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Project title Determining the effect of pesticides on the important vine mealybug 
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(Give a summary of the total project in no more than 250 words). 
 
The aim of this project is to determine the effect of generally used chemicals for ant and 

mealybug control against important vine mealybug parasitoids in the laboratory.   The 

following chemicals were tested: Buprofezin (Applaud), Prev-Am (insecticidal soap), Fipronil 

(Regent), Mancozeb (Dithane M.45) and alphacypermethrin (Fastac) using a Potters Tower. 

Experiments with imidacloprid (Confidor) were carried out using vine mealybugs feeding on 

imidachloprid treated vines. Imidacloprid is a systemic pesticide and therefore impacts tested 

are sublethal. Results indicate relatively high susceptibility towards Regent and Fastac by 

both Anagyrus species near pseudococci and Coccidoxenoides perminutus.  It is therefore 

important that susceptible products, such as Regent, be kept away from leaves and bunches, 

where parasitoid activity is high or be applied when parasitoids are not active. Buprofezin, 

mancozeb and the insecticidal soap did not impact on the parasitoids within their 

recommended dose rates.  Both A. species near pseudococci and C.perminutus were 

equally susceptible to imidachloprid. 
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FINAL REPORT  

(Relevant publications may replace the final report) 
 

1. Problem identification and objectives  
 State the problem being addressed and the ultimate aim of the project. 

Vine mealybug (VMB) continues to be a key pest in South African vineyards.  Biological 
control is important for this pest but is not adequate for economic control.  Possible reasons 
for the lack of control could be the field effect of field sprayed pesticides on fecundity, and 
host searching ability.  Laboratory trials were previously done and these trials indicated a 
negative impact on Coccidoxenoides perminutus.  This impact may be either magnified or 
minimized under field conditions, but this information is not currently available. Trials 
previously done also did not include Anagyrus pseudococci and information on this 
biologically important parasitoid could be useful when making decisions regarding chemical 
interventions.  The aim of this project is to determine the effect of generally used chemicals 
for ant and mealybug control against A. pseudococci and C.perminutus in the laboratory. 
 
2. Workplan (materials & methods) 

 List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage and 
examination stages and parameters. 

 
Continuous exposure on residues 
Parasitoids were exposed to pesticide residues on treated glass plates for 24 hours over a 
range of doses and replicated five times. Exposure chambers consisted of two pesticide 
treated glass plates (10cm x 10cm) fitted to a Munger cell (10cm x 10cm x 2cm internal 
measurements) with six holes (0.8cm diameter) through the side of the walls for ventilation. 
The holes were covered with fine gauze using a non-toxic adhesive. One hole was left 
uncovered for introduction of parasitoids. After the introduction of parasitoids the hole was 
plugged with cotton wool soaked in 50% honey-water solution, a food source for the 
parasitoids. For each of five replicates, six Munger cells were assembled as consisting of 5 
dose rates and a blank, consisting of distilled water as a control treatment. After trial runs 
(range finders), α-cypermethrin was tested from 1/32 times to ½ times the recommended 
field dose for both parasitoids, buprofezin ¼ to 4 times (C. perminutus) and 8 to 128 times 
(A. sp. near pseudococci), fipronil 1/8 to double (C. perminutus) and ¼ to 4 times (A. sp. 
near pseudococci) and mancozeb and the insecticidal soap, 8 to 128 times for both 
parasitoids (Table 1). 
The aqueous solutions/suspensions of pesticides were applied onto the glass plates using 
a standard laboratory Potter’s Spray Tower with 2ml of each dose rate.  
After application, twenty parasitoids were carefully released into each cell. One day old C. 
perminutus and one to two-day old A. sp. near pseudococci were used. To minimise 
pesticide vapour in the cells, the whole system was ventilated with humidified air (70±5% 
RH). The complete system was maintained at 25±0.5°C with a 12:12 (L: D) photoperiod. 
Parasitoids were checked 6, 12, 18 and 24 hours after introduction. They were regarded as 
dead when they did not move (after 10 seconds) upon disturbance. Dose-mortality data 
were adjusted for control mortality using Abbott’s formula (Abbott 1925) and Probit analyses 
performed with POLO-PC programme (LeOra Software 1987) to obtain dose-response 
statistics. 
 
