and Garibaldi 1996).

Application of these synthetic fungi-
cides may be costly (Horst et al. 1992), can
induce phytotoxicity (Schulman 1996,
Pasini et al. 1997), may be unsustainable
due to the development of resistance
(Pasini et al. 1997) and ecologically detri-
mental (Conway and Pretty 1991). For
these reasons, many alternative control
methods have been tested including film-
forming antitranspirants, fungal antago-
nists, insects, salts, wine vinegar, plant ex-
tracts and spray oils (Hagiladi and Ziv
1986, Belanger and Labbe 1994, Coyier
1983, Pasini et al. 1997, Horst et al. 1992).
The advantages of petroleum spray oils
(PSOs; also called white, superior, horti-
cultural oils etc.) over most other alterna-
tives are that they are already commer-
cially available; can be easily incorporated
into integrated pest and disease manage-
ment (IPDM) strategies; can provide cost
effective, simultaneous control of a whole-
range of pests and diseases; have a low
risk of phytotoxicity; and, very low envi-
ronmental impact (Davidson et al. 1991,
Grossman 1990, Johnson 1994, Rae et al.
1996a,b, 1997, Nicetic et al. 1997). Horst et
al. (1992) found that the C21 PSO Sun-
spray Ultrafine combined with NaHCO3

gave good control of both diseases.
The aim of this study was to test the ef-

ficacy of the narrow-range C24 PSO,
Ampol D-C-Tron Plus, against powdery
mildew and black spot on commercially-
grown roses. Experiments on powdery
mildew control were conducted in
greenhouse conditions to determine the

optimal concentration of oil (0.5 or 1.0%)
and interval between sprays (7, 14 or 21
d). Experiments on black spot control
were conducted outdoors and aimed to
determine the optimum concentration of
oil (0.5 or 1.0%) and potential benefits of
using NaHCO3 to improve the efficacy of
oils.

Materials and methods
Experimental sites
Four experiments were conducted during
1995 and 1996 at three sites on the out-
skirts of Sydney, New South Wales
(Floraco Ltd. at Leppington, the property
of Steven Pellizer at Glenorie and Swane’s
Nursery at Dural). Two experiments were
conducted under greenhouse conditions
(Experiment 1 at Leppington and Experi-
ment 2 at Glenorie) with the aim of evalu-
ating the effectiveness of PSO against
powdery mildew. Experiments 3 and 4
were conducted outdoors on potted roses
at Dural focusing on the effectiveness of
PSO against black spot. All sites were
large commercial operations involved in
the cutflower or nursery industries for
whom roses were a major contributor to
farmgate income.

The greenhouse used at Leppington
had an area of 5000 m2 and was con-
structed of glass. The cultivar Bridal Pink
grown in 32 m long × 1 m wide beds sepa-
rated by 60 cm wide corridors were used
for the evaluations. Planting was at a den-
sity of eight plants m-2 and ground level
microspray irrigation was used. The
plants were six years old and at least 2.3 m
tall during the experiment. At Glenorie
the greenhouse was 1200 m2 in area with
sides constructed of fibreglass and the
roof of polygel. The cultivar Sonia grown
in 32 m long × 0.7 m wide beds separated
by 60 cm wide corridors was used. The
planting density was 9.5 plants m-2 and
ground level microspray irrigation was
used. The beds were established in 1987.

At Dural, the cultivars Friendship and
Tournament of Rose were used for Experi-
ments 3 and 4 respectively. Plants were
grown in individual 20 cm pots. Watering
was by overhead sprinklers in the morn-
ing and afternoon.

PSO characteristics
The PSO used in all experiments was
Ampol D-C-Tron Plus (Australian Petro-
leum Pty. Ltd.). This is a narrow-range oil
containing UV filters that minimize the
risk of UV-induced phytotoxicity. Its
specifications are given in Rae et al.
(1996a).

