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Abstract Pear scab, caused by Venturia pirina, is the most
significant pear disease, causing economic losses in many
pear production areas. In organic pear growing, scab con-
trol is based on the protective use of copper, or sometimes
wettable sulphur. As the use of copper is subject to Euro-
pean restrictions and wettable sulphur has some phytotoxic
effects on the main cultivated cultivars, new control
strategies are needed. The aim of this study was to deter-
mine, under controlled conditions, the preventive and
curative action and the rainfastness of such new fungicide
formulations available for organic pear farming. The study
shows that protective applications, at 300 degree-hours
(DH) before inoculation, of copper hydroxide (0.1%),
wettable sulphur (1%), lime sulphur (2%) and potassium
bicarbonate (1%) significantly reduced pear scab severity
with more than 96% effectiveness. On susceptible culti-
vars, under high scab pressure, lime sulphur, wettable sul-
phur and potassium bicarbonate are still effective for pear
scab control until 300 DH after inoculation. From 300 to
650 DH after inoculation, effectiveness decreases gradually
for all formulations, but lime sulphur still remains the most
effective. However, with two successive applications, at
300 and 650 DH after inoculation, the second application
did not provide a significant increase in protection. In
addition, lime sulphur revealed a high resistance to rain
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compared to copper, wettable sulphur and bicarbonates,
providing effective scab control and rainfastness after a
simulation of 30 mm of rain. At the doses tested, no phy-
totoxic effect was visible for any of the compounds. Phy-
totoxic effect appears with wettable sulphur and potassium
bicarbonate used at 2%. The potential and limitations of
protection strategies against pear scab in organic farming
are discussed.

Keywords Curative fungicide - Lime sulphur - Organic
farming - Pear scab - Potassium bicarbonate - Rainfastness

Introduction

In Belgium and the Netherlands, pear growing is still
gaining in importance, and nearly 50% of the top fruit
area in these countries is planted with pears. The ‘Con-
ference’ cultivar (cv) is by far the most important cul-
tivar grown. Pear scab, caused by Venturia pirina, is the
most significant pear disease, causing economic losses in
many pear production areas. Its significance is indicated
by the fact that up to 15-20 fungicide treatments per
season are applied, mostly to control scab. With modern,
integrated disease control strategies the number of
treatments could be reduced to 4-7 applications, using
curative fungicides after conditions for scab infections
are fulfilled [1, 25, 39, 40]. Simulation models based on
weather data reliably predict infection periods, but the
success of these control strategies strongly depends on
the availability of efficient curative fungicides. In inte-
grated pest management production, several chemical
fungicides were used until both V. pirina and V. inae-
qualis developed resistances against these active com-
pounds [4, 14, 17-19, 26, 30].
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In organic pear growing, protective sprays with copper,
sulphur or lime sulphur are usually used for pear scab
control. But protective sprays have to be repeated when
new leaves unfold, and protective spray schemes depend on
the accuracy of weather forecasting methods. Moreover,
cv. ‘Conference’, the main cultivar cultivated in Belgium,
is susceptible to wettable sulphur compounds, the leaf and
fruit phytotoxic impacts of which make them less usable.
Fruit russeting resulting from copper applications as well
as European restrictions on copper use also create the need
for alternative products for pear scab control. In order to
improve the efficacy of treatment timing, organic growers
started to apply lime sulphur during the period when the
fungus needs to germinate on the leaf surface [13], Kunz
and Hinze [21]. The germination period lasts 8—40 h,
depending largely on the temperature and the wetting
periods, and fungicide applications have to be performed
just after rainfall on wet or drying leaves. Through the use
of curative control agents, which could be applied after the
fungus has established its primary stroma under the cuticle,
protective treatments could be avoided and the time span
for the application after germination could be prolonged.

Lime sulphur has already been shown to be useful as a
curative application for apple scab control [10, 28], but has
sometimes also shown phytotoxic effects. In several trials
under controlled and field conditions, potassium bicar-
bonate has been demonstrated as an effective control agent
against apple scab, including curative action in some cases
[12, 13, 21, 32, 42]. Unfortunately, similar studies focusing
on pear scab are seldom performed.

