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Simple Summary: Potassium bicarbonate is a mineral salt used as a fungicide on different crops,
such as pears. Recently, it has also appeared to have some insecticidal activity against arthropod
pests. Pear orchards are usually infested by Cacopsylla pyri that cause serious losses. Chemical
pesticides (such as spirotetramat) are still cornerstone methods to control this pest, but are soon to
require substitution by more environment-friendly products. For this reason, we tested the effects of
potassium bicarbonate, with or without an adjuvant, as compared to spirotetramat, on the reduction
of C. pyri juvenile forms in two field trials. The higher rate tested (7 kg ha−1) appeared more active
on the pest and did not show any phytotoxic effects on pear plants. Potassium bicarbonate could,
therefore, represent a viable product in the control of pear psylla and it might be usable in integrated
management strategies focused on other plant pathogens, such as Stemphylium vesicarium.

Abstract: In recent years, the control of pear psyllid in northern Italy has not been particularly
problematic, due to the presence of two insecticides (abamectin and spirotetramat) specifically for
this pest, and due to the adoption of integrated pest management. However, the withdrawal of
these two specific insecticides is imminent and, therefore, it has become necessary to find alternative
control tools. More recently, potassium bicarbonate, known for its fungistatic activity against many
phytopathogenic fungi, has also shown some activity against some insect pests. In the present study,
the efficacy and possible phytotoxicity of potassium bicarbonate were tested in two field trials on
second generation Cacopsylla pyri by spraying two different salt concentrations (5 and 7 kg ha−1), with
or without polyethylene glycol as an adjuvant. Spirotetramat was used as a commercial reference.
The results showed that potassium bicarbonate could positively control the number of juvenile forms
(with a mortality percentage of up to 89% at the infestation peak), even though spirotetramat was
still more effective. Therefore, potassium bicarbonate appears to be a sustainable integrated tool
for psyllid control, especially in the wake of the imminent withdrawal of spirotetramat and other
insecticides currently used on this pest.

Keywords: inorganic salts; field trial; pear psylla control; IPM; insecticide

1. Introduction

The pear psyllids (Hemiptera: Psylloidea: Cacopsylla) are small specialist insects sap-
feeding on pears. Their feeding habits cause russet on, and downgrading of, the fruit,
due to marking of the fruit by honeydew and sooty mold, premature leaf drop and tree
weakening in commercial pear orchards. Furthermore, they are vectors for a specific pear
disease called “pear decline”, caused by the phytoplasma Candidatus Phytoplasma pyri.
The economic loss caused by pear psyllids increased noticeably after the second World War
because of intensive pear cultivation, use of synthetic pesticides in orchards, and pesticide
resistance. Among the most harmful and widespread species are the following: Cacopsylla
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chinensis (Yang and Li), present in the Far East and especially in China; Cacopsylla bidens
(Šulc) in the Middle East and introduced into Latin America; Cacopsylla pyricola (Foerster),
widespread in northern Europe and introduced into North America; Cacopsylla pyri L.,
mostly present in southern Europe and uniquely present in the pear orchards of Italy [1]. In
this country, and in particular in the Emilia-Romagna region (northern Italy), over the past
two decades, C. pyri has generally caused less damage to pear orchards thanks to successful
integrated pest management programs (IPMs). These programs are based on the use of a
limited number of specific pesticides, such as abamectin and spirotetramat [2,3], unlike in
many other pear growing areas, such as in the United States, where a higher number of
insecticides are used. Spirotetramat, the most recent to be introduced in Italy, is a tetramic
acid derivative [3], highly effective against C. pyri and representing a good alternative to
the older abamectin, introduced in 1996 [1,2].

Unfortunately, the European Union has confirmed the expiration of approval for
spirotetramat in 2024 [Regulation EU 2022/489], while the approval expiration date for
abamectin is under review [EU 2023/515]. The search for new sustainable insecticides to
control psyllids has been instigated by these regulatory developments. Further incentives
for the search arise from the fact that pear breeding has not yet been able to release Psylla-
resistant cultivars [4,5], and sexual pheromones-based strategies have not been developed
for this pest [6]. Furthermore, pear cultivation in Italy has undergone a significant decline in
terms of production due to a series of biotic stresses that have brought down this important
agricultural sector in northern Italy, the worst of these being the invasion of Halyomorpha
halys and the spread of brown spot, and Stemphylium vesicarium. Since 2018, the latter has
become more virulent, especially in the cultivar Abbè Fétel. To control brown spot, synthetic
fungicides are usually employed. Recently, an alternative strategy has been applied, based
on the use of mineral salts [7]. Among these, potassium bicarbonate is mostly known as
an inorganic fungicide (with fungistatic activity [8]), registered for use in agricultural and
greenhouse cropping systems for the control of various plant pathogens [9–13], including
S. vesicarium (S. Civolani, based on personal communication). Even though the effects of
this fungicide have not been properly evaluated against insect pests, some activity has been
observed in regard to citrus mealybug, Planococcus citri [14]. The aim of this study was to
test the efficacy of two different concentrations of potassium bicarbonate, applied with or
without adjuvant, against C. pyri in pear orchards, to assess it as a possible substitute for
the soon to be banned pesticides commonly used against C. pyri.

