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ABSTRACT
Ziv, O., and Zitter, T. A. 1992. Effects of bicarbonates and film-forming polymers on cucurbit
foliar diseases. Plant Dis. 76:513-517.

The inhibitory effects of sodium, potassium, and ammonium bicarbonates (NaHCO;, KHCO;
and NH4HCO;, respectively) alone and in combination with SunSpray Ultra-Fine Spray Oil
(SS) on powdery mildew, caused by Sphaerotheca fuliginea; gummy stem blight, caused by
Didymella bryoniae; Alternaria leaf blight, caused by Alternaria cucumerina; and Ulocladium
leaf spot, caused by Ulocladium cucurbitae, were studied. SS oil performed consistently better
than ForEverGreen, Masbrane, Crop Life, Vapor Gard, Nu-Film 17, and Bio-Film for powdery
mildew control in cucumber and pumpkin. NaHCO; or KHCO; combined with SS oil, both
at 0.5%, were more effective treatments for powdery mildew on pumpkin than either of the
materials used alone, whereas NH,HCO; was ineffective. All three bicarbonates (1% w/v) plus
SS oil (1% v/v), and especially NH;HCO; + SS, provided good control of gummy stem blight
and Alternaria leaf blight of muskmelon and Ulocladium leaf spot of cucumber in greenhouse
trials. The bicarbonate-plus-oil treatments were more effective when applied prior to inoculation.
KHCO; was phytotoxic to mildew-infected pumpkin leaves at concentrations greater than 0.5%;
NaHCO; caused minimal injury, and NH4;HCOj; caused no injury. Similar results were obtained
when bicarbonate solutions were applied to punctured cucumber cotyledons. In vitro studies
showed that bicarbonate salts inhibited growth of these organisms and Colletotrichum orbiculare,
causal fungus of cucurbit anthracnose. NH4;HCO; was most inhibitory. Na, K, and NH, chloride

salts were least inhibitory.
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Powdery mildew of cucurbits, caused
primarily by Sphaerotheca fuliginea
(Schlechtend.:Fr.) Pollacci, is a serious
problem in cucurbit fields and green-
houses worldwide (20). Resistant culti-
vars or fungicide sprays are required for
control (17). Currently only cucumber
cultivars have resistance or, as in the case
of cantaloupe, race-specific resistance to
Sphaerotheca. Benomyl-resistant iso-
lates were reported as early as 1969 in
New York (16), and more recently insen-
sitivity to triadimefon has occurred (12).

In addition to powdery mildew, other
diseases of importance affecting cucum-
ber, cantaloupe, watermelon, and many
Cucurbita spp. under greenhouse and
field conditions are gammy stem blight,
caused by Didymella bryoniae (Auersw.)
Rehm (1); anthracnose, caused by Col-
letotrichum orbiculare (Berk. & Mont.)
Arx; and Alternaria leaf blight, caused
by Alternaria cucumerina (Ellis &
Everh.) J. A. Elliott (17). Recently, Ulo-
cladium leaf spot caused by Ulocladium
cucurbitae (Letendre & Roumeguere)
Simmons has been described as a disease
of cucumber in New York (22). Gummy
stem blight is particularly important,
because plants already infected by
powdery mildew are predisposed to more
severe gummy stem blight (2). Presently,
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only cultural practices and weekly
fungicide sprays are available for control
of these diseases.

Coating polymers, such as antitrans-
pirants, mineral oils, surfactants, and
other products, have been used as arti-
ficial barriers on leaf surfaces to inhibit
foliar pathogen development on various
host plants (4,5,10,21,23,24). Most of
these coating polymers are nonphyto-
toxic, permeable to gases, resistant to
weathering for at least 1 wk, and
biodegradable (5,24).