The phytosanitary products usually used against fungus
in organic farming are mainly contact fungicides, acting
on the upper leaf surfaces, and are not likely to be sys-
temic or curative. They are therefore easily washed off by
small amounts of rain. Today, there is a lack of quanti-
tative information regarding the behaviour of alternative
fungicides and the levels required to fully protect the pear
trees against scab [35]. Usually, for copper and sulphur
compounds, 20 mm of precipitation is the threshold rec-
ommended by commercial companies before the treat-
ment application has to be renewed. A general rule of
thumb that is often used is that 5 mm of rain removes
about 50% of the protectant fungicide residue and over
5 mm of rain will remove most of the spray residue
[21, 22]. However, newer ‘“sticky” formulations and
fungicides applied with spreader stickers may be more
resistant to wash-off by rain. Also, fungicides and for-
mulations differ a lot in their ability to adhere to plant
surfaces. Therefore, research is needed to describe the
effect of rain on wash-off for specific products.

Most rainfastness studies have focused on synthetic
fungicides [2, 7, 8, 31, 34, 35, 38, 45, 46]. While the main
inorganic fungicides have been used for a long time, very
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few studies have focused on their rainfastness
[9, 29, 33, 41, 44]. These studies are restricted to copper
and have never focused on pear trees, although consider-
able differences in the upper leaf surface characteristics
and the retention or rainfastness of the contact fungicides
were found among species [5, 8].

It is therefore of great interest to organic pear growers
to gain a better understanding of (i) the curative effect of
preparations for pear scab control and (ii) the rainfast-
ness of available inorganic products with regard to pear
leaves.

The aim of this study was to give answers to such
questions by testing under controlled conditions various
new fungicide formulations available for organic pear
farming, with a view to adapting the timing of treatment
applications and reducing the amount of fungicide appli-
cations according to the climatic conditions.

Materials and methods
Plant material

As cv. Conference fruits contain very few useful seeds
suitable for seedling productions, experiments were carried
out on pear seedlings from trees of cv. ‘Doyenné du
Comice’ pollinated with cv. Conference, which is charac-
terised by a high susceptibility to scab. After dry storage,
the seeds were stratified in moist peat at 2 °C for
80-90 days. The pear seeds were raised in commercial
potting soil mixture under greenhouse conditions at
18 £ 2 °C and 80% relative humidity in a 12-h light
regime. Six-week-old plants at the six-leaf stage were used
for the experiment.

Controlled inoculation

A mixture of strains of Venturia pirina isolated from newly
infected fruits and leaves from unsprayed orchards of
various cultivars in central Belgium was used for the
experiments. The inoculum was prepared as described by
Szkolnick [36]. For infection experiments, conidia were
collected in distilled water and the suspension was adjusted
to 1.5 x 10° living conidia ml™', using a hemocytometer.
Seedling inoculations were carried out with an automatic
bench sprayer machine in the laboratory. The conidial
suspension was sprayed at the ‘just before run-off” stage.
Immediately after inoculation, the plants were incubated in
a dew chamber at 100% relative humidity for 48 h at 18 °C
to provide optimal infection conditions. The treatments
were randomised within the mist chamber in a complete
block design.
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Fungicide application

The chemicals tested included wettable sulphur (Thiovit jet,
80%, Syngenta Agro, Saint Cyr I’Ecole Cedex, France),
copper hydroxide (Ko-Plus 40, 40%, Dupont, Wilmington,
Delaware, USA), lime sulphur (Curatio®, calcium poly-
sulphide, 23% of elemental sulphur, Biofa AG, Miinsingen,
Germany), and potassium bicarbonate (Armicarb APC-
09CD, 85%, Helena Chemical Company, Collierville, TN,
USA). Armicarb is registered in Belgium and labelled as a
biocompatible fungicide. The five treatments in both
experiments were as follows: (1) water control as untreated
control, (2) 1% potassium bicarbonate from Armicarb, (3)
1% sulphur from wettable sulphur, (4) 2% lime sulphur
(corresponding to 0.5% sulphur from lime sulphur), (5)
0.1% copper from the hydroxide form. A single spray of
fungicide was applied to young pear seedlings, with a hand
sprayer machine in the laboratory. The volume of treatment
was defined to ensure as many droplets as possible on the
leaf while avoiding run-off (‘just before run-off”). Thanks to
this technique, the volume of treatments applied to seed-
lings was nearly the same for each experimental object.