2. Materials and Methods
2.1. Insecticides

Potassium bicarbonate (85% SP) and Polyethylene glycol PEG 400 were supplied by
Ubuntu Gmbh, Baar, Switzerland, and Spirotetramat (Movento 48 SC), by Bayer Crop-
Science, Milan, Italy

2.2. Experimental Conditions

The efficacy of potassium bicarbonate in the control of the most aggressive generation
of C. pyri (the second generation, which is usually present in Italy in May) was evaluated
in two field trials, in 2021, in two different commercial pear orchards located in Ferrara
province (Emilia-Romagna Region, Italy). The first field trial was on cv. Abbè Fètèl with
vigorous shoots (GPS coordinates: 44.796163, 11.709860), and the second one was on
cv. Kaiser Alexander with very vigorous shoots (GPS coordinates: 44.465548, 11.360300).
The field trials were carried out according to Good Experimental Practice (GEP) and
following the EPPO/OEPP guidelines (https://archives.eppo.int/EPPOStandards/efficacy.
htm, accessed on 4 April 2021), based on protocol number PP 1/44 (2). The experimental
design was a randomized complete block (RCB) with four replications per treatment. In
the first trial, each plot measured 29.4 m2 (8.4 × 3.5 m, 7 trees), while in the second trial
each plot measured 22.75 m2 (7 × 3.25 m, 7 trees). Potassium bicarbonate was dissolved
in water at two concentrations (5 and 7 kg ha−1), with or without polyethylene glycol
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as the adjuvant (1 L ha−1). Spirotetramat was applied at 4.5 L ha−1, while polyethylene
glycol was applied at 1 L ha−1 alone as a further control. The untreated control plot was
not subjected to any spraying. The solutions were applied with an application volume of
1000 L ha−1 with a mist blower knapsack sprayer (Stihl sr 430). The applications in both
trials were performed on 14 May 2021, on the yellow eggs C. pyri stage, and were repeated
on 28 May 2021. The levels of pest infestation in the different treatments were assessed four
times weekly as the number of juvenile forms (the sum of neanids and nymphs per shoot,
which are the most damaging forms in pear orchards), on 10 pre-marked shoots per plot,
each homogenously populated with C. pyri eggs (chosen the day before the applications).
Meteorological data during the trial periods are depicted in Figure 1.
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Figure 1. Meteorological data during the field trials.

2.3. Statistical Analysis

The mean number of juvenile psylla per shoot (neanids and nymphs taken together,
on 10 shoots per plot) was compared across treatments by using ANOVA, followed by the
Newman–Keuls test for post-hoc comparison of means. All analyses were performed by
using STATISTICA 6 software. The efficacy of each treatment in respect to the untreated
control was calculated using the Abbott formula [15].

3. Results

Tables 1 and 2 describe the efficacy of the application of potassium bicarbonate, alone
or in combination with polyethylene glycol (PEG) as the adjuvant, compared to the specific
insecticide, spirotetramat, in two field trials.

Table 1. Efficacy of the different treatments in the first field trial: mean number of juvenile individuals
(neanids and nymphs taken together) per shoot.

Mean Number of Juvenile Individuals per Shoot

21 May 28 May 4 June 11 June

Treatment Mean ± SE * Eff. % ** Mean ± SE * Eff. % ** Mean ± SE * Eff. % ** Mean ± SE * Eff. % **

Untreated Control 27.9 ± 2.97 a 63.3 ± 5.32 a 42.5 ± 3.59 a 16.4 ± 2.40 a

Polyethylene glycol 1 L ha−1 19.0 ± 2.78 b 31.9 48.9 ± 6.22 ab 22.7 41.1 ± 6.58 a 3.3 13.1 ± 1.38 a 20.0

Potassium bicarbonate 7 kg ha−1 10.2 ± 1.20 c 63.4 41.0 ± 6.23 b 35.2 14.4 ± 2.04 b 66.1 1.4 ± 0.67 b 91.4

