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ABSTRACT

Horst, R. K., Kawamoto, S. O., and Porter, L. L. 1992. Effect of sodium bicarbonate and
oils on the control of powdery mildew and black spot of roses. Plant Dis. 76:247-251.

Powdery mildew, caused by Sphaerotheca pannosa var. rosae, and black spot, caused by
Diplocarpon rosae, were significantly controlled by weekly sprays of 0.063 M aqueous solution
of sodium bicarbonate plus 1.0% (v/v) Sunspray ultrafine spray oil on Rosa spp. Control
of powdery mildew was evaluated on cultivars Bridal Pink, Gold Rush, Lavande, Prive, Saman-
tha, Sonia, and Royalty in greenhouse experiments, and control of black spot was evaluated
on cultivars Mr. Lincoln and Pascale in field experiments. The chemicals were eradicative
when applied individually or in combination; however, for powdery mildew control, treatment
in combination was better (P = 0.0002). These results indicate that sodium bicarbonate and
oil appear to be effective biocompatible fungicides for control of powdery mildew and black
spot of roses. Differences in response to powdery mildew among the cultivars ranged from

complete resistance in Gold Rush to high susceptibility in Samantha.

Powdery mildew, caused by Sphae-
rotheca pannosa (Wallr.:Fr.) Lév. var.
rosae Woronichin, is the most widely dis-
tributed and destructive disease of green-
house-grown Rosa spp. in the world.
Powdery mildew and black spot, caused
by Diplocarpon rosae F. A. Wolf, are
the most serious diseases of nursery- and
garden-grown Rosa spp. Fungicide
applications at 7-day intervals are the
only means of control. At Cornell
University, annual control of powdery
mildew in cut rose production research
has required up to 17 applications (5)
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at an annual cost per square foot of 43
to 97¢, excluding labor. Because the 1987
market value of cut rose crops grown
on 3.6 million square meters of produc-
tion space in the United States exceeded
$180 million (1,19), the annual cost of
fungicides for control of powdery mildew
on production roses easily exceeds $3.6
million, or about 2% of the wholesale
market value. This value does not include
nursery- and garden-grown roses.
Moreover, present ecological concerns
about frequent fungicide application are
serious and include worker safety and
reentry, contamination of greenhouse
drainage water, consumer exposure to
fungicide residues, and effects on crop
photosynthesis and yield. Thus, “bio-
compatible” fungicides, which we define
to be fungicides that exhibit low mam-
malian and environmental toxicities,

were particularly interesting to us for the
control of powdery mildew and black
spot. Although the term “biorational”
has been used to describe these types of
chemicals, this term has been used pre-
viously to describe biological control
microorganisms, such as parasites and
pathogens of insects and weeds (11).
Legitimate candidates were bicarbonates
and horticultural oils, which have indi-
vidually been demonstrated to show con-
trol activity against specific pathogenic
fungi. Punja and Grogan (17) found that
carbonate and bicarbonate salts of am-
monium, potassium, sodium, and lith-
ium were fungicidal to Sclerotium rolfsii
Sacc., and Homma et al (9) found so-
dium bicarbonate to be inhibitive to
powdery mildew on cucumber. Film-
forming polymers have been shown to
be inhibitive to powdery mildew on rose
and several other diseases caused by
fungi (6,7,21). The objective of our in-
vestigation was to determine the effec-
tiveness of bicarbonates and horticul-
tural oils, singly and in combination, in
controlling powdery mildew and black
spot on rose.

MATERIALS AND METHODS
Seven cultivars of rose were used in
the powdery mildew experiments, includ-
ing Bridal Pink, Gold Rush, Lavande,
Prive, Samantha, Sonia, and Royalty.
All plants received the same fertilizer
treatment following Cornell Recom-
mendations for Commercial Floriculture
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Fig. 1. Average combined disease severity ratings of powdery mildew on five rose cultivars
(Bridal Pink, Lavande, Prive, Royalty, and Sonia) treated with NaHCO; and oil, alone and
in combination. Lines on each bar represent standard deviations at each date.
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Fig. 2. Average disease severity ratings of powdery mildew on untreated rose cultivars Samantha,
Bridal Pink, Sonia, Royalty, Lavande, Prive, and Gold Rush. Lines on each bar represent

standard deviations at each date.