Artificial rainfall simulation

Rainwater was used to simulate natural rainfall with a
laboratory rain simulator (RS-100, Department of Agri-
cultural Engineering, Walloon Agricultural Research Cen-
tre, Gembloux, 1997). The RS-100 rain simulator (length
4.0 m; width 1.4 m; height 2.0 m), with a useful area of
1.8 m* (3.0 m x 0.6 m), is equipped with two individually
controlled flat-fan nozzles fixed to a mobile horizontal bar.
A bench moves the plants very slowly below the nozzles.
Rain intensities are achieved by combining nozzle types,
water pressure at the nozzles, the interval between bench
movements and the movement speed of the bench sup-
porting the plants. The homogeneity of the rainfall was
evaluated in the RS-100 testing phases by placing several
rain gauges in the effective area. Furthermore, monitoring
was performed during the experiments by placing three rain
gauges, randomised between the plants. Due to the large
distance between the nozzles and plants (0.8 m), the rain-
drops hit the plant surfaces at a nearly vertical angle. Pre-
cipitation was simulated at heavy rain intensity (8 mm/h),
with a medium droplet volume diameter of 500 pm. The
volume and duration of rain varied according to the
objective of the experiment, as described below.

Effect of treatment timing on chemicals’
effectiveness for pear scab control

In a first set of experiments, plants were sprayed once up to
just before run-off with a freshly prepared solution of

wettable sulphur, copper hydroxide, lime sulphur or
potassium bicarbonate. The seedling treatments, inocula-
tion and incubation were carried out as described above.
The experiment was conducted in a controlled climate
greenhouse at 18 °C. The treatment timings, defined as the
number of hours multiplied by the mean temperature in
degrees Celsius (degree-hours or DH) between the onset of
the inoculation and the time of application, were 300 DH
before the inoculation or 300 and 650 DH after the inoc-
ulation. In one case, treatments were applied twice, at 300
and 650 DH after inoculation. The experimental design
included 45 plants (3 replicates of 15 seedlings) per treat-
ment x timing; 900 plants were therefore used for the
experiment. Disease incidence and severity were assessed
as described below.

Effect of simulated rainfall on chemicals’
effectiveness for pear scab control

In a second set of experiments, freshly prepared aqueous
solutions containing chemicals were sprayed once onto the
upper surface of pear seedling leaves 18 h before artificial
rain applications. The drying time of the fungicide deposit
was therefore 18 h (T = 20 °C, RH = 70%). “Water-
treated samples were used as the control”. With the
objective of evaluating the influence of rain quantity at the
same rain intensity (8 mm/h), pear seedlings were sub-
jected to 5, 10, 15, 20, 25 and 30 mm of simulated rain
during 0.6, 1.2, 1.8, 2.4, 3.0 and 3.6 h, respectively.
Treated seedlings that were not exposed to rain served as a
control (0 mm rain). Rainwater was used to simulate nat-
ural rainfall with the laboratory rain simulator. After rain
exposure, plants were returned to the growth chamber
(T =20 °C, RH = 70%) for 3 h, so that leaf surfaces
could dry before the seedlings were used for artificial
inoculation. The artificial inoculation was scheduled for
completion 24 h after the protective treatments. After
treatment, the plants were incubated for 48 h in a dew
chamber at 100% relative humidity. They were then placed
on greenhouse benches at 18 °C and 80% relative humidity
for 3 weeks to promote plant and disease development.
There were 45 plants (3 replicates of 15 seedlings) per
treatment X rain; 1575 plants were therefore used for the
experiment. Disease incidence (proportion of infected
leaves) and severity (leaf area infected) were assessed
21 days after inoculation by examining five sprayed leaves
per seedling [23].