There is limited information on the use
and effects of various bicarbonates on
either soilborne or foliar plant patho-
gens. The fungicidal effects of ammon-
ium bicarbonate (NH,HCO;) have been
reported mainly on soilborne pathogens,
including Sclerotium rolfsii Sacc.
(11,14,15). McKee (13) reported the
control of rose powdery mildew caused
by Sphaerotheca pannosa (Wallr.:Fr.)
Lév. var. rosae Woronichin by spraying
sodium bicarbonate (NaHCO;) mixed
with an unspecified summer petroleum
oil on infected leaves. The mixture was
twice as effective as either material alone.
More recently, Homma et al (7) reported
on the use of NaHCO; and emulsifiers
and surfactants to control citrus green
mold and cucumber powdery mildew and
described the inhibitory effect of
NaHCO; on the life cycle of S. fuliginea
(8). The use of NaHCOj and oils for con-
trolling rose powdery mildew and black
spot has recently been studied (9). The
objective of this study was to determine

if control of cucurbit foliar diseases,
including powdery mildew, Alternaria
leaf blight, gummy stem blight, and
Ulocladium leaf spot, could be achieved
under greenhouse conditions with a
combination of bicarbonates and coating
products.

MATERIALS AND METHODS

Culture of pathogens and hosts. A
greenhouse isolate of powdery mildew
(S. fuliginea) was used throughout these
experiments and was maintained on
pumpkin (Cucurbita pepo L. ‘Spirit’) and
cucumber (Cucumis sativus L. ‘Market-
more 76’). Five- to 7-wk-old (six- to
eight-leaf stage) pumpkin and cucumber
plants were grown in 10-cm plastic pots
in a greenhouse at 24 C under daylight
supplemented with fluorescent light.
Three hours after treatment, five test
plants were placed in a mist chamber at
25 C with 12 hr of fluorescent light. For
each treatment, five pumpkin and/or
cucumber plants heavily infected with .
fuliginea were placed between each
treatment row of plants as an inoculum
source in a randomized complete block
design. Individual pots served as repli-
cates for each treatment. The treated
plants were moved back to the green-
house after 48 hr. This experiment was
repeated three times.

Anisolate of U. cucurbitae (U313) was
maintained on potato-dextrose agar at
21 C with 14 hr of light, as previously
described (22). Conidial concentrations
were adjusted to 45,000 spores per mil-
liliter and atomized onto test plants at
69 kPa until runoff. Six-wk-old Dasher
II cucumber plants in the six- to seven-
leaf stage were used for inoculation. The
inoculated plants (five pots for each
treatment in a randomized complete
design) were held in a mist chamber for
48 hr at 25 C and then moved back to
the greenhouse. Leaves were inspected
for lesions 2-3 days after inoculation.
The experiment was repeated once.

An isolate of D. bryoniae was isolated
from muskmelon leaves showing typical
symptoms of gummy stem blight in
Onondaga County, New York, in 1990.
This isolate was maintained on V8 juice
agar plates at 21 C with 14 hr of light.
Under these conditions, pycnidia were
produced and were used as inoculum
(Phoma cucurbitacearum (Fr.:Fr.) Sacc.,
anamorph) (1). Conidial suspensions
were prepared by growing the cultures
at 21 Cfor 5-6 days, flooding the cultures
with a solution of 0.1% sucrose and
0.05% hydrolyzed casein, gently scraping
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the cultures, and straining them through
two layers of cheesecloth. Subsequently,
the concentration of conidia was ad-
justed to 6 X 10*/ml by diluting with
the nutrient solution (2). The suspensions
were atomized onto the upper leaf
surface of muskmelon (Cucumis melo L.
var. reticulatus Naudin ‘Saticoy’) in the
four- to five-leaf stage. After inoculation,
the plants (five pots for each treatment
in a randomized complete design) were
held in a mist chamber for 72 hr at 25
C before being moved back to a green-
house for observation. The percent leaf
area affected was recorded after 3 days.
The experiment was repeated once.