Table 1. Analysis of variance and planned orthogonal contrast analysis of NaHCO; and oil
treatment effects, and treatment and cultivar interactions in severity of powdery mildew on
rose cultivars Bridal Pink, Gold Rush, Lavande, Prive, Royalty, Samantha, and Sonia

Source df  Sum of squares Mean square F value P value
Treatment (T)* 3 44,003.62 14,667.87 130.13 0.0001
Cultivar (C)* 6 63,682.48 10,613.74 94.16 0.0001
TXC 18 3,585.11 199.17 1.76 0.10
NaHCO; vs. NaHCO;/ oil® 1 3,944.72 3,944.72 34.99 0.0002
Oil vs. NaHCO;/ 0il® 1 1,955.80 1,955.80 17.35 0.0002
Error 24 2,705.21 112.71 . e

* Analysis of variance using type III sum of squares of the SAS general linear procedure.
® Contrasts calculated using SAS general linear models procedure.
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Crops (4). They were grown under glass
and in a soil-based medium amended
with perlite and peat moss. A random-
ized split-block design was used within
each of four greenhouse concrete benches
(19.8 X 1 m). Plants were spaced 30 cm
on center. Each cultivar block contained
12 plants, and there were two blocks of
each cultivar within each bench. An indi-
vidual bench received one of the follow-
ing four treatments: water, 0.063M
aqueous solution of sodium bicarbonate
(NaHCOs), 1.0% (v/v) Sunspray ultra-
fine spray oil, and 0.063 M NaHCO; plus
1% Sunspray ultrafine spray oil. Sprays
were applied weekly between 13 Septem-
ber and 1 November 1990. Disease eval-
uations were made at approximately 14-
day intervals beginning 7 September and
ending 29 October 1990.

Another experiment was designed for
the same greenhouse on two additional
benches containing the cultivar Prive to
compare 0.063M NaHCO; plus 1.0% oil,
148 ml of propiconazole 14.3% EC (Ban-
ner) per 379 L of water, and water spray
for their effectiveness in powdery mildew
control during the same time period of
the previously described experiment.
Each treatment was applied weekly to
two randomized split blocks containing
57 plants per block.

The disease rating system was modi-
fied from that described by Paulus and
Nelson (15). Each plant was rated on a
scale of 0-5 where 0 = no mildew lesions,
1 = 1-25, 2 = 26-50, 3 = 51-75, 4 =
76-90, and 5 = >909% total leaves per
bush with lesions. Data were collected
from 1,014 plants, and the means and
standard deviations were calculated for
each treatment and cultivar. Analyses
were done by the general linear proce-
dure of Statistical Analytical Systems,
Cary, NC (18). Disease severity data were
analyzed with a two-way analysis of vari-
ance (ANOVA) to identify main treat-
ment effects and interactions. Planned
orthogonal contrasts also were eval-
uated. Data were transformed into rat-
ing scale values as described by Little
and Hills (13). These transformed rating
scales were used to adjust treatment
means and to ensure homogeneity of
variance (8,12).

Cultivars Mr. Lincoln and Pascale
were used in black spot experiments dur-
ing the summers of 1988, 1989, and 1990
at Sonnenberg Gardens, Canandaigua,
NY. Eighty-one plants of each cultivar
were planted in separate ground beds.
Treatments were as follows: no spray,
0.063M NaHCO; plus 1.0% oil, 0.063 M
NaHCO; plus 1.0% oil plus 0.6 ml of
Tween 20 per 3.8 L of water, 1.0% oil,
and 0.6 ml of Tween 20 per 3.8 L of
water. Treatments were arranged in ran-
domized blocks within each cultivar with
two blocks of each treatment and one
block with no treatment. Each block con-
tained nine plants spaced 30 cm on
center. The disease rating was the same



as that used to evaluate powdery mildew.