Conidia production and conidia germination rates
Conidia production was measured by adding a wet agar

disc (4 mm in diameter) to the leaves approximately at the
centre of the scab symptoms (4 weeks after inoculation) for

@ Springer



J Plant Dis Prot

2 s. Discs were then placed in the dark at 20 °C and 100%
RH for 36 h. After this, the total observed and germinated
conidia were counted accurately under a light microscope
(100x magnification sight). The relative rate of conidia
production (%) was calculated by the following formula:
(treated disc result/untreated disc result) x 100. The rela-
tive rate of conidia germination (%) was calculated by the
same formula as above. The experiment was repeated six
times for each treatment and timing.

Phytotoxicity study

In this experiment, solutions of the previously mentioned
chemicals were sprayed at 50, 100 and 200% of the con-
centration described above. Each solution was applied with
the bench sprayer machine in the laboratory to the upper
surface of 40 healthy seedlings until just before run-off. The
plants were 5 weeks old at the time of treatment. Visible leaf
phytotoxicity (necrotic area) was recorded on the 10th day
after treatment. As phytotoxicity on cv. Conference occurs
on leaves and fruits, the experiment on seedling leaves has
extended value. A qualitative assessment was conducted on
the third and fourth leaf of each seedling. Leaf phytotoxicity
was scored using the following assessment scale: —, no
damage; +, 0-2%; ++, 2-5%; +++, 5-20%; and ++++,
>20% of the leaf surface damaged.

Experimental design and data analysis

Each greenhouse experiment was arranged in a completely
randomised split-plot design with six replicates of 15
seedlings for each treatment x variable ‘rain quantity’ or
‘timing DH’. Each complete experiment was repeated
twice to verify the repeatability of the results. The per-
centage data were transformed into arcsine angles before
performing an analysis of variance. The data were analysed
using statistical SAS software, and the Student-Newman—
Keuls test was applied as a mean variance analysis. The
mean and standard error of the mean for each treatment are
given in the figures. All statistical analysis was conducted
at a significance level of p < 0.05. The Student—-Newman—
Keuls multiple range test at p < 0.05 was used to establish
the differences among treatments.

Results

Effect of treatment timing on chemicals’
effectiveness

Artificial inoculation provided heavy disease pressure, as

revealed by the high scab infection rates recorded in the
untreated controls in both experiments (Figs. 1, 2 and 3).

@ Springer

Protective applications of wettable sulphur (1%), lime sulphur
(2%) and copper hydroxide (0.1%) significantly reduced pear
scab incidence (proportion of infected leaves) and severity
(leaf area infected), with 92-98% effectiveness. Protective
applications of potassium bicarbonate (1%) reduced scab
incidence and severity by 82 and 84%, respectively (Fig. 1).
Applications of lime sulphur at 300 degree-hours (DH) after
inoculation controlled pear scab severity with 99% effec-
tiveness, but under curative applications at 650 DH, lime
sulphur effectiveness was reduced to 70% (Fig. 1). Applica-
tions of copper hydroxide after inoculation were less effective
than wettable sulphur and potassium bicarbonate. Potassium
bicarbonate reduced scab severity by 72 and 50% at 300 and
650 DH respectively. Two applications after inoculation, at
300 and 650 DH, slightly enhanced the effectiveness of
wettable sulphur and potassium bicarbonate.

Effect of simulated rainfall on chemicals’
effectiveness

This study showed a great difference of retention between
formulations. Among sulphur formulations, lime sulphur
showed significantly higher pear scab control in comparison
with wettable sulphur formulations whatever the rainfall
application rate (Figs. 2 and 3). This indicates that the
adhesion capacity of the wettable sulphur formulation was
lower than lime sulphur, since both formulations have the
same effectiveness under protective applications (Fig. 1).
After 30 mm of rainfall, lime sulphur showed better beha-
viour, showing 85 and 92% effectiveness for scab incidence
and scab severity control, respectively. The artificial rain-
falls of 5 mm were sufficient to reduce significantly the
scab control effectiveness of copper and wettable sulphur.
However, after 30 mm of rainfall, copper and sulphur
controlled scab severity with 64 and 75% effectiveness,
respectively. Concerning potassium bicarbonate, 5 mm of
artificial rainfall was sufficient to reduce significantly the
control of scab incidence and severity, from 85 and 92% to
32 and 60% effectiveness rates, respectively.