An isolate of A. cucumerina was col-
lected in 1990 from infected muskmelon
plants in Freeville, New York. A single-
spore culture was grown on V8 juice agar
at 22 C in a 12-hr light regime. Inocula
were prepared by flooding the surface
of 2-wk-old cultures with sterile distilled
water and gently scraping to detach the
conidia. The suspension was further
diluted with sterile water and adjusted
to 3 X 10* conidia ml™'. Saticoy musk-
melon plants were grown in a growth
chamber at 22 C in a 12-hr light regime.
Eighteen-day-old plants in the three-leaf
stage were inoculated as above and
placed in a mist chamber at 25 C for
48 hr before being returned to the growth
chamber. Five pots were used for each
treatment, arranged in a randomized
complete block design, and the exper-
iment was repeated. Infected leaves were
observed after 4-6 days for lesion size
and number.

Selection of coating products. The
upper leaf surface of pumpkin and cu-
cumber was sprayed to runoff at 69 kPa
with 0.6% (v/v) polymer emulsions of
the following products: SunSpray Ultra-
Fine Spray Oil (SS), a refined petroleum
distillate (Safer Inc., Newton, MA, now
marketed by Mycogen Corp., San Diego,
CA); Vapor Gard (VG) di-1-p-menthene

Table 1. Incidence of powdery mildew on
greenhouse-grown cucumber and pumpkin
plants treated with film-forming products

Powdery mildew (%)’

Treatment Cucumber Pumpkin
Water 49.7 a* 732 a
ForEverGreen 23.1b 39.7b
Masbrane 19.8 b 16.7 be
Crop Life 614 a 934 a
Vapor Gard 17.2 be 153 ¢
Nu-Film 17 6.5¢c 19.0 be
SunSpray Oil 53¢ 6.1c
Bio-Film 9.7 be 144 c
Chlorothalonil 12.9 be 320b

*The average number of mildew (Sphaero-
theca fuliginea) colonies per leaf was
recorded for Marketmore 76 cucumber in the
six-leaf stage and for Spirit pumpkin in the
eight-leaf stage.

“Numbers in each column followed by the
same letter are not significantly different
according to Duncan’s multiple range test at
P =0.05.
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(high viscosity, pinolene, Miller Chem-
ical & Fertilizer Corp., Hanover, PA);
Nu-Film 17 (NF) di-1-p-menthene (low
viscosity, pinolene, Miller Chemical);
ForEverGreen (FEG), an acrylic copoly-
mer (Safer Inc., Newton, MA, now
marketed by Mycogen Corp, San Diego,
CA); Crop Life (CL), a protein-enriched
acrylate copolymer (Polymer Technol-
ogies Inc., Nocatee, FL); Masbrane
(GZM) dodecyl alcohol (Aefachemi Ltd.,
Sheung Wan, Hong Kong); and Bio-Film
(BF), an ionic-nonionic blend of five
components (Kalo, Inc., Overland Park,
KS). Controls consisted of plants
sprayed with water or with the fungicide
chlorothalonil (Bravo 720) at 800 ug
a.i./ml. Each treatment was applied to
four plants each of pumpkin and cucum-
ber in separate tests, and both tests were
repeated. Plants were rated for disease
8 days after inoculation by recording the
number of powdery mildew spots per leaf
(adaxial surface). Visual estimates also
were made on the length of time (min)
required for the polymers to dry, the
percent of leaf surface area covered, and
the time (min) that free moisture was
available.

Use of bicarbonates and oil for foliar
disease control. Four Spirit pumpkin
plants (9 wk old) already heavily infected
with powdery mildew were used as treat-
ment plants. Plants were sprayed to run-
off with NaHCO,;, potassium bicarbon-
ate (KHCOs3), and NH,HCO; at 0.5, 1.0,
and 2.0% in distilled water (w/v); 0.5%
NaHCO;, KHCO;, and NH,;HCO; plus
0.5% SS oil (v/v); and 0.5% SS oil alone.
Treatments were randomized within the
mist chamber in a complete block design.
The effectiveness of treatments based
upon visual appearance of percent leaf
area affected was recorded daily for 10
days.