Topical bioassays of field rate pesticides on parasitoid pupae 
A. sp. near pseudococci and C. perminutus mummies were exposed to pesticide residues 
to measure their susceptibility to pesticides and also to investigate the role of the mummy 
case as a barrier to pesticides. Vine mealybugs of appropriate developmental stages were 
exposed to C. perminutus adults and fertilised females of A. sp. near pseudococci.  After 
mummification, 20 mummies with each type of parasitoid were placed on a sticky tape. The 
tapes were placed on glass plates which were sprayed with the recommended field dose 
rate for the pesticides using a standard Potter’s spray tower (protocol described above). 
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The sticky tapes were air dried for one hour then sprinkled with fine soil to prevent 
emerging parasitoids from coming in contact with the pesticide residues and from getting 
stuck on the adhesive. The tape was placed in ventilated Petri dishes (9.6cm diameter) and 
kept under controlled conditions (70±5% RH, 25±0.5°C with a 12:12 (L: D) photoperiod) in 
an environment chamber. This experiment was replicated five times for each pesticide and 
parasitoid species. 
Parasitoid emergence was checked daily between 14:00 and 15:00 hours. Emerged 
parasitoids were placed in ventilated vials supplied with 50% honey-water solution. 
Longevity was assessed over one week (C. perminutus) and three weeks (A. sp. near 
pseudococci). Abbott’s correction formula was used to adjust for control mortality. Repeated 
measures ANOVA followed by Tukey’s HSD test was performed in the computer program 
STATISTICA v.7 (Stat-Soft, South Africa) on parasitoid emergence data. 

Imidachloprid experiments 
Using Confidor 350SC, a stock solution of the highest dose (12ml imidachloprid/1000ml 
water, ≡4 times field recommended rate) was prepared and then serial dilutions made with 
distilled water to give double, field, ½ and ¼ recommended rates. 
Vines were pre-watered at least one hour before application of insecticide to ensure 
adequate wetting. Just before bud break, 166ml imidachloprid was applied as a soil drench 
around the base of each of 5 potted vines for all application rates. A blank treatment with no 
imidachloprid (water control) was included as a sixth treatment and the experiment 
replicated five times. The pesticide was allowed to be translocated for 48 hours and then 
150ml clean water applied to each vine to wash the imidachloprid into the soil. Thereafter 
vines were irrigated with the same amount of water every 3 days until 21 days after 
treatment. Vines were infested with 100 1st and 2nd instar mealybugs (for C. perminutus) 
and 100 3rd instar to pre-ovipositing female mealybugs (for A. sp. near pseudococci). The 
vines were covered in clear muslin cloth and mealybugs allowed to feed for 2 days. 
Parasitoids were then released onto the vines to attack mealybugs for 24 hours after which 
they were removed. Mealybugs were allowed to feed on the vines for a further 2 days after 
which they were kept in vials at 26±0.5°C, 65±5%RH and a 12:12(L:D) photoperiod. They 
were inspected daily between 12:00 and 15:00 hours for any emerged parasitoids. When 
no more parasitoids emerged, the percentage of emerged parasitoids was calculated. The 
emerged parasitoids were allowed to reproduce and their offspring (F1 generation) 
examined for longevity over 21 days (A. sp.near pseudococci) and seven days (C. 
perminutus). A. sp. near pseudococci females were mated while the parthenogenetic C. 
perminutus were not. 

