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Abstract
Management of Planococcus ficus infestations in viticulture is a challenge for organic
producers. Lack of information regarding the efficacy of natural insecticides used against
vine mealybugs make its control more difficult. Principal aim of this study was to validate the
efficacy of some natural substances used in organic vineyards, on P. ficus. The impact on
parasitoid Anagyrus sp. near pseudococci (Girault) and predator Cryptolaemus montrouzieri
(Mulsant) was also evaluated in laboratory bioassays. Natural insecticides that contain
potassium salts of fatty acids (a.i. 49%), paraffinic oil (a.i. 98,8%), powder sulphur (a.i.
95%), spinosad (a.i. 11,6 % and 44,2 %) and pyrethrin (a.i. 1,4%) were tested by using
maximum dose on label. Moreover, two commercial formulations containing seaweed and
plant extracts were also tested. Mortality of P. ficus, at 24 hours, caused by potassium salts of
fatty acids (69%) and paraffinic oil (42%) was significantly higher(p ≤ 0.05) than other
substances. Other tested substances were not significantly different than each other.
Potassium salts of fatty acids and paraffinic oil showed similar impacts on A. pseudococci
and both were categorized as harmless. Substances categorized as harmful for parasitoids
were Spinosad followed by sulphur and pyrethrin. Predator C. montrouzieri resulted sensible
to potassium salts of fatty acids and pyrethrin. This two products were categorized as harmful
for predators.

Keywords: Organic Agriculture, Pest Management, Natural Insecticide, Bioassay,
Mealybug.

Introduction
Vine mealybug, Planococcus ficus Signoret (Hemiptera:Pseudococcidae) is among the list of
common pests of vineyards and increased vine mealybug infestations are considered to be
related to increased economic losses in vineyards during the last decade (Daane et al., 2012).
Most of the problems related to vine mealybugs are originated from large amount of excreted
honeydew as a result of its intensive feeding behavior. Honeydew is considered as a substrate
for many fungi, especially for black sooty mold which grows easily on it (Godfrey et al.,
2005). Cryptolaemus montrouzieri (Coleoptera: Coccinellidae), is a generalist predator and
important biological control agent used for regulation of mealybugs and soft scale insects in
warm climates and greenhouses (Kairo et al., 2013). Anagyrus sp. near pseudococci
(Hymenoptera: Encrytidae) on the other hand is a commonly used parasitoid for management
of P. ficus (Triapitsyn et al., 2007). Despite the fact that parasioid was reported to be the
destroyer of 75% of host populations,  insecticides are still utilized by intention of taking
mealybug populations to lower densities (Flaherty and Wilson, 1999). Furthermore, treatment
on immature stages of P. ficus are usually recommended while information related to efficacy
on pest and side effects on natural enemies are insufficient (Landers et al., 2012). Aim of this
study was to contribute the sustainability improvement of P. ficus management, by providing
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information concerning efficacy of several natural substances on pest and their impact on its
natural enemies.

Materials and Methods
Insects

All insects used on this study was reared prior to bioassays in insectary of Mediterranean
Agronomic Institute of Bari (MAIB). Continuous supply of pest population was obtained by
rearing P. ficus on squashes (Cucurbita moschata cv.Butternut). Infested squashes were also
used for the rearing of natural enemies. Parasitoid and predator were collected from
experimental vineyard of MAIB and introduced to plexiglass cages (40x40x50 cm) where
squashes infested with P. ficus were placed. A circular hole was opened on shorter side panel
for cage access while top of the cage covered with fine gauze was left for air circulation. A
cotton soaked into honey: water (2:1) solution  was left for parasitoids as a food and water
source and a cotton soaked into water was left for predators as a water source. Emerged
natural enemies were transferred into new cages regularly and same procedure was repeated
for continuum of rearing.

Bioassays
Lethal activity bioassays were conducted on P.ficus, A.pseudococci and C. montrouzieri
using products listed on Table 1. Products were chosen by mentioned/recommended uses
from literatures reviewed (Baldacchino et al., 2010; Landers et al., 2012; Kahramanoglu and
Usanmaz, 2013; Guario et al., 2014). Seaweed extract was tested only on P. ficus.

Lethal Activity Bioassays on P. ficus
Bioassays were conducted using methodology of Karamaouna et al. (2013) with slight
modifications. Bioassays were carried out only on immature stages of vine mealybugs.
Squashes were cut into pieces and placed on a 5% agar solution inside 5cm petri dish.
Number of vine mealybug crawlerson each squash piece were counted under stereoscope
prior to sprayment and petri dishes were placed into plastic cups. Insecticides were applied
with an hand sprayer on rate of approximately 28µl/cm2. Treatments were replicated 5 times
and control was treated with distilled water only. After each treatment, top of the plastic cups
were closed by using fine gauze and rubber bands. Cups were kept in controlled laboratory
conditions at25˚C,  50-60% RH and 16:8 L:D. Mortality was controlled by nudging vine
mealybugs using a fine paint brush, at 24 hours after treatment. Vine mealybugs without any
responses to nudging were recorded as dead.

