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BREAKTHROUGH IN TREATMENT OF PSHB BEETLE.  

Mike Viviers (Ecologist), Arne Verhoef (Entomologist) & Louis Meyer (Research 

Co-ordinator) 
Over the past few years the PSHB beetle has raised serious concerns because of its 

devastating effects on fruit-bearing trees, ornamental trees especially in urban areas and 

forests. Various attempts and research projects to find a workable solution have resulted in 

limited or no success, and currently academics suggest that the best way to control this 

scourge is to remove breeding trees and destroy these in a safe and dedicated place. But 

this may be a hugely expensive exercise and a logistical nightmare. 

 

Pan African Farms (PAF), a South African-based Agricultural Research Company have now 

developed a treatment regime that shows highly positive results.  The company owes its 

success to its unique Intellectual Property, called ANODS (Amphiphilic Nano Oil Delivery 

System), whereas conventional pesticides lack mainly two key qualities: deep penetrating 

ability, and protection against drug resistance. The key features of the ANODS are as follows: 

 

• It is amphiphilic and therefore has a wider active compound solubility co-efficient,      

and  

• Adherence to plant surfaces is optimal  

and  

• It is not deterred by epithelial cuticle wax layers or other barriers,  

and 

• Does not cause any harm to these protective layers. 

• ANODS are the smallest lipid vesicles currently known. The vast majority are between 

10 and 100 nanometres in diameter.  

• Consequently, this enables rapid penetration through cell membranes and pest walls 

or exosceletal sclerites 

• Because it targets cells, biological efficacy is optimal, and therefore requires much 

reduced active ingredients and especially toxins  

• It enhances cellular delivery and hence overcomes drug resistance  

• ANODS can be further enhanced with ligands to reach target organelles or 

pathogens 
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• Penetration through tree trunks and sapwood is therefore deep (in excess of 10cm 

• It has the capacity to reach sub-surface pathogens  

• Formulations are superfine and do not cause clogging or sprayer blockages 

 

• Although much has in recent times been written about nano lipid vesicles, and the 

need has been expressed for a nano vesicle around 100 nanometers, none was 

commercially available until now. In 2009 Casadevall et.al wrote: “The finding of 

extracellular vesicles that presumably function as delivery vehicles for transporting and 

concentrating large molecular weight cargo across the cell wall indicates towards 

new areas of investigation. The preliminary studies have allowed the notion of trans-wall 

cellular transport in fungi to progress from hypothesis to theory, with the full 

acknowledgement that additional data are needed before such a mechanism 

can be established as a fact. Nevertheless, the available data indicate a new 

hypothesis amenable to experimental testing. For example, the heterogeneity of 

vesicles could imply the existence of sophisticated mechanisms for vesicle generation 

and content insertion. Furthermore, the apparent heterogeneity in content indicate 

that there must exist an address and delivery system such that vesicles destined for 

delivery to the cell wall and immediate extracellular sites are handled differently than 

those whose function is to export enzymes for food acquisition.” 

 

Now PAF has developed the Intellectual Property to manufacture large quantities of Nano-

lipid vesicles at a commercially viable price to make the use of this technology accessible. 

The results of pilot studies showed the following results (Please note that all tests were done 

on “proof of concept level only, as replicative studies would not be possible within the time 

constraints in satisfying an emergency situation”: 

 

INSECTICIDE:  
PHASE 1 

During the first phase study, the research team applied themselves to testing the extent to 

which the ANODS technology could make some impact on this new invasive scourge. The 

main findings were as follows: 

• The Chlorpyriphos/ANODS formulation displayed strong insecticidal qualities and 

large quantities of beetles exited both sample tree trunks (in laboratory conditions) as 

well as trees (in field conditions). 

• The results showed that the problem with insect resistance to Chlorpyriphos has been 

completely eliminated or obviated. 
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• The Chlorpyriphos/ANODS formulation showed exceptionally deep penetration into 

the sample (10,7cm within 24 hours) and from the continued emergence of beetles 

during days 2 to 5 it is safe to assume that the formula continued even deeper. 

• The Chlorpyriphos/ANODS formulation showed unexpected fungicidal properties and 

aggressively attacked the Fusarium fungus in the sample. It was not possible to assess 

the effect of this in field conditions. 

• The non-toxic fungicidal formula developed by Pan African Farms displayed a 100% 

efficacy on Fusarium samples cultivated in a growth medium. This result needs to be 

confirmed in field trials, but will follow 3 weeks later as step 2 after having treated 

trees with the insecticidal formulation.  

• The penetrating ability of the Fungicidal formula has also been confirmed. The 

required depth is into the phloem and sapwood sections only (the outer layers where 

the damaging effect of Fusarium is concentrated). 

PHASE 2 

Cypermethrin was chosen as the logical insecticide of choice, and following tests with 

alternative concentrations, it was found that a 2% concentration of Cypermethrin would be 

optimally safe and effective as treatment base. The table below indicates the results on the 

beetle: 

 

 
 

DAILY BEETLE COUNT. 