Conidia production and conidia germination rates

The relative rates of conidia production and conidia ger-
mination of pear scab were significantly affected by treat-
ments and timing (Table 1). The rates of conidia
production and conidia germination were 0% for lime
sulphur applied at 300 DH after inoculation in comparison
with the untreated control (100%). When lime sulphur was
applied at 650 DH, the rates of conidia production and
conidia germination were about 29 and 90%, respectively,
in comparison with the untreated control (100%). Potas-
sium bicarbonate applied at 300 DH reduced the rate of
conidia production by about 70%, but not the conidia



J Plant Dis Prot

Fig. 1 Influence of application 100 | = = o =
timing (—300, 300, 650,
350 + 650 degree-hours in
relation to inoculation) on pear = 80 T By
.. . X
scab leaf incidence and severity. -
Pear seedlings were treated with 2 60 0 Untreated control
a spray solution of sulphur 1%, 3 O Copper hydroxide
lime sulphur 2%, copper 0.1% S 40
or potassium bicarbonate 1%. a @ Wettable sulphur
The different formulations were § | Potassium bicarbonate
sprayed until just before run-off 20 T B Lime sulphur
on the upper surface leaf.
Vertical bars represent the 0
standard error (n = 6) ‘
- 300 300 650 300 + 650
Application timing : degree-hours vs inoculation
60
50 {L T T
s I i
—~ 40 - T
F *f O Untreated control
o .
§ 30 {» ‘} O Copper hydroxide
o @ Wettable sulphur
S 20 —
n B Potassium bicarbonate
10 | erj T M Lime sulphur
0 J%i* |
- 300 300 650 300 + 650
Application timing : degree-hours vs inoculation
80 T T T T
3
] 60 _A -e-Untreated control
% -B-Potassium bicarbonate
£ / -#-Copper hydroxide
| 40 - -B-Wettable sulphur
3 | | P
? %-Lime sulphur
©
@ 207
'y X %
* k %
0 - T
0 5 10 15 20 25 30

Applied rain on seedlings (mm)

Fig. 2 Influence of applied rain volume (0, 5, 10, 15, 20, 25, 30 mm)
on pear scab leaf incidence (proportion of infected leaves) treated
with a single foliar spray solution of sulphur 1%, lime sulphur 2%,
copper 0.1%, potassium bicarbonate 1%. The different formulations

germination rate. If the treatment was delayed to 650 DH,
the rate of conidia production was reduced by only 18% in
comparison with the untreated control. Treatment with
wettable sulphur or copper hydroxide significantly reduced
the rate of conidia production but not the rate of conidia
germination.

were sprayed until just before run-off on the upper surface of each
leaf, 18 h before the applied rain and 24 h before inoculation. Vertical
bars represent the standard error (n = 6)

Phytotoxicity study

With all the treatments, at low concentration rates no
damage at all was observed on young leaves (Table 2). A
few beige necrotic spots appeared on leaves treated with
wettable sulphur at concentrations of 2%. Phytotoxicity in
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Fig. 3 Influence of applied rain volume (0, 5, 10, 15, 20, 25, 30 mm)
on pear scab leaf severity (leaf area infected) treated with a single
foliar spray solutions of sulphur 1%, lime sulphur 2%, copper 0.1% or
potassium bicarbonate 1%. The different formulations were sprayed

25 30

until just before run-off on the upper surface of each leaf, 18 h before
the applied rain and 24 h before inoculation. Vertical bars represent
the standard error (n = 6)

Table 1 Relative rate of conidia production and conidia germination of pear scab symptoms

Application timing Treatment Application rate of Relative rate of conidia Relative rate of conidia
(DH after inoculation) active ingredient (%) production (%)* germination (%)
300 Lime sulphur 2.0 0.0 (0.0)a 0.0 (0.0)a
Potassium bicarbonate 1.0 29.5 (5.3)b 98.2 (2.5)b
Wettable sulphur 1.0 69.8 (11.0)c 84.4 (6.1)b
Copper hydroxide 0.1 84.6 (8.1)c 89.8 (6.5)b
Untreated control - 100.0 (6.9)d 100.0 (8.2)b
650 Lime sulphur 2.0 29.2 (4.8)a 90.1 (4.8)a
Potassium bicarbonate 1.0 81.9 (9.4)b 97.8 (1.8)a
Wettable sulphur 1.0 74. (5.1)b 89.2 (4.9)a
Copper hydroxide 0.1 71.1 (13.6)b 89.1 (4.2)a
Untreated control - 100.0 (7.2)c 100.0 (7.5)a