Powdery mildew experiments
Experiment 1. The aim of this experiment
was to assess the effectiveness of PSO to
control existing powdery mildew on
plants. The experiment consisted of seven
treatments arranged in a randomized
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block design. Each block comprised eight
parallel beds divided into seven plots of
equal area. Treatments were 0.5% D-C-
Tron Plus applied every 7, 14 or 21 d; 1.0%
D-C-Tron Plus applied every 14 or 21 d;
fungicides normally applied by the
grower to control powdery mildew; and,
an unsprayed control. Fungicides were
applied four times: bupirimate (Nimrod-
Crop Care) was applied at 125 mg a.i. L-1

on 27 September 1995 (day 0 of the experi-
ment), fenarimol at 36 mg a.i. L-1 (Rubigan
120 EC-Dow Elanco) on days 14 and 28,
and bitertanol at 510 mg a.i. L-1 (Baycor
300-Bayer) on day 42. Bupirimate and
fenarimol had been used by the grower for
some years prior to our experiment but
this was the first use of bitertanol at this
site. The first spray of PSO was applied on
day 0 to plants in all five PSO treatments.
The last spray was applied on 8 Novem-
ber 1995 (day 42). A total of seven, four,
and three PSO sprays were thus applied at
intervals of 7, 14 and 21 d, respectively.

Sprays were applied using a Hardi
wheelbarrow sprayer fitted with a 100 L
tank and a 2.5 kW petrol engine. The
sprayer was connected to a purpose-built
spray trolley that featured 10 omnidirec-
tional nozzles attached to a 1.3 m boom
that projected forwards 40° from the verti-
cal. The trolley enabled precise control of
spray volume and direction, excellent cov-
erage to upper and lower leaf surfaces,
uniformity of spray deposits, and the
quick application of high spray volumes.
Due to the height of the roses, additional
spray was applied to the tops of plants
using a hand-held Hardi spray gun. All
sprays were applied to run-off (~ 1 L m-2).

Only plants in the centres of plots were
sampled to ensure adequate spray buffers
between adjacent sample areas. The extent
of powdery mildew infection was as-
sessed on thirty randomly selected, young
leaves (the third, forth or fifth from the
bud) per plot. The percentage of each leaf
surface covered with mycelium was
graded as either 0 (none present), 1 (<25%
covered), 2 (25–50% covered), 3 (51–75%
covered) or 4 (>75% covered). The grades
for all thirty samples in a plot were then
averaged to give a single value per plot.
Samples were obtained on day 0, day 14
and then at 7 d intervals until 7 d after the
last spray (day 49) for a total of seven sam-
ples. Samples were taken prior to any
scheduled spray on a particular day. Par-
tial demolition of the greenhouse before
the experiment was completed resulted in
the loss of a replicate from samples six and
seven.

Due to the loss of a replicate in the last
two samples, data for each sample time
were analysed separately and not as a
repeated measures analysis of variance
(rmanova). The significance of treatment
effects at each sample time were assessed
using parametric analysis of variance

(anova) or, if the normality assumption
was not fulfilled, Friedman’s test (Sokal
and Rohlf 1995). Whenever a parametric
analysis indicated that significant treat-
ment effects occurred, the significance of
differences among treatment means were
determined using Ryan’s Q test (Day and
Quinn 1989).

Experiment 2. The aim of this experiment
was to assess the effectiveness of PSO at
simultaneously preventing powdery mil-
dew infection when oil was applied to
control two-spotted mite (Tetranychus
urticae Koch) infestations. The roses used,
therefore, did not show any symptoms of
powdery mildew infection at the start of
the experiment. This experiment was a
randomized complete block design with
two replicates. Four beds were used with
the two blocks formed of the halves of
each bed. An experimental plot consisted
of adjacent 5 m long sections of all four
beds. Samples were only taken from the
centre of each plot (i.e. a 2 m long section
of the second and third beds).

There were three treatments: a calendar
PSO treatment consisting of 0.5% D-C-
Tron Plus applied on 9 and 23 November
1995 (days 0 and 14), and 7 December 1995
(day 28) regardless of two-spotted mite
infestation levels; a strategic program
based on monitoring mite levels (moni-
tored treatment) were D-C-Tron Plus was
applied at intervals and concentrations
sufficient to control two-spotted mite
(0.5% PSO on days 0, 14 and 21; and 1.0%
PSO on day 28); and an unsprayed con-
trol. Sprays were applied as described in
Experiment 1 but an extension wand with
two nozzles was used because of insuffi-
cient space at the ends of the beds for the
proper use of the spray trolley.