To observe the effects of bicarbonates
alone on the control of powdery mildew,
infected Spirit pumpkin leaves sprayed
with 0.5% bicarbonate solutions were
observed by light microscopy every 2
days for a 10-day period. Two leaves were
sampled for each treatment by removing
five 1-cm’ tissue pieces from each leaf.
The sections were taped onto slides for
observation. The experiment was
repeated three times.

The three bicarbonates (1%, w/v), the
SS oil (1%, v/v), or the mixture of bicar-
bonates and SS oil (both at 1%) were
also tested for the control of three
additional foliar pathogens: U. cucur-
bitae, P. cucurbitacearum, and A. cucu-
merina. The treatments were applied to
four plants preinoculation and post-
inoculation. The protective treatments
were applied and allowed to air-dry for
2 hr before the plants were inoculated
and incubated as described above. In
postinoculation treatments, the plants
were treated 24 hr after inoculation and
incubation. The experiments were
repeated.

In vitro studies. The inhibitory effect
of the three bicarbonates and the cor-
responding chloride salts (NaCl, KCl,
and NH,Cl) was studied. The bicarbon-
ate and chloride solutions were prepared
in distilled water and added to water agar
(WA) at 0.0, 0.5, 1.0, and 2.0% (w/v)
prior to autoclaving. No pH adjustments
were made to the media. Single-spore
cultures of P. cucurbitacearum, U. cucur-
bitae, A. cucumerina, and C. orbiculare
were begun by placing conidia of each
organism in the center of four petri plates
for testing each solution. The isolate of
C. orbiculare was obtained from infected
pumpkin fruit in 1990 and subsequently
maintained on PDA at 22 C with 12 hr
of light. The plates were incubated in a
growth chamber (22 C, 65% RH, and
12 hr of fluorescent light) and the colony
diameter measured daily for 5 days.

Phytotoxicity studies. Because visible
phytotoxicity appeared only on powdery
mildew-infected tissue of the bicar-
bonate-treated pumpkin leaves and not
on healthy tissue, we established two
experiments, one using greenhouse-
grown pumpkin leaves infected with
powdery mildew, and a second using
punctured cucumber cotyledons. Solu-
tions of Na, K, and NH, bicarbonates
were prepared in distilled water at 0.0,
0.5, 1.25, 2.5, and 5.0% (w/v). Twelve
40-ul drops of the bicarbonate solutions
were placed at random on either powdery
mildew-infected or healthy Spirit pump-
kin leaves. The necrotic areas were
recorded 24 hr after treatment. Dasher
II cucumber plants were grown in a
growth chamber until the cotyledons
were fully expanded (12 days old). One
cotyledon on each cucumber seedling
was punctured with a sharp needle, and
the other cotyledon served as a nonpunc-
tured control. Six 40-ul drops of the three
bicarbonate solutions at each concentra-
tion were placed on each cotyledon of
four seedlings. The seedlings were incu-
bated in the growth chamber, and the
phytotoxicity damage was evaluated
after 24 hr. This experiment was repeated
on both the punctured and nonpunctured
cotyledons; but instead of adding the
bicarbonates as droplets, the materials
of the same concentrations were atom-
ized at 69 kPa until runoff. Necrotic and
water-soaked areas were evaluated on a
scale of 0-3, with 0 = no damage, 1 =
1- to 2-mm areas, 2 = 5- to 8-mm areas,
and 3 = 80-100% of the cotyledon
damaged.

RESULTS

Coating products. The best control of
powdery mildew using coating materials
on a numerical basis was achieved with
SS on both cucumber and pumpkin
(Table 1). BF and NF, followed by VG
and GZM, also significantly reduced
disease compared to the control. FEG
had an intermediate effect, and CL was
ineffective. SS, BF, NF, VG, and GZM



had several physical properties in com-
mon, which may account for their
biological performance. The average
time required for the materials to dry
on the leaf surface was less than 5 min,
compared to 16.8 min for FEG and CL.
The percent surface area covered with
these polymers was greater than 87%,
compared to 48% for the water control.
Finally, the length of time that free water
droplets were visible on the leaf surface
was less than 14 min, compared to 249
min for water alone. On the basis of
consistent mildew control, SS was
selected for further testing.