RESULTS

Powdery mildew. Although treat-
ments commenced 13 September 1990,
the first disease evaluations were made
6 days earlier. It was obvious from data
presented in Figure 1 that infection was
established among plants before the
initial spray applications. Disease rat-
ings taken before treatment also pro-
vided a baseline for subsequent compar-
isons. There were no statistically signif-
icant differences among cultivars in dis-
ease ratings taken on 7 September 1990,
except cultivar Gold Rush, which ap-
peared to be totally resistant to S. p.
rosae infections throughout the exper-
iment (Fig. 2). The establishment of pow-
dery mildew among roses included in
this planting was anticipated because the
existing environmental conditions in the
greenhouse were especially conducive to
powdery mildew epidemics (10,15,20),
i.e., night/day temperatures and relative
humidities were 16/27 C and 90-99%)/
40-70%, respectively. Disease ratings in
the cultivar Samantha, sprayed with wa-
ter only, reached 5 by 26 September and
remained at that level for the duration
of the experiment. Gold Rush had no
visible mildew infections throughout
the experiment. Because Samantha and
Gold Rush represent the extremes in
sensitivity to powdery mildew infections
(Fig. 2), and because the standard
deviations for the two cultivars skewed
the evaluation of treatments in control-
ling the disease, mean differences and
their standard deviations were evaluated
on the remaining five cultivars, repre-
senting moderate to severe susceptibility
to powdery mildew (Fig. 1). Highly sig-
nificant (P < 0.0001) differences in treat-
ment effects on disease severity were con-
firmed by ANOVA computations (Table
1). Planned orthogonal contrast compu-
tations to determine contrast differences
revealed significant reductions in disease
severity on plants treated with NaHCO,
compared with NaHCO; plus oil (P =
0.0002) and on plants treated with
NaHCO; plus oil compared with oil
alone (P = 0.0002). The combination of
NaHCO; plus oil significantly reduced
powdery mildew incidence on all disease
reading dates, and the amount of pow-
dery mildew continued a linear reduction
profile to the completion of the exper-
iment (Fig. 3).

Oil alone significantly reduced infec-
tion on three out of the four reading
dates; however, some variation was
noted. For individual cultivars, NaHCO,
and oil, alone and in combination, were
effective in reducing infection from §.
p. rosae, and this reduction was evi-
dent even on the highly susceptible
cultivar Samantha (Fig. 3). Furthermore,
NaHCO; plus oil was eradicative as
shown by data presented in Figure 1 and
by the disappearance of powdery mildew

lesions from infected foliage as shown
in Figure 4. Moreover, NaHCO; plus oil
significantly reduced S. p. rosae in-
fections on Prive on all reading dates in
the experiment designed to compare its
effectiveness with propiconazole (Fig. 5).
Although propiconazole somewhat
reduced disease severity, a significant
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reduction, as shown by mean standard
deviation, was not found until the final
readout date.

Differences among the untreated culti-
vars in their response to S. p. rosae are
shown in Figure 2. As stated earlier, no
powdery mildew lesions were found on
Gold Rush during the 8-wk duration of
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Fig. 3. Average disease severity ratings of powdery mildew on individual rose cultivars Bridal
Pink, Lavande, Prive, Royalty, Samantha, and Sonia. Lines on each bar represent standard

deviations at each date.

A

N

Fig. 4. Individual leaves of cultivar Samantha (A) treated with NaHCO; plus oil, which
demonstrates protective properties on powdery mildew; (B) untreated with severe powdery
mildew; and (C) treated with NaHCO, plus oil, which demonstrates the eradicative properties
on powdery mildew.
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the experiment, despite the high inci-
dence of powdery mildew surrounding
the randomly located blocks of Gold
Rush throughout the greenhouse. Culti-
var susceptibility could be arranged into
four groups (Fig. 2) as follows: 1) Sa-
mantha—maximum disease ratings for
entire experiment; 2) Sonia, Bridal Pink,
and Royalty—moderate disease ratings
during the initial 4 wk and near max-
imum disease ratings during the last 4
wk; 3) Prive and Lavande—moderate
disease ratings during the 8-wk duration
of the experiment; and 4) Gold Rush—

0 disease ratings for entire experiment.