Bioassay data were analysed using Probit analysis (Polo-PC LeOra Software 1987) after 
correction for control mortality using Abbott’s formula (Abbott 1925). Repeated measures 
ANOVA followed by Tukey’s HSD test was performed to compare differences in emergence 
rate (or mortality as shown by the percentage of unemerged parasitoids) of the two 
parasitoid species. Longevity of the F1 generation females was analysed with the Kaplan-
Meier (product limit) survival analysis in STATISTICA v.7 (StatSoft). 
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Table 2: Pesticides tested on Anagyrus sp. near pseudococci and Coccidoxenoides 
perminutus adults with formulations and range of doses tested. 

Formulation Pesticide 
(active ingredient 

(a. i.)) Trade name* Grams pure a.i. 

Field rate 
 

Dose rates tested 
(ml/L) 

Buprofezin 
Applaud 

SC 
400g/L 

 
60ml/100L 
(0.6ml/L) 

0.15; 0.3; 0.6; 1.2; 
2.4; 4.8; 9.6; 19.2; 

38.4; 76. 

α-cypermethrin 
Fastac 

SC 
100g/L 

250ml/100L 
(2.5ml/L) 

0.0781; 0.1563; 
0.3125; 0.625; 

1.25 

Fipronil 
 

Regent 
SC 

200g/L 
10ml/100L  
(0.1ml/L) 

0.0125; 0.025; 
0.05; 0.1; 0.2; 0.4 

Mancozeb 
Dithane M45 

WP 
800g/Kg 
(80%) 

200g/100L (2g/L) 
16; 32; 64; 128; 

256 

Insecticidal soap 
(borax and orange 

oil) 

Wet-Cit 
EC 

Borax 10g/kg 
Orange oil 50g/Kg 

50ml/100L 
(0.5ml/L) 

4; 8; 16; 32; 64 

 *SC=soluble concentrate; WP = Wettable power; EC = Emulsifiable concentrate. 
 
 
3. Results and discussion  
 State results obtained and list any benefits to the industry.  Include a short discussion if applicable to your results.   
 This final discussion must cover ALL accumulated results from the start of the project, but please limit it to essential 

information. 

Continuous exposure on pesticide residues 
Population responses to pesticides for A. sp. near pseudococci and C. perminutus were 
significantly different since none of the 95% fiducial limits overlapped for the two parasitoid 
species (Tables 2 and 3).  
For A. sp. near pseudococci, the LD50 value for fipronil was 1.5 times larger than the field 
dose rate. However fipronil is one of the most persistent pesticides making it toxic to 
parasitoids over a long period of time (Stenersen 2004). α-cypermethrin LD50 was 10 times 
lower than the field dose rate for the same parasitoid. 
For C. perminutus, the field dose rates were higher than the LD50 values for α-cypermethrin 
and fipronil by 13 times and 5 times, respectively.  These results indicate that these two 
pesticides were the most toxic of those tested on A. sp. near pseudococci and C. 
perminutus. Figure 1 shows the probit regression curves of α-cypermethrin and Fipronil for 
the two mealybug parasitoids.  
Buprofezin, mancozeb and the insecticidal soap were not toxic to parasitoids within their 
recommended field rates although at high doses C. perminutus was more affected by these 
pesticides compared to A. sp. near pseudococci (Figure 2).  
Probit analysis could not establish the 95% fiducial limits from the insecticidal soap and 
mancozeb for A. sp. near pseudococci because parasitoid mortality remained low 
throughout the 24-hour bioassay period even after raising the dose rate to extreme values 
and therefore no probit mortality was estimated for this parasitoid. 
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Table 2: Probit parameters of dose responses of Anagyrus sp. near pseudococci to 
various doses of different pesticide residues during a 24-hour bioassay. 