Use of bicarbonates and oil for foliar
disease control. Na and K bicarbonates
at 1% reduced powdery mildew 63.1 and
48.1%, respectively, 1 day after treatment
(Table 2). NH4HCO; alone had no effect
after 1 day. When Na and K bicarbonates
were combined with SS at 0.5%, they
were the most effective treatments in
controlling powdery mildew (6.1 and
5.9%, respectively), with the inhibitory
effect lasting for 10 days. SS alone also
reduced mildew over the 10-day period
but was not as effective as the com-
binations. Because these readings were
based upon visual assessment, with lesion
area reflecting previous damage and
possible new mildew growth, the exper-
iment was repeated with the same rates
and combinations of materials, with
lesion appearance assessed visually, with
a hand lens, and microscopically. The
order of control remained the same, with
KHCO; performing slightly better than
NaHCO; and superiorly to NH;HCO;.
Microscopic observations of S. fuliginea
revealed the presence of conidia and
conidiophores 2 days after treatment
with either water or NH,;HCO; (Fig. la),
a limited number of conidia 6 days after

treatment with NaHCO,, and no conidia
or conidiophores on tissue 10 days after
treatment with KHCO, (Fig. 1b). With
this treatment, the mycelia appeared in
compressed mats and were not of
uniform thickness.

Control of U. cucurbitae, P. cucur-
bitacearum, and A. cucumerina was
better when the treatments were applied
before inoculation, but the differences
were not always statistically significant
(Table 3). Control of A. cucumerina was
significantly better when Na and NH,
bicarbonates were used either alone or
in combination with SS. NH,;HCO; +
SS also provided significantly better
control of U. cucurbitae and P. cucur-
bitacearum. Overall, NH;HCO,; + SS
performed slightly better than the other
bicarbonates.

In vitro studies. Bicarbonates inhibited
the growth of all four pathogens tested
on WA. NH,HCO; was only slightly
more inhibitory than NaHCO,; at the
three concentrations, but it was sig-
nificantly more effective than KHCO, at
0.5% (Table 4). Only a limited amount
of sporulation was observed in the
cultures of A. cucumerina and U. cucur-
bitae when grown in WA with 2% bicar-
bonates. Of the three chlorides tested,
NH,CIl was most similar to NaHCO; and
KHCO; in its inhibiting ability. KCI was
least inhibitory at all concentrations.

Phytotoxicity. Phytotoxicity in the
form of beige necrotic areas was noted
on powdery mildew-infected pumpkin
leaves treated with 1% and higher
concentrations of KHCO; (Fig. 2a). A
few beige necrotic spots appeared on
infected leaves treated with the higher
concentrations (2.5 and 5.0%) of
NaHCO; and NH4HCO,. Tests with
cucumber cotyledons also showed that

Table 2. Effect of bicarbonates alone and in combination with SunSpray Ultra-Fine Spray
Oil (SS) on visual appearance of powdery mildew (Sphaerotheca fuliginea)-infected Spirit

pumpkins in the greenhouse

Leaf area covered with powdery mildew (%)

Days after treatment

Treatment 1 4 7 10 Phytotoxicity”
NaHCO;, 2% 18.4 b’ 18.6 bc 203 b 238b +
NaHCO;, 1% 63.1 b 70.1 a 8l4a 9l.1a =
NaHCO;, 0.5% 90.3 a 89.5a 849 a 909 a =
NaHCO,; + SS,

both 0.5% 21d 23¢ 26¢ 6.1c -
KHCO,, 2% 52¢ 6.0c 83b 11.2b +
KHCO,, 1% 48.1 b 51.3 ab 724 a 836 a -
KHCO;, 0.5% 87.0 a 90.7 a 9l.1a 95.0 a s
KHCO, + SS,