Assessments of powdery mildew infes-
tations were made prior to scheduled
sprays on day 0 of the experiment and
then at 7 d intervals ending on 14 Decem-
ber 1995 (day 35) giving a total of six sam-
ples. Ten shoots per plot were randomly
selected and the level of powdery mildew
infection on each leaf graded as in Experi-
ment 1. The average grade for all leaves in
a plot was then calculated. In contrast to
Experiment 1, therefore, both old and
young leaves were used in the calculation
of average infection levels.

Black spot experiments
Experiment 3. The aim of this experiment
was to assess the efficacy of PSO for con-
trolling black spot in potted roses. Nine
potted roses were each assigned at ran-
dom to one of three treatments (0.5% D-C-
Tron Plus, 1.0% D-C-Tron Plus and an
unsprayed control) (i.e. 1 potted rose = 1
replicate). Plants within each treatment
were placed close together to encourage
the development of, and to facilitate cross-
infection by, black spot.

Treatment sprays were applied on the
6, 14, 20 and 28 December 1995 and 13
January 1996 (days 0, 8, 14, 22 and 38) to
dry leaves between 0830 and 0930 h and at
least 3 h before the next scheduled water-
ing. A Hardi knapsack sprayer fitted with
a T-jet nozzle was used and spray was ap-
plied to run-off (~ 120 mL plant-1). The
longer than usual interval (16 d) between
the fourth and fifth sprays was due to
heavy rain.

Assessments of the extent of black spot
infection were made before each sched-
uled spray and on 20 and 26 January 1996
(days 45 and 51, 7 and 13 d after the last
spray). Assessments were made by ran-
domly selecting five leaves from each
plant and assigning grades based on in-
creasing intensity of black spot infection
(0, no infection; 1, one to two spots; 2,
three to six spots; 3, seven to ten spots
and/or some chlorosis on leaf; 4, >10 spots
and/or leaf chlorotic; 5, leaf falls when
touched) and the average grade per plant
calculated.

Log transformed data were analysed in
a rmanova. For each sample time in which
a significant treatment effect was found,
treatment means were separated using
Ryan’s Q test or Games and Howell’s test
(Day and Quinn 1989) if variances were
not homogenous.

Experiment 4. In this experiment the effi-
cacy of PSO in combination with NaHCO3

was assessed. The experiment was con-
ducted as for Experiment 3 but with
four treatments and five plants (= repli-
cates) per treatment. The treatments were
0.063M NaHCO3 with 0.5% D-C-Tron
Plus, 0.063M NaHCO3 with 1.0% D-C-
Tron Plus, 1.0% D-C-Tron Plus and an
unsprayed control. The concentration of
NaHCO3 used was as recommended by
Horst et al. (1992) to enhance performance
of PSO and/or enable reduction of the oil
concentration.

Treatment sprays were applied on the
7, 17, 27 February and 7 March 1996 (days
0, 10, 20 and 30). The method of assessing
the level of black spot infection was made
as given Experiment 3 with all assess-
ments made prior to each spray and on 11
March (day 34). Data were analysed as for
Experiment 3 except that data were not
transformed.

Results
At the beginning of Experiment 1 there
was no significant difference between
plots in leaf area affected by powdery mil-
dew (F6,12 = 1.335, ns) suggesting disease
was distributed evenly throughout experi-
mental plots (Figure 1). Significant treat-
ment differences were found in the next
five sample dates (P<0.05 at all sample
times) but not in the seventh sample (Xr

2 =
7.57 df = 6, ns). The latter may have been
due mainly to the small sample size. In the
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control plots, the maximum level of infec-
tion occurred on day 49 when 60% of
leaves were infected and 20% of leaves
were scored as grade two or higher. PSO
applied at 7 or 14 d intervals was equally
effective at reducing leaf area affected by
powdery mildew and maintaining them
well below that of the control. Spray inter-
vals of 21 d were effective compared to the
control. However, they were less effective
than 7 and 14 d intervals because some re-
covery of disease levels occurred between
14 and 21 d after each PSO application.
There was no significant difference in the
level of control achieved with 0.5 and 1.0%
PSO sprays. The bupirimate and fenari-
mol  sprays did not give as effective con-
trol of powdery mildew as PSO but the
single application of bitertanol on day 42
gave effective control.