Table 1. Detailed list of substances used in laboratory bioassays.
Active Ingredient / Use Commercial Name Producer Company Dose Used

Potassium Salts of Fatty Acids
(49%)

Insecticide/Acaricide
Ciopper EuroAgro 2 l / hl

Paraffinic Oil (98,8%)
Insecticide UFO Biogard 2 l / hl

Powder Sulphur (95%)
Fungicide/Acaricide Fiori di zolfo Zolfindustria 35 kg / ha

Spinosad Based (44,2%)
Insecticide Success Bayer 80 ml /hl

Spinosad Based (16%)
Insecticide Laser Dow AgrSciences 20 ml / hl

Pyrethrin (1,4%)
Insecticide PyGanic Biogard 250 ml / hl

Seaweed Extract
Growth Promoter Boundary SW ICAS 400 ml / hl

Foliar fertilizer DuoLif Triumph 200g powder +
1 l oil / hl
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Lethal Activity Bioassays on A.pseudococci
Bioassays were conducted using methodology of Mead-Briggs et al. (2000) with some
modifications. Prior to bioassays ten female parasitoids were taken from rearing cages using
test tubes. Test cells, details of which are given below in Figure 1 were cleaned before each
use and dried completely. Insecticides were applied on inner surface of glass panels located
above and below the frame of cell, at rate of approximately 39µl/cm2.Treatments were
replicated 5 times and control was sprayed with distilled water only. Treated panels were left
minimum two and a half hours until dried before assembly of the cell. Ten females were then
introduced to cells assembled with dried glass panels and secured with rubber bands. Self
made fan for aeration was connected to system immediately to provide air current and to
prevent accumulation of volatiles inside the cells. Piece of cotton soaked into honey: water
(2:1) solution was put to entrance hole as a food and water source for test insects. Cells were
kept in controlled laboratory conditions at 25˚C, 50-60% RH and 16:8 L:D. Acute toxicity
caused by residues were checked by counting dead insects inside the cells at 24 hours after
treatment.

Figure 4. A cell used for Anagyrus sp.near. pseudococci

Lethal Activity Bioassays on C. montrouzieri
Bioassays were conducted using methodology of Babu and Azam (1987). Prior to
experiments ten newly emerged predators (5 Males/5 Females) were taken from rearing cages
by using test tubes and introduced into plastic cups (20cl). Insecticides were applied inside
the plastic cups at rate of approximately 24µl/cm2. Treatments were replicated 5 times and
control was sprayed with distilled water only. After insecticide applications cotton soaked
into water and 30 P.ficus individuals were left inside the test tube. Following the treatments
top of the plastic cups were closed using fine gauze and rubber bands. Cups were kept in
controlled laboratory conditions at 25˚C, 50-60% RH and 16:8 L:D. Acute toxicity caused by
direct contact and indirect contamination by food and water source was controlled by
counting dead insects inside the cups at 24 hours after treatments.

Statistical Analysis
Data obtained from bioassays were subjected to one way analysis of variance (ANOVA) and
Tukey’s HSD (p≤ 0.05). Prior to statistical analyses mortality rates were corrected using
several formulas (Table 2). Impact of substances on natural enemies were also categorized
according to the IOBC’s toxicity ranking of pesticides on beneficial arthropods as harmless
(<30%), slightly harmful (30-79%), moderately harmful (80-99%) and harmful (>99%)
(Hassan et al., 1994).
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Table 2. Efficacy correction formulas used for lethal effect bioassays.
Species Reference and Equation

P. ficus

Schneider-Orelli (1947)

A.
pseudococci

C.
montrouzieri

Abbott (1925)

Results and Discussion
Lethal Activity Bioassays on P. ficus

Results of  laboratory bioassays conducted on P. ficus are presented in Figure 2. Highest
mean mortality (69%) was caused by active ingredient potassium salts of fatty acids (PSFA) .
It was significantly higher than paraffinic oil which caused 42 % mean mortality. Foliar
fertilizer, pyrethrin, two formulations of spinosad, sulphur and seaweed extract caused mean
mortalities less than 20%. Among tested substances only results of potassium salts of fatty
acids and paraffinic oils were considered sufficient for the control of P. ficus.