Black spot. Inoculum of D. rosae for
this experiment was provided by severe
black spot incidence in roses previously
planted in the ground beds. Frequent
rains during the summers provided the
moisture required for natural infections.
Applications of NaHCO; plus Tween 20
resulted in a reduction in disease severity
for black spot during the summers of
1988, 1989, and 1990. Data for 1990
presented in Figure 6 showed that
NaHCO; plus Tween 20 and NaHCO,
plus Tween 20 plus oil reduced the in-
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Fig. 5. Average disease severity ratings of powdery mildew on rose cultivar Prive treated with
NaHCO; plus oil and with propiconazole. Lines on each bar represent standard deviations

at each date.
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Fig. 6. Average black spot disease severity rating on rose cultivars Mr. Lincoln and Pascale
treated with combinations of NaHCO; plus Tween, Tween plus oil, and NaHCO; plus Tween

plus oil, and Tween alone.
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cidence of black spot more than Tween
20 alone or Tween 20 plus oil. Mr. Lin-
coln was more susceptible to D. rosae
than Pascale. A problem was encoun-
tered with spray runoff from rose foliage
because of frequent rainfall.

DISCUSSION

NaHCO; and horticultural oils are
effective biocompatible fungicides for
control of powdery mildew and black
spot on rose. Their effectiveness is quite
good when applied singly but improved
when used in combination. Their useful-
ness would be amplified if they were in-
corporated into production control pro-
grams in lieu of those fungicides that
possess mammalian and environmental
toxicity.

We postulate that the improved effec-
tiveness of control with combinations of
NaHCO; plus horticultural oils was at-
tributable to fungicidal characteristics of
bicarbonate ions (9,17), the fungicidal
characteristics of oils (6,7,21), and
spreader-sticker characteristics of oils
that keep the bicarbonate ions on foliar
surfaces. Hypotheses have been pro-
posed for the inhibitory mechanisms for
both bicarbonates and oils. Hydrogen
ion concentration of bicarbonate salts
has been shown to have a profound in-
hibitory influence on sclerotial germina-
tion of S. rolfsii (17) where pH 8.6 was
fungicidal but pH 6.0 was not. Further-
more, Homma et al (9) found that
NaHCO; inhibited conidial formation
and germination. It is possible that the
same fungicidal influence affected con-
idial germination of S. p. rosae in our
investigations. Film-forming polymers
may form a physical barrier on leaf sur-
faces against germ tube penetration by
conidia of S. p. rosae (6,7,21).

Differences in susceptibility of rose
cultivars to S. p. rosae were anticipated,
but the spectrum of differences was not.
The susceptibility of the cultivars affects
the actual amount of control achieved
by the NaHCO; and oil, although this
effect diminishes with repeated appli-
cations of the chemical (Fig. 3). Because
cultivar susceptibility could be arranged
in groups and because the degree of
susceptibility ranged from highly suscep-
tible to completely resistant, a gene pool
is available for developing resistant cul-
tivars, and a cultivar pool is available
for determining the mechanism(s) of
resistance to powdery mildew. However,
differences in cultivar susceptibility to S.
p. rosae may be influenced by pathogenic
variability of the pathogen as reported
by Bender and Coyier (2,3).

Obviously, the mechanisms of fungi-
cidal activity have not been conclusively
established for bicarbonates and horti-
cultural oils and is one of the objectives
of further studies in our laboratory. Ad-
ditional research is necessary to deter-
mine the minimal frequency of treat-
ment, the effectiveness of other bicar-



bonate salts, and the effectiveness of
other horticultural oils for control of
powdery mildews. We know that the
rates of NaHCO; and oil reported herein
are critically important because our pre-
liminary investigations reveal phytotox-
icity to rose with rates >1.0% of both
NaHCO; and oil. An important feature
to recognize in frequency of treatment
is that rose foliar tissues become more
resistant to S. p. rosae infections as
tissues age (14). Because flowers are
continuously cut in cut rose production,
young unsprayed foliar tissues are con-
tinuously available for infection.
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