both 0.5% 2lc 26¢ 30b 59¢ =
NH4HCO;, 2% 91.1 a 91.8a 90.3 a 95.1 a -
NH,HCO;, 1% 90.4 a 89.5a 94.1 a 938 a =
NH4HCO;, 0.5% 927 a 90.7 a 93.6a 96.1 a —
NH,HCO, + SS,

both 0.5% 11.8b 2110 447 b 61.6 ab =
SS, 0.5% 9.1b 16.8 be 310 b 47.6 ab -
¥+ = Necrotic spots on diseased leaves only (none on healthy tissue); — = no necrotic spots.

“Values in each column followed by the same letter do not differ significantly according to

Duncan's multiple range test at P = 0.05.

phytotoxic symptoms were related to the
concentration of the bicarbonate used;
the higher the concentration, the greater
the injury. In general, punctured coty-
ledons were more sensitive to the bicar-
bonate treatments than nonpunctured
cotyledons (Fig. 2b). At the 5% concen-
tration, all of the cotyledons, whether
punctured or not, showed maximum
injury (rated 3). The 2.5 and 1.25%
KHCO, solutions still caused damage
(rated 3 and 2, respectively) with or with-
out punctures, while NaHCO; and
NH;HCO; showed less phytotoxicity
(rated 2 and I, respectively), and only
on punctured tissue at these concen-
trations. At 0.5% no injury appeared with
any of the treatments. When bicarbonate
solutions were atomized onto cucumber
cotyledons instead of being applied as
droplets, no phytotoxicity occurred.

DISCUSSION

Film-forming polymers have been
widely reported to provide protection
against many foliar pathogens, including
both obligate and facultative parasites
(4,5,10,21,24). In previous studies Vapor
Gard, Bio-Film, and Masbrane have
shown activity against powdery mildew
when applied prior to inoculation (4,5).
In the present study, SunSpray provided
the most consistent control of powdery
mildew, suppressing mildew on the ad-

Fig. 1. Light micrograph of Sphaerotheca
fuliginea on the upper leaf surface of powdery
mildew-infected Spirit pumpkin leaves 6 days
after bicarbonate treatments: (A) Conidia
present on 0.59; NH,HCO, and control
treatments. (B) Compressed mycelia but no
sporulation after 0.5¢% KHCO, treatment.
Scale bar = 100 pm.
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Table 3. Effect of bicarbonates with and without SunSpray Ultra-Fine Spray Oil (SS) on the
incidence of Ulocladium leaf spot, gummy stem blight, and Alternaria leaf blight in the greenhouse

Disease incidence™
Disease and pathogen"” Treatment” Preinoculation® Postinoculation’
Ulocladium leaf spot Control 69 a* 78 a
(U. cucurbitae) SS 42 a 53a
NaHCO, 34 ab 67 a
NaHCO, + SS 28 ab 43 a
NH,HCO, 35 ab 58 a
NH4HCO, + SS 11b 42 a
KHCO, 41 ab 70 a
KHCO, + SS 37 ab 54 a
Gummy stem blight Control 78 a 8la
(Phoma cucurbitacearum) SS 26 b 49 ab
NaHCO, I8 b 51 ab
NaHCO; + SS 10 be 30 ab
NHHCO, 11 be 22b
NH,HCO, + SS dc 16 b
KHCO, 21b 58 ab
KHCO, + SS 18 b 61 ab
Alternaria leaf blight Control 139 a 153 a
(A. cucumerina) SS 23 be 80 b
NaHCO, 7¢c 68 b
NaHCO, + SS 5S¢ 74 b
NH,HCO, Tc 62 b
NHHCO; + SS S5c 69 b
KHCO, 11 be 89 b
KHCO, + SS 6¢ 82b

“Dasher 1l cucumber plants were inoculated with U. cucurbitae; Saticoy muskmelon was
inoculated with P. cucurbitacearum and A. cucumerina.