Potassium Bicarbonate 5 kg ha−1

Polyethylene glycol 1 L ha−1 9.9 ± 0.98 c 64.5 36.4 ± 6.02 c 42.5 9.9 ± 0.98 bc 76.7 2.3 ± 0.87 b 86.0

Potassium bicarbonate 7 kg ha−1

Polyethylene glycol 1 L ha−1 7.0 ± 0.78 c 74.9 20.3 ± 4.17 c 67.9 4.5 ± 1.33 bc 89.4 1.1 ± 0.41 b 93.3

spirotetramat 4.5 L ha−1 1.7 ± 0.71 d 93.9 1.9 ± 0.91 d 97.0 1.4 ± 0.30 c 96.7 0.3 ± 0.13 b 98.2

(*) Values marked by different letters are statistically different (NK Test p ≤ 0.05). n = 4 plots with 10 shoots each.
(**) Efficacy obtained by Abbott formula.
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Table 2. Efficacy of the different treatments in the second field trial: mean number of juvenile
individuals (neanids and nymphs taken together) per shoot.

Mean Number of Juvenile Individuals per Shoot

21 May 28 May 4 June 11 June

Treatment Mean ± SE * Eff. % ** Mean ± SE * Eff. % ** Mean ± SE * Eff. % ** Mean ± SE * Eff. % **

Untreated Control 28.8 ± 0.91 a 81.4 ± 12.74 a 52.6 ± 4.17 a 16.5 ± 2.54 a

Polyethylene glycol 1 L ha−1 28.0 ± 2.57 a 2.8 70.2 ± 5.46 a 13.6 45.1 ± 5.84 a 14.3 7.9 ± 0.77 b 52.1

Potassium bicarbonate 7 kg ha−1 7.3 ± 2.29 c 74.7 38.9 ± 3.44 b 52.1 11.4 ± 2.56 b 78.3 4.5 ± 1.27 bc 72.7

Potassium Bicarbonate 5 kg ha−1

Polyethylene glycol 1 L ha−1 13.7 ± 1.87 b 52.4 42.3 ± 3.81 b 48.0 8.0 ± 1.38 b 84.8 0.7 ± 0.18 c 95.8

Potassium bicarbonate 7 kg ha−1

Polyethylene glycol 1 L ha−1 6.7 ± 1.04 c 76.7 38.4 ± 1.29 b 52.8 7.3 ± 1.45 b 86.1 2.1 ± 0.64 c 87.3

spirotetramat 4.5 L ha−1 4.5 ± 1.41 c 84.4 2.2 ± 1.44 c 97.3 0.5 ± 0.23 b 99.0 0.1 ± 0.09 c 99.4

(*) Values marked by different letters are statistically different (SNK Test p ≤ 0.05). n = 4 plots with 10 shoots each.
(**) Efficacy obtained by Abbott formula.

In the first field trial, at the time of the first application (14 May 2021), in each plot
there were C. pyri adults, mature eggs and some young neanids. The first assessment (see
Table 1) showed an abundant infestation in the untreated control (27.9 juvenile individuals
per shoot, no nymphs). The most significant reduction of the infestation (93% efficacy) was
observed with spirotetramat. Potassium bicarbonate (alone or in a tank mix with PEG)
showed noteworthy efficacy (ranging between 63 and 73%), as compared to the untreated
control, but no statistically significant difference was observed between the two different
concentrations of potassium bicarbonate (5 or 7 kg ha−1). PEG alone showed significant,
but lower, efficacy (31.9%) in respect to the untreated control.

The second weekly assessment (28 May 2021, Table 1) was performed just before the
second application. The natural infestation increased, as expected, in the untreated control,
showing a mixed presence of C. pyri neanids and nymphs (63.3 juvenile individuals per
shoot). The most significant reduction of the infestation (97% efficacy) was again observed
for spirotetramat, while both concentrations of potassium bicarbonate, mixed with PEG,
showed significant moderate efficacy (42.5% and 67.9%). Potassium bicarbonate alone had
lower efficacy (35.2%) as compared to the mixtures with PEG. The adjuvant alone showed
no significant difference in respect to the untreated control.

The third weekly assessment in the untreated control (Table 1, 4 June 2021), performed
one week after the second application, revealed, as expected, a moderate natural decrease
of juvenile individuals. Therefore, the infestation appeared lower (42.5 juvenile individuals
per shoot). In this scenario, spirotetramat maintained high efficacy. The efficacies of both
concentrations of potassium bicarbonate, mixed with PEG, showed significant increase
(76.7% and 89.4%), as compared to the previous assessment, and were almost comparable
to spirotetramat. Moderate efficacy (66.1%) was observed for the potassium bicarbonate
alone, while the adjuvant alone (PEG) was still comparable to the untreated control.