* Figures in brackets indicate the standard error of the mean (n = 6). Values in column within the same timing followed by the same letter do not

differ significantly

the form of beige to light brownish necrotic areas was
noted on healthy pear leaves treated with 2% potassium
bicarbonate. Tests with 6-week-old pear seedlings there-
fore showed that phytotoxicity symptoms were related to
the concentration of the bicarbonate salts used. No leaf
phytotoxicity appeared either with copper hydroxide or
with lime sulphur at any concentration.

Discussion

Scab is one of the key parasites in pome fruit growing. The
importance of pear scab is amplified by the fact that it does
not only infect fruits and leaves, but also young twig surfaces
as well. The presence of twig scab represents a major prob-
lem, especially in organic pear growing, as fruit growers lack
sufficient measures to control the disease. In organic pear
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growing, scab control is based on the protective use of copper
or sometimes wettable sulphur. As the use of copper is subject
to European restrictions and wettable sulphur is very often
phytotoxic for the main cultivated cultivars in Belgium and
the Netherlands, new alternative control strategies are needed
in organic farming. Until now, most research concerning scab
disease has been performed on apples and as such, the disease
management of pear scab is based on experience with apples.
However, it seems likely that the timing of fungicide appli-
cation for pear scab control could be enhanced and that less
fungicide spraying may be needed to control pear scab than
usually occurs at present [43].

Exactly where does the inflection point lie between
protective and curative application for pear scab control?
Today, this question is still open. Within the range of
fungicides developed, Szkolnick [36] established two main
times for treatment application based on fungicidal
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Table 2 Phytotoxicity of four chemicals on pear seedlings under greenhouse conditions

Treatments Active ingredient dose (%) Phytotoxicity Active ingredient dose (%) Phytotoxicity
Copper hydroxide 0.1 - 0.2 -

Wettable sulphur 1.0 - 2.0 +

Potassium bicarbonate 1.0 - 2.0 +++

Lime sulphur 2.0 - 4.0 -

Phytotoxicity was recorded on the 12th day after treatment on healthy leaves of 5-week-old seedlings. A qualitative assessment was conducted on
the third and fourth leaves of each seedling. —, no damage, +, 0-2%, ++, 2-5%, +++, 5-20% of the leaf damaged

efficacy: the first is ‘protective’, i.e., before infection using
contact fungicides, while the second one is ‘curative’, i.e.,
after infection using systemic fungicides. The revised Mills
criteria for predicting apple scab infection periods [24, 27]
define the relationship between temperature and the mini-
mum hours of continuous leaf wetness needed to ensure
infection by ascospore of Venturia inaequalis. However,
this relationship does not define when the infection (in the
sense of penetration into the leaf) occurs or when the
contact fungicide does not work. In a previous 2-year field
study, the mixing of wettable sulphur and copper, two
contact fungicides, was very effective for apple scab con-
trol under a treatment scheme timed from 125 degree-hours
(DH) to 300 DH after the rainfall during which infection
occurs [13]. It could mean that the scab infection process in
apple ends after this period.

As shown in the present study, lime sulphur is very
effective for pear scab control from 300 DH before inoc-
ulation to 300 DH after inoculation. From 300 to 650 DH
after inoculation, its effectiveness gradually decreases, but
it still remains partially effective.

This means that lime sulphur’s properties allow it to be
used up to 650 DH after ascospore inoculation (the artifi-
cial inoculation simulates the start of a rainfall during
which infection occurs) even though its activity decreases
slowly from 300 to 650 DH. To reach 650 DH requires
about 36 h at 18 °C. Lime sulphur treatment applied at 650
DH provides a very significant reduction of the conidia
production rate, while earlier application of lime sulphur, at
around 300 DH, can reduce the rate to almost 0%. Lime
sulphur could therefore be very useful after rainfall during
which infection occurs, during primary high infection risk
periods in spring, when preventive application could not
provide sufficient protection. To simulate practical situa-
tions where growers in heavy infection periods often
receive advice to spray twice for effective prevention of
infection in the orchard, this study also included treatments
with two successive applications, at 300 and 650 DH after
inoculation. However, the experiment shows that the sec-
ond application did not provide a significant increase in
protection.