*All concentrations at 195,

“For Ulocladium leaf spot and Alternaria leaf blight, number of lesions per leaf; for gummy
stem blight, leaf area affected (%).

*Plants were treated 2 hr before inoculation.

YPlants were treated 24 hr after inoculation and incubation.

“Numbers in each column followed by the same letter do not differ significantly according
to Duncan’s multiple range test at P = 0.05.

Table 4. Effect of sodium, potassium, and ammonium bicarbonates and chlorides on the growth
of four cucurbit pathogens on water agar”

Colony diameter (cm)
Bicarbonate or chloride concentration (%)
Pathogen Treatment 0 0.5 1.0 2.0
Phoma cucurbitacearum NaHCO, 52a 03c¢ 03c 02c¢
KHCO, 5.2 1.8b 1.4 be 1.2b
NH,HCO, 5.2 02c 0.2¢ 0.lc
NaCl 50a 4.0 a j3ab 2.8 ab
KCl 5.0 5.1a 44 a 37a
NH,CI 5.0 3.0 ab 21b 1.2b
Ulocladium cucurbitae NaHCO, 40a 20b 1.6 b 1.2 be
KHCO, 4.0 25b 1.9 ab 1.5b
NH,HCO, 4.0 03¢ 02¢ 02c
NaCl 4.] a 34a 26a 18b
KCl 4.1 39a 37a 34 a
NH,CI 4.1 2.6 ab 2.0 ab 1.5b
Alternaria cucumerina NaHCO, 46 a 05¢ 04c¢ 03c
KHCO, 4.6 12a 0.7 be 0.4c
NHHCO, 4.6 02¢ 02c 0.lc
NaCl 43 a 3lb 20b 1.4 b
KCl 4.3 3%a 3la 25a
NH,CI 43 1.8 be 1.2 be 0.6¢c
Colletotrichum orbiculare NaHCO, 33a 0.6¢ 04c 03c
KHCO;, 33 2.0 ab 1.1 be 0.6¢c
NH,HCO, 33 08¢ 0.6¢c 04c
NaCl 29a 25a 1.7b I.1b
KCl 2.9 27a 25a 24a
NH,CI 29 16b 1.0 be 0.6¢c

Cultures were grown on water agar at 22 C and 65% RH with 12 hr of light. Colony growth
was recorded on the 5th day of incubation.

*Numbers followed by the same letter for each column and each pathogen are not significantly
different according to Duncan's multiple range test at P = 0.05.
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axial surface for at least 7 days at 0.5%.
When used as a preinoculation treat-
ment, SunSpray also significantly re-
duced the development of gummy stem
blight and Alternaria leaf blight, but not
Ulocladium leaf spot. None of these
pathogens was as effectively controlled
with SunSpray as was powdery mildew.

Properties of coating materials that
govern deposition and retention on
leaves include droplet size, surface
tension, viscosity, and velocity of spray
application (3), and these properties vary
greatly among polymers. The main char-
acteristics of mineral oils, such as
SunSpray, are viscosities, unsulfonated
residues of 90-96%, APl (American
Petroleum Institute) gravity of 33-35,
and the presence of emulsifiers
(0.75-1.25% by volume) (19). These
properties provide for safe usage on var-
ious horticultural crops. Since oils are
protective in nature, their effectiveness
depends upon thoroughness of coverage.
When properly applied, oils can persist
on sprayed leaves for up to 10-14 days
(18). In the present study, the method
of application of SunSpray under green-
house conditions was not addressed, but
it appears to have been adequate.
However, previous studies suggest that
application techniques need to be
emphasized in future field performance
studies (19).