Pesticide Field 
dose rate 

(ml/L) 

LD50 
(ml/L) 

95% fiducial 
limits 

LD90 
(ml/L) 

95% fiducial limits 

α-
cypermethrin 

2.5 0.248 0.187 to 0.317 3.279 1.948 to 7.574 

Fipronil 0.1 0.154 0.138 to 0.169 0.344 0.298 to 0.413 
Buprofezin 0.6 31.816 19.2932 to 

54.164 
125.7482 68.1348 to 

752.822 
Mancozeb 2g 4287.15 - 31091 - 
Insecticidal 

soap 
0.5 103.1936 - 196.9378 - 

 
 
 
Table 3: Probit parameters of dose responses of Coccidoxenoides perminutus to 
various doses of different pesticides residues during a 24-hour bioassay. 

Pesticide Field 
dose 
rate 

(ml/L) 

LD50 
(ml/L) 

95% fiducial limits LD90 
(ml/L) 

95% fiducial limits 

α-
cypermethrin 

2.5 0.190 0.154 to 0.227 0.956 0.744 to 1.345 

Fipronil 0.1 0.26 0.014 to 0.039 0.083 0.052 to 0.254 
Buprofezin 0.6 2.5857 2.0839 to 3.7783 10.1096 5.9151 to 32.921 
Mancozeb 2g 86.784 66.1119 to 

116.4609 
1217.1545 646.8795 to 

3492.2308 
Insecticidal 

soap 
0.5 29.571

4 
19.5015 to 

44.9682 
106.8319 63.2940 to 

410.5229 
 
 
 
 
Table 4: Comparison of regression lines for pesticides tested against mealybug 
parasitoids, Anagyrus species near pseudococci and Coccidoxenoides perminutus 

 
 

Pesticide 

 
Common 
intercept 
(±std.err.) 

 
Common slope 

(±std.err.) 

α-cypermethrin 5.9611 
(0.7343) 

1.4312 
(0.1094) 

Fipronil 6.9564 
(0.1334) 

1.6234 
(0.1077) 

Buprofezin 3.7944 
(0.746) 

0.8225 
(0.6502) 

Mancozeb 2.7136 
(0.2385) 

0.8 
(0.1214) 

Insecticidal soap 1.5606 
(0.2884) 

1.8614 
(0.1877) 
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Figure 1: Dose response of Anagyrus sp. near pseudococci and Coccidoxenoides perminutus adults 
exposed continuously to various doses of fipronil and α-cypermethrin residues, showing probit 
mortality, in a 24 hour bioassay. α-cypermethrin doses were below the recommended field rate. The 
arrow shows fipronil field dose rate (0.1ml/L). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Dose responses of Anagyrus sp. near pseudococci and Coccidoxenoides perminutus 
adults exposed continuously to various doses of buprofezin, mancozeb and insecticidal soap 
residues, showing probit mortality, in a 24 hour bioassay. All doses were higher than the 
recommended field rate. 
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Topical application of field rate pesticides on parasitoid pupae 
Days to parasitoid emergence after treatment with pesticides significantly differed between 
treatments (F(5,24) = 24.48; p  ≤ 0.001) with  buprofezin causing a significant delay in 
emergence by almost a week relative to other treatments (Table 5 ). Days to emergence did 
not differ significantly between species (F(1,58) = 1.02; p = 0.3167). 
Significantly more C. perminutus emerged than A. sp. near pseudococci (F(10,46) = 6.514; p 
≤ 0.001). No significant differences were found between treatments for C. perminutus (F(5,24) 
=0.6842; p = 0.6399). A. sp. near pseudococci mortality due to fipronil and α-cypermethrin 
was significantly higher than the other treatments (F(5.24) = 19.604; p ≤ 0.05).    
 
 
Table 5: The mean number of days to emergence and number of emerged parasitoids 
after topical pesticide treatments of 10 day old mummies (n=20). 