Prophylactic application of PSO in a
calendar or monitored program gave ex-
cellent protection against powdery mil-
dew infection in Experiment 2. The dis-
ease was only recorded on day 28, 14 d
after the second spray and at a very low
level (Figure 2). The level of infection in
the control treatment contrasted markedly
to that in the PSO treatments.

The maximum level of disease reached
in the control in Experiment 2 was higher
than in Experiment 1. This is not obvious
in a comparison of Figures 1 and 2 because
of the difference in sampling method be-
tween the experiments.

The level of black spot incidence in all
treatments was very low for the first four
samples in Experiment 3 (Figure 3). From
the third sample onwards, a significant
treatment by time interaction was found
(F6,72 = 29.47, P=0.001). The level of black
spot on control plants increased markedly
such that by day 51 all were completely
defoliated by the disease. The level of inci-
dence on plants treated with 1.0% PSO re-
mained low throughout the experiment
and differed significantly from that on
control plants from day 22 onwards. The
level of disease on plants treated with
0.5% PSO differed significantly from con-
trol plants from day 38 but on days 45 and
51 incidence levels were significantly
higher than on plants treated with 1.0%
PSO.

Low levels of black spot were detected
in all sprayed plants throughout Experi-
ment 4 while the level of infection in the
control increased continually (Figure 4).
Differences between treatments were sig-
nificant from day 10 onwards but no sig-
nificant differences between sprayed
treatments were found at any sample
time. The addition of NaHCO3 to 1.0%
PSO thus had no practical benefit for black
spot control over PSO alone. However,
with the results of Experiment 3 in mind
(Figure 3), the addition of NaHCO3 to
0.5% PSO appears to have improved con-
trol over 0.5% PSO alone.
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Figure 1. Effect of 0.5% (open symbols) and 1.0% (solid symbols) D-C-Tron
Plus applied at various intervals at controlling powdery mildew compared
to an unsprayed control (—) and a typical grower fungicide treatment (----).
� PSO at 7 d spray intervals; �� PSO at 14 d spray intervals; ▲▲▲▲▲� PSO at 21
d spray intervals.

Figure 2. Efficacy of monitored (�) and calendar (�) D-C-Tron Plus
treatments in protecting plants from powdery mildew compared to the
unsprayed control (�).

Discussion
D-C-Tron Plus applied at concentrations
of 0.5% or 1.0% gave equally effective pro-
phylactic and therapeutic control of pow-
dery mildew on roses. Application inter-
vals of 7 and 14 d between sprays were
also equally effective at keeping the level
of disease very low. To minimize the cost
of powdery mildew control, our results
therefore suggest that the best spray
schedule would be 0.5% PSO applied at

14 d intervals. An additional application
of oil to the upper canopy may be neces-
sary to protect newly formed leaves on
more susceptible rose varieties (e.g.
Samantha: Horst et al. 1994) or under envi-
ronmental conditions that may be more
conducive to powdery mildew infection.
Our results were obtained with the appli-
cation of very high rate of spray (~1 L m-2

of rose bed). Since this is much greater
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than commonly used by growers, changes
to their spray equipment and application
techniques will be necessary to achieve
similar levels of control.

The results of our study suggest that
the strain of powdery mildew found in the
greenhouse at Leppington could be resist-
ant to bupirimate and fenarimol, the syn-
thetic fungicides that were currently used
by the grower, but more research is re-
quired to prove this. Bitertanol was intro-
duced into the grower’s normal treatment
on our initiative once we realized the inef-
fectiveness of bupirimate and fenarimol.
Bitertanol was as good as the PSO at

controlling powdery mildew. However,
bitertanol and fenarimol share a common
mode of action (Thomlin 1997) and so the
risk of cross-resistance should be high
(Dekker 1986). While no resistance to
bitertanol was noted in our study, its long-
term value is likely to be severely con-
strained unless used in rotation with other
chemicals. Resistance of powdery mildew
has not been recorded with PSO and these
compounds can therefore play a major
role in powdery mildew control in circum-
stances where the disease has or is likely
to develop resistance to synthetic fungi-
cides. Resistance of arthropod pests to

PSOs has only rarely been recorded in
over 100 years (Davidson et al. 1991).