Controlling powdery mildew of
cucumber with NaHCO, has previously
been demonstrated (7). Sodium bicar-
bonate was found to inhibit S. fuliginea
on cucumber at various stages of
pathogen development (8). More
recently, KHCO; solutions at 800-1000
ppm were shown to reduce powdery

A

oe =@

CONTROL KHCO,
NaHCO, NH,HCO,

Fig. 2. Phytotoxicity of bicarbonates on
cucurbits: (A) Twelve 40-ul drops of 2% (w/v)
KHCO; were placed on powdery mildew-
infected (left) or healthy (right) leaves of Spirit
pumpkin. (B) Six 40-ul drops of three
bicarbonates at 2.5% (w/v) were placed on
nonpunctured (left) or punctured (right)
Dasher II cucumber cotyledons.



mildew by 95-100% on cucumber 3-4
days after treatment (6). Our studies have
shown that Na and K bicarbonates, but
not NH,HCO,;, are effective for mildew
control. Although the bicarbonates are
not effective as preventative treatments,
they do exhibit curative properties by
direct contact with the organism. Col-
lapse of hyphal walls and shrinkage of
conidia and conidiophores has been
observed (6). Although cucurbit powdery
mildew control was not achieved with
NH,4HCO:s, this material, especially when
combined with SunSpray, was slightly
more effective, although not signifi-
cantly, in most cases in controlling
Ulocladium leaf spot, gummy stem
blight, and Alternaria leaf blight.
NHHCO; plus oil was significantly
better than KHCO; plus oil for the
control of gummy stem blight. The fact
that the bicarbonates were more effective
when applied with SunSpray than when
sprayed alone may be related to the more
uniform coverage of leaves obtained
when the mixtures were applied. Another
possible explanation for achieving better
control with mixtures is the possible
additive effect of both materials.

Phytotoxicity of the bicarbonates
(especially KHCO;) was related to
solution concentration and, in part, to
the damaging effect of the curative action
of bicarbonates on powdery mildew. The
same reaction of cucumber cotyledons
to bicarbonates was shown on punctured
cotyledons. This suggests that some
means of entry is required for damage
to occur. Phytotoxicity only occurred
when high concentrations (1.25-5%)
were applied as coarse droplets. Since
no injury was noted when materials were
applied as atomized solutions at 0.5%
and control was still provided, the
problem of phytotoxicity can be avoided
by using low concentrations for either
field or greenhouse applications. Con-
centrations of NaHCO; as low as 0.063
M have been shown to control powdery
mildew on roses (9).

A comparison of the in vitro inhibitory
effect of Na, K, and NH, bicarbonates
to those of the chloride salts showed that
bicarbonates were much more effective,
with the NH," cation being the most
effective (Table 4). The anion HCO;~
was more inhibitory than Cl". Since in
vivo studies showed that Na and K bicar-
bonates were more effective than NH,,
the mode of action may differ for in vivo
and in vitro tests.

The possible mechanisms of the fun-
gicidal effects of bicarbonates and

inhibitory effect of coating polymers
need to be further studied. This is par-
ticularly important, since the combina-
tion of bicarbonates with SunSpray
provided excellent control of several
pathogens under greenhouse conditions.
In 1991 field tests we evaluated the effec-
tiveness of bicarbonates plus SunSpray
for powdery mildew control in pumpkins
(T. A. Zitter, unpublished). One obvious
limitation encountered was the lack of
control of cucurbit powdery mildew on
the abaxial surface with either SunSpray
or bicarbonates plus SunSpray. Also,
since both materials exhibit protective
activity, the treatments had to be applied
soon after disease appeared to provide
acceptable control. Improved applica-
tion technology to maximize deposition
of materials to both leaf surfaces and
field scouting to detect early disease
occurrence would help eliminate these
shortcomings. Applying the fungicides
benomyl, thiophanate-methyl, or tri-
adimefon on an alternating schedule with
bicarbonates and oil would provide the
necessary systemic activity for good
mildew control. Most pumpkin and
squash grown in the Northeast tend to
be in small fields, and growers are
reluctant to make major inputs for
disease control. A combined program of
bicarbonates and oil plus timely appli-
cation of conventional fungicides should
be more cost-effective and may lessen the
development of fungicide resistance
during the season.
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