A. sp. near pseudococci C. perminutus Pesticide Treatment 

Days to emerge† Emerged Days to emerge† Emerged 

Water 7.1a 

 
14.4 

(0.20) 
5.2a 16.5 

(0.23) 
α-cypermethrin 5.5a 12.5 

(0.25) 
6.0a 15.1 

(0.93) 
Buprofezin 12.7b 14.1 

(0.20) 
11.8a 15.7 

(0.51) 
Fipronil 7.5a 12.5 

(0.40) 
5.4a 14.5 

(0.60) 
Mancozeb 7.1a 14.1 

(0.4) 
6.2a 15.1 

(0.25) 
Insecticidal soap 6.3a 13.6 

(0.33) 
7.0a 14.9 

(0.44) 
†Means in columns with different letters denote significant difference at 95% 
confidence limits. 
±SE in parenthesis 

 

Imidachloprid experiments 
Probit regression revealed that fiducial limits for the two parasitoids overlapped (Table 6) 
and therefore mortality did not differ significantly between the two parasitoid species. Both 
A. sp. near pseudococci and C. perminutus failed to emerge at high doses of imidachloprid. 
The probit regression line intercepts and slopes (Table 6) for both A. sp. near pseudococci 
and C. perminutus did not differ. This implies that A. sp. near pseudococci and C. 
perminutus are equally susceptible to imidacloprid (Figure 3). 
Cumulative proportion surviving, i.e. the cumulative proportion of F1 generation of A. sp. 
near pseudococci and C. perminutus surviving up to 21 and seven days, respectively, is 
shown in Figure 4 (A. sp. near pseudococci) and Figure 5 (C. perminutus).  The survival 
function of A. sp. near pseudococci drops off sharply in the first eight days and thereafter 
declines much less sharply until 17 days. Survival was significantly different between the 
control and insecticide treatment for A. sp. near pseudococci (χ2= 5.0563; d.f. = 3; p = 
0.1677), but not for C. perminutus (χ2= 23.7975; d.f. = 3; p = 0.00003). Survival could not 
be compared between the two parasitoid species because of natural differences in life 
span.  
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Table 6: Probit parameters of dose responses of Anagyrus sp. near pseudococci and 
Coccidoxenoides perminutus to imidachloprid.  
   

Parasitoid LD50 (ml/L) 
(95% fiducial 

limits) 
 

LD90 (ml/L) 
(95% fiducial 

limits) 
 

 
Intercept* 
(±std.err.) 

 
Slope* 

(±std.err.) 

A. sp. near 
pseudococci 

1.1198 
(0.57 to 1.67) 

11.3572 
(7.21 to 25.76) 

C. 
perminutus 

1.7608 
(0.49 to 3.33) 

23.1282 
(8.95 to 891.5) 

 
4.7961 

(0.8578) 

 
1.2272 

(0.1449) 

         *Common intercept and slope. 
 