Figure 5. Mortality of P. ficus at 24h after treatments.

Lethal Activity Bioassays on A. pseudococci
Results of  laboratory bioassays conducted on A. pseudococci are presented in Figure 3.
Spinosad (a.i. 44,2%) caused 100% mean mortality of test insects and spinosad (16%) caused
97,5%. Sulphur and pyrethrin caused 77,5 % and 75,5 % mean mortalities, respectively.
Paraffinic oil, PSFA and foliar fertilizer caused mean mortalities equal or less than 20%.
According to results Spinosad (44,2%) was categorized as harmful while Spinosad (16%)
was categorized as moderately harmful. Pyrethrin and sulphur were both categorized as
slightly harmful and paraffinic oil, PSFA and foliar fertilizer were categorized as harmless.
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Figure 6. Mortality of A. pseudococci at 24h after treatments.

Lethal Activity Bioassays on C. montrouzieri
Results of  laboratory bioassays on C. montrouzieri are presented on Figure 4. PSFA caused
90% mortality of test insects and phyrethrin caused 75% mean mortality. Paraffinic oil, foliar
fertilizer and two formulation of spinosad caused mean mortality equal or less than 10%.
According to results PSFA was categorized as harmful and pyrethrin was categorized as
moderately harmful. Paraffinic oil, foliar fertilizer and two formulation of spinosad were all
categorized as harmless.

Figure 7. Mean mortality of C. montrouzieri at 24h after treatments.

Lethal Activity Bioassays on P. ficus
It was found that when used same doses and percentages of active ingredients potassium salts
of fatty acids and paraffinic oil caused 22% and 12% mortalities, respectively
(Hollingsworth, 2005). However, mentioned study was conducted under greenhouse
conditions on later larval stages (3rd and 4th) while our study was conducted under laboratory
conditions on crawlers. In field conditions, potassium salts of fatty acids and paraffinic oil
caused 55% and 32% mortalities, respectively (Baldacchino et al., 2010). In field conditions
lower  mortality than laboratory bioassays are generally expected as P. ficus individuals are
generally located in hidden parts of plants and not easily reachable by the treatments.

Lethal Activity Bioassays on A. sp.near. pseudococci
Similar impact of spinosad on hymenopteran parasitoids was also confirmed by several other
studies (Williams et al., 2003; Newman et al., 2004; Biondi et al., 2012). Studies as early as
1975 reported that pyrethrin caused less mortality when applied in lower doses, recently in
studies conducted with pyrethrin at similar doses also reported harmful impact on other
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hymenopteran parasitoids (Wilkinson et al., 1975; Tunca et al., 2012; Tunca et al., 2014).
Sulphur was also mostly categorized as harmful (De Courcy Williams and Gill, 1996;
Martinson et al., 2001; Thomson et al., 2001; Jepsen et al., 2007a). Sulphur residues was
found to be  toxic up to 21 days and was reported harmful even in lower percentages
(Martinson et al., 2001; Jepsen et al., 2007a). Despite the fact that it is mostly reported as
harmful, (Jepsen et al. (2007b)) also argued that no effect was found on  reproductive success
of  sulphur treated hymenopteran parasitoids from Anagrus spp.

Lethal Activity Bioassays on C. montrouzieri
Pyrethrin and potassium salts of fatty acids were reported as harmless for adults of Harmonia
axyridis, another member of Coccinellidae family, when same doses were applied under
laboratory conditions (Kraiss and Cullen, 2008). In contrast, another study suggested
potassium salts of fatty acids as an alternative to pyrethrin which was reported harmful also
on larval stages of Adalia bipunctata (L.), another predator of Coccinellidae family (Jansen et
al., 2010). Our results were confirmed by the side of pyrethrins impact by both studies.
Hovewer, potassium salts of fatty acids were reported as harmless in both studies in contrast
to our results. Conflicting results can be related to our methodology that facilitated complete
sprayment of the test arena and residual contamination of food and water source of predators.

Conclusion
Laboratory bioassays on vine mealybugs and its two natural enemies resulted that only two
substances (potassium salts of fatty acids and paraffinic oil) were efficient against pest and
harmless for parasitoids while one of them (potassium salts of fatty acids) having harmful
impact on predators. Efficacy on pest and potential impact on beneficial arthropods must be
known  for sustainability improvement of management by using natural substances. Results
showed that even allowed natural substances in organic farming may have undesirable
impacts on beneficial arthropods and they need to be carefully evaluated prior to use in pest
management programs. Similar studies would be beneficial also for other natural enemies of
vine mealybugs and our results should be confirmed by extended-laboratory and field trials in
future.
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