The last assessment was performed two weeks after the second application (11 June 2021,
Table 1) and revealed a remarkable decrease in natural infestation by juvenile individuals, as
observed against the untreated control (16.4 juvenile individuals per shoot). Even though this
terminal assessment was less noteworthy, spirotetramat maintained high efficacy, as did both
concentrations of potassium bicarbonate, with or without PEG. The efficacy of PEG alone
was again comparable to the untreated control.

The second field trial was conducted in an old pear orchard (cv. Kaiser Alexander)
with very vigorous shoots, in the presence of the same C. pyri forms as those of the first
field trial and on the same dates.

The first assessment (see Table 2) showed an abundant infestation in the untreated
control (28.8 juvenile individuals per shoot, no nymphs). The most significant reduction
of the infestation (84.4% efficacy) was observed with spirotetramat, closely followed by
the high concentration of potassium bicarbonate (74.7% and 76.7%) independently of the
adjuvant PEG. Potassium bicarbonate at a lower concentration, mixed with PEG, showed
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lower efficacy (52.4%). No significant difference was observed for PEG alone in respect to
the untreated control.

The second assessment (Table 2), performed just before the second application, re-
vealed a natural increase of the infestation, as observed in the untreated control, that
showed a mixed presence of C. pyri neanids and nymphs (81.4 juvenile individuals per
shoot). The most significant reduction of the infestation (97.3% efficacy) was again observed
for spirotetramat, while significant moderate efficacy (nearly 50%) was observed for all the
potassium bicarbonate concentrations, with or without PEG. No significant difference was
observed with PEG alone in respect to the untreated control.

The third assessment was performed one week after the second application and
showed a moderate natural decrease of infestation (52.6 juvenile individuals per shoot),
as observed in the untreated control (Table 2). In this condition, spirotetramat maintained
high efficacy (99%), while the efficacies of all potassium bicarbonate treatments appeared
lower, even though there was no statistical difference (78.3%, 84.8% and 86.1%).

The final assessment (Table 2), was less noteworthy. as in the first trial, showed high
efficacy for spirotetramat. as well as for both of potassium bicarbonate, with or without PEG.
The efficacy of PEG alone was again comparable to the untreated control. No phytotoxic
effects were observed in any plots in the two field trials.

4. Discussion and Conclusions

Two field trials tested the possible use, on pear plants, of the fungicide potassium
bicarbonate (an inorganic salt with known fungistatic activity) for the control of pear psylla.
This salt might act as an environment-friendly alternative to chemical insecticides, such as
spirotetramat (the approval of which expires soon). The salt was tested at two different
concentrations, with or without an adjuvant, PEG. The weekly assessments indicated that,
in the case of high infestation of C. pyri, potassium bicarbonate, when applied in high
concentration (7 kg ha−1), could satisfactorily control the spread of the pest in the orchard,
when compared to the high efficacy of spirotetramat as a reference product. Two potassium
bicarbonate applications appeared to achieve better results, maybe because the second
application synchronized with the peak in presence of different C. pyri juvenile individuals.
The tank mix with an adjuvant, PEG (1 L ha−1), did not significantly improve the efficacy
of the potassium bicarbonate salts, and, therefore, its role remains uncertain. The trial also
showed that the adjuvant PEG applied alone had no significant efficacy against the pest.

These preliminary data indicate that this known fungicide might also be used as an
insecticide even at high rates of application with no phytotoxic effects on pear plants. This
is one of the few records of the potential use of potassium bicarbonate as an insecticide,
alongside its known fungicide activities in pears and other crops [9–13]. The only reported
evidence thus far has concerned coleus plants, Solenostemon scutellarioides, infested by the
citrus mealybug, Planococcus citri [14]. Similar salt rates provided comparable efficacy to
our data, while higher rates (14.9 kg ha−1) induced phytotoxicity on this ornamental plant.
Despite some information on the mechanism of action on pathogenic fungi [8], there is no
information available on the possible mechanism of action on pest insects.

This salt might, therefore. act as an environment-friendly alternative to chemical
insecticides, such as spirotetramat (the approval of which expires soon). Further inves-
tigations will help define the best way to couple the potential use of this fungicide in
systematic spraying against pear brown spot, caused by S. vesicarium, with its insectici-
dal activity against C. pyri. This integrated approach would fit with present and future
IPM programs, such as the EU Farm to fork directive [16], based on environment-friendly
non-synthetic insecticides.
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