An unanticipated benefit of controlling
powdery mildew with D-C-Tron Plus was
that after treatment leaves were left glossy
and visually free of powdery mildew
mycelia, a consequence that did not arise
when conventional fungicides were used.
Use of some conventional fungicides can
leave residues on rose leaves that decrease
the commercial value of the crop (van de
Vrie 1985). The aesthetic quality, and so
the market value, of harvested rose stems
was thus improved (P. Davidson, Floraco
Ltd., personal communication December
1995; J. Bourke, Redlands Roses Queens-
land, personal communication January
1997).

Levels of powdery mildew control
achieved in our most effective treatments
were similar to those achieved by Horst et
al. (1992) and Pasini et al. (1997). However,
we achieved control using lower oil con-
centrations (0.5% versus 1.0%) and longer
spray intervals (14 d versus 7 d). This im-
provement may be attributed to either the
higher rate of spray application we used
(700 L 1000 m-2 versus 200 L 1000 m-2 used
by Pasini et al. 1997), or the differences in
the distillation properties of the oils and/
or emulsifiers used, or the lower level of
infection in our study compared to Pasini
et al. (1997), or to differences in environ-
mental conditions and rose varieties. The
high level of control we achieved using
0.5% PSO alone suggests that the addition
of NaHCO3 to oil for powdery mildew
control as recommended by Horst et al.
(1992) was probably not necessary (see
also Chauvel et al. 1998).

Good control of black spot was
achieved with 1.0% D-C-Tron Plus, and
with 0.5 and 1.0% D-C-Tron Plus mixed
with NaHCO3 but 0.5% D-C-Tron Plus
was not as effective. The level of control
achieved with PSO would probably be ac-
ceptable for roses grown in home gardens
and for the commercial production of
cutflowers but additional sprays with syn-
thetic fungicide may be necessary for
nursery roses because of a very low toler-
ance of black spot infection (John Burke,
Redland Roses Queensland, personal
communication November 1998; Carpen-
ter, Swane’s Nursery, Dural, New South
Wales, February 1999).

The efficacy of 0.5% D-C-Tron Plus
against black spot appeared to be en-
hanced when mixed with NaHCO3 but no
enhancement occurred when 1.0% PSO
was mixed with NaHCO3. This agrees
with results presented by Bowen et al.
(1996). There are a number of implications
of these results. First, addition of NaHCO3

to 1.0% PSO applied at approximately 10
d intervals may be superfluous. Second,
while we found no evidence of acute phy-
totoxicity (e.g. burnt leaves or increased
leaf drop) on our plants, longer-term or
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Figure 3. Average grade of black spot on roses treated with 0.5% D-C-Tron
Plus (�), 1.0% D-C-Tron Plus (�) and on the unsprayed control plants (�).

Figure 4. Effects of treating roses with 1.0% D-C-Tron Plus (�), 0.5% D-C-
Tron Plus + 0.063 M NaHCO3 (�) and 1% D-C-Tron Plus + 0.063M NaHCO3

(�) on black spot compared with unsprayed control (▲▲▲▲▲).
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more frequent use of 1.0% PSO under con-
ditions of higher black spot infection may
prove to be phytotoxic (see also, Nicetic et
al. 1997). Further research to determine if
roses are susceptible to chronic phytotox-
icity from PSOs is currently in progress. If
chronic phytotoxicity with 1.0% PSO is a
problem then the use of 0.5% PSO mixed
with NaHCO3 may prove safer.

In a spray program, the cost of oil per
100 m2 is lower than that of most regis-
tered fungicide ($1.50 for D-C-Tron Plus
vs. $0.86 for Nimrod, $3.30 for Rubigan
and $10.3 for Baycor) but the cost of oil ap-
plication is higher in comparison. Even so,
the cost of an oil-based program to control
fungal diseases should not exceed that of
a fungicide-based program (Nicetic et al.
1997). A thorough economic analysis of an
oil-based program is required.

In summary, the results of this study
demonstrated that D-C-Tron Plus can ef-
fectively protect roses from powdery mil-
dew and black spot infection and control
powdery mildew if it has already devel-
oped. Included in a rose IPDM program,
PSO should remove the selection pressure
for resistance associated with synthetic
fungicides thus providing sustainable and
cost-effective control of powdery mildew
and black spot.
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