 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 3: Probit mortality (inability to emerge) of Anagyrus sp. near pseudococci (♦) and 
Coccidoxenoides perminutus (◊) to various doses due to systemic imidacloprid using vine mealybugs 
feeding on treated vines. Arrow indicates field dose rate (3ml/L). 
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Figure 4: Survival function of Anagyrus sp. near pseudococci F1 generation females that emerged from 
imidachloprid contaminated individuals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Survival function of Coccidoxenoides perminutus F1 generation that emerged from imidachloprid 
contaminated individuals. 
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DISCUSSION 
Mortality rates due to insecticide residues on glass plates in cells provide an indication of impact 
of pesticide residues on parasitoids. However, the field situation with pesticide residues on vine 
foliage is most likely lower.  α-cypermethrin and fipronil caused high mortality of the parasitoids, 
therefore, may not be compatible with IPM programs utilising parasitoids for vine mealybug 
control, unless these pesticides are used in containerised low toxic baits, or applied to an area 
of the vine not utilised by parasitoids, such as the stem. Walton & Pringle (1999) also found 
cypermethrin to be very toxic to C. perminutus and discouraged full cover application of this 
pesticide during augmentative release periods.   
Buprofezin, mancozeb and the insecticidal soap did not cause any significant mortality at the 
recommended field rates. However, exposure of mealybug mummies containing parasitoid 
pupae to buprofezin showed a delayed emergence of adults. Observations showed that 
parasitoids died as they chewed through the mummies treated with fipronil and α-cypermethrin. 
The resulting partial emergence indicated the high degree of toxicity of these two pesticides. 
Mortality of parasitoids at the time of emergence has been documented for adults of aphid 
parasitoids (Longley & Jepson 1997; Heunis & Pringle 2003). Low mortality of C. perminutus in 
mummies when exposed to fipronil and α-cypermethrin could imply a different mechanism of 
exiting the mummy case other than chewing a hole, but rather pushing to crack open the 
mummy case. Mortality rates were low across treatments indicating that the mummy case is 
indeed, an efficient barrier to pesticides. From this investigation, the adult stage of parasitoid 
was more vulnerable to pesticides than the juvenile stages developing in the mummies.  
A. sp. near pseudococci adults were more robust and resilient to pesticides than C. perminutus, 
possibly due their larger size. Timing of pesticide application is very important regarding the 
vulnerable stages of parasitoids. C. perminutus are released as pupae while A. sp. near 
pseudococci are released as adults. This affects the choice of parasitoid and timing of 
augmentative release regarding breakdown of pesticides on plant surfaces. 
This study has indicated that C. perminutus and A. sp. near pseudococci are equally 
susceptible to imidachloprid systemic residues as shown by the emergence rate and/or 
mortality. The progeny of imidachloprid-contaminated A. sp. near pseudococci and C. 
perminutus can still survive periods long enough to have an impact on mealybugs. Split 
applications can be substituted by one imidachloprid treatment at budburst to pea berry size, 
followed by release of parasitoids about 45 days after treatment. 
 

RECOMMENDATIONS: 

• Pesticide treatments can be restricted to periods of low activity of the vulnerable stages 
of parasitoids (adults), for example, early spring treatments. 

• Stem application of pesticides in hot spots later in the season minimises risk to 
parasitoids which by this time will have a large prey population to achieve maximum 
parasitism rates, and provides areas where parasitoids can shelter. 

• A. sp. near pseudococci adults were found to be more robust and resilient to pesticides 
than C. perminutus, although the former were more ant-susceptible than the latter (final 
report: US/E&A-A1, 2008).  It is therefore important to investigate further the options for 
mass releasing A. sp. near pseudococci, provided good ant control is maintained. 

• One imidachloprid treatment can be applied at budburst to pea berry size, followed by 
release of parasitoids about 45 days after treatment. 
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Milestone Achievement 

1. Fipronil testing Complete 

2. Prev-Am testing Complete 

3. Confidor testing Complete 

5.    Alphacypermethrin testing Complete 

6.    Buprofezin testing Complete 

7.    Mancozeb testing Complete 

8.    Data analysis and final recommendations Complete 

 
This report is an extract from a chapter of a PhD thesis and should therefore remain 
confidential until the results are published. 
 

4. Accumulated outputs  
 List ALL the outputs from the start of the project.   
 The year of each output must also be indicated. 

 
Technology developed  

Recommendations for the mass release of parasitoids (timing) within an IPM programme. 
 
Human resources developed/trained  

One PhD completed, to be awarded during December 2008. 
 
Patents  

 
 
Publications (popular, press releases, semi-scientific, scientific) 

1 Scientific publication to be submitted 
 
Presentations/papers delivered  

1 Presentation at the Vine virus Workshop, August 2008 
 Presentation at the South African Congress of Enology and Viticulture, November 2008 
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4. Total cost summary of project  

 

 Year  CFPA DFPT DFTS Winetech THRIP Other TOTAL 

Total cost in real terms for year 1 2006     60 000   60 000 

Total cost in real terms for year 2 2007     50 944 30 566  81 510 

Total cost in real terms for year 3 2008     68 104 28 104  96 208 

Total cost in real terms for year 4          

Total cost in real terms for year 5          

TOTAL     179 048 58 670  237 718 

 
 
 