Furthermore, lime sulphur revealed a higher resistance to
rainfall due to its strong past effect. Good rainfastness and
scab control were achieved in this study when up to 30 mm
of water was applied after treatment. As infection periods,
which usually occur during rainy periods, often include short
periods without rain, the retention of the active ingredient on
the leaves is of prime importance. Such results show that in
practice, sprays of lime sulphur could be applied either
before ascospore releases (before the onset of rain) or after
ascospore releases, during the germination period from O to
300 DH or also curatively, from 300 to 600 DH after the onset
of rain. These specific applications could be less difficult to
schedule, as the time frame for the application is longer than
other contact fungicides, given that in most cases applica-
tions have to be made just after rainfall.

Finally, lime sulphur seems to have less phytotoxic
effects on pear leaves than wettable sulphur. However, the
use of lime sulphur for pear scab control should be limited
since (i) phytotoxicity in the case of intensive use on apple
trees has previously been reported [10] and (ii) side effects
on beneficial arthropods have been reported [3, 13]. Phy-
totoxic effects on fruits still have to be evaluated, although
slight fruit russeting on cv. Conference is well accepted in
the organic market.

The effectiveness of bicarbonate salts in controlling
apple scab, as reported in previous studies [12], suggests
that this simple compound acts as a contact fungicide and is
not likely to be systemic. The curative activity of potas-
sium bicarbonate, as recorded in this study, gives growers
the opportunity to replace lime sulphur in some situations.
From the present trials, it was concluded that bicarbonate
has a fungistatic activity and is most effective against pear
scab when it is applied during the germination process until
around 300 DH after the rainfall during which infection
occurs. However, a long-lasting effect of bicarbonates
cannot be expected. Bicarbonates are quickly converted
into ineffective compounds and are highly water soluble.
Our present results showed that they will be washed off
leaves by a small amount of precipitation. Frequent spray
applications are therefore required, determined by the
presence of ascospores in the orchards and the infection
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risk periods forecasted by modern local warning systems.
Effective application timing seems to play a key role.
Armicarb is formulated with a surfactant system that seems
to increase its coverage ability [12]. Bicarbonate ion con-
centrations in solution (the active part) are directly related
to the pH of that solution. Bicarbonates are ineffective
under acidic conditions because carbonic acid predomi-
nates in solutions below pH 6.5. H,COs is unstable and
converts into carbon dioxide and water. As the pH
increases to pH 8.5, the concentration of bicarbonate
increases. Above pH 8.5, bicarbonate concentration
decreases and the level of carbonate rises.

Curative applications of bicarbonates were found to be
effective in apple scab control [ 16, 42]. Curative applications
up to 432 DH after inoculation were reported to be effective
in apple scab control in greenhouse experiments [20].
Bicarbonates were most effective when used in combination
with wettable sulphur [6, 37, 42]. Potassium bicarbonate has
been found to display variable effectiveness in apple field
trials [11, 13, 15]. This could be explained by the difference
between the formulations used, the instability of bicarbon-
ates or rainfastness or by the fact that the timing of appli-
cation has a considerable impact on the efficacy. Several
studies show that application during germination process is
more effective [13, 42]. Various bicarbonate formulations
have shown a higher curative action than lime sulphur [21],
although lime sulphur is the only fungicide widely used in
organic growing for curative control of apple scab [10].

Bicarbonates could increase apple fruit russet, which
indicates that bicarbonates should not be used during
bloom and 4 weeks after bloom, but could be useful as
curative supplements for scab control before bloom and in
summer [21].

Knowledge of behaviour under different weather con-
ditions and in combination with different products should
be available for reliable recommendations to pear growers.
Further research is necessary to determine the practical
effectiveness of sulphur and copper compounds as well as
bicarbonate salts under field conditions in experimental
pear orchards.
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