DAY NUMBER OF BEETLES EXTRACTED 
1 1304 
2 691 
3 564 
4 465 

TOTAL 3024 
5 (respray) 252 

FINAL TOTAL 3276 
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NOTE:  A 55cm long X 20cm diameter sample of contaminated Box Elder was used for this test and sprayed directly 
on the bark. The ANODS-based Cypermethrin emulsion was diluted at 1: 50 parts water, and 100ml was used to 
spray the trunk. The open top and bottom was sealed before spraying in order to avoid misrepresentation.  It is 
estimated that some 75% of beetles did not have access to exit holes, and would have perished inside the trunk, 
which numbers could not be accounted for. Thus, the real mortality rate could be assumed to be as much as 4 times 
higher than what is reflected above. After removal of the sealant on the trunk top, dead beetles were found at a 
depth of 6 cm from the trunk edge, confirming the penetrating ability of the ANODS.(refer IMAGE GROUP A below). 
It was also noticeable that Larvae that could be seen at the upper cut of the trunk also perished. Refer IMAGE 
GROUP B below. 
 

 

IMAGE GROUP A 

  
 

  
 

IMAGE GROUP B 
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PHASE 3. 

It is known that the Cypermethrin is highly susceptible to photolysis and hydrolysis and will 

rapidly degrade in an oil-in-water emulsion. It will therefore not be a suitable active 

ingredient for a factory prepared product due to poor stability. Consequently it was decided 

to instead formulate the insecticidal formula as a Surfactant and add to this a commercially 

available Cypermethrin product directly before use. This approach is the subject of our next 

trial. In this study the efficacy of 2% of commercially available Cypermethrin (200EC) 

dissolved in ANODS as Surfactant was tested. This effectively resulted in a solution containing 

0, 4% Cypermethrin active ingredient. The objective of this study was then to compare the 

above formula to the same commercial (20%) Cypermethrin product without ANODS. The 

results are shown in the table below: 

 

COMPARISON OF ANODS-BASED CYPERMETHRIN (2%) EMULSION TO A 

COMMERCIAL CYPERMETHRIN (20%) PRODUCT 

DAY CYPERMETH/ANODS (2%) COMMERCIAL CYPERMETH (20%) 

1 376 39 

2 286 30 

3 86 17 

4 24 6 

TOTAL 722 92 

 
NOTE: In this experiment 2 stumps of Boxwood of 12,5cm thickness was used and sealed on the upper and lower 
open sides. The samples were both diluted at the 1:50 parts ratio and each stump was sprayed by 50ml of the 
respective product. Clearly, the ANODS/ Cypermethrin sample out-performed the commercial product by 839%. 
That is without factoring in the 50-fold higher concentration of the commercial product. Refer IMAGE GROUP C 
below to indicate depth of trans- barrier penetration. Again, where the ANODS/ CYPERMETHRIN formula was 
applied, there was mortality of Larvae (IMAGE GROUP D), and not in the case of the Commercial Formula. 
 

IMAGE GROUP C 
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IMAGE GROUP D 

  
 

It stands to reason that at an effective Cypermethrin concentration of 0, 04% this approach 

offers a considerable safety differential, whilst still enhancing insecticidal efficacy. Bear in 

mind that the product will be further diluted with water before use, thereby reducing the 

level of exposure even further. 

 

PHASE 4 

Field trials to display “Proof of concept” were conducted on 20 trees in September 2018.  

These trees were again inspected 6 months’ after the first treatment. It was fortuitous that this 

period coincided with the beetle and fungus’ active season.  Please note that a 

comprehensive assessment of these trees can only be done during the 2019/20 

spring/summer.  The present assessment revealed the following: 

• No visible expression of fungus activity = in the many forms the exudate can assume 

• A re-application of pesticide yielded no exiting beetles in a 24-hour period 

• On 2 plane trees treated with Fungicidal formula only, all the holes in the bark were 

marked with a permanent marker.  Over the 6 observation months, other trees in the 

same garden were infected by PSHB borer, but no new holes were observed in the 

two planes.  This hints at a possible repellence factor in the Fungicidal. 

• The trees ranged from newly infected, showing the first signs of exudate, to very visible 

die-back symptoms – up to 30% of the canopy. These trees are holding their own and 

will be assessed again Spring/Summer 2019/20 

• Three Box elders which were severely infected with an estimated 60% plus canopy 

death, were deemed unsalvageable, but should the vascular systems have repaired, 

one would expect terminal growth.   Should coppicing rather than terminal growth 

be the resultant, at least we have a visual handle on which trees should be cut down 

instead of being treated 

• The species range included the following: 

§ Caesalpinia ferrea 
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§ Platanus x acerifolius 

§ Olea europea ssp pungens 

§ Quercus robur 

 

FUNGICIDAL: 
The objective of this phase of the study was firstly to formulate a suitable ANODS-based 

Fungicidal to eradicate Fusarium Euwallaceae and two other symbiotic fungal species. The 

following steps were followed during the development and subsequent trials: 

1. Confirm that ANODS was a suitable vehicle to enter and eliminate fungi. It is generally 

assumed that the Fungal “Wall” is particularly difficult to penetrate through, or even 

impermeable. Due to the small size of ANODS, we first exposed these to a random 

fungus. The results can be clearly seen in the slide series below: IMAGE GROUP E and 

IMAGE GROUP F showing magnified penetration into the fungal wall. 

 

IMAGE GROUP E: SERIES OF SLIDES SHOWING ANODS ENTERING FUNGUS OVER 24-HOUR PERIOD 

 
 

 

IMAGE GROUP F: SLIDES SHOWING PENETRATION OF ANODS INTO FUNGAL WALL 

 
 

2. Formulation of Fungicidal Product: In addition to the problem of Wall penetration, 

many commercial Active ingredients are acutely toxic to humans, animals and 

the environment. The formulators set out to seek natural alternatives in order to 

obviate toxic damage; a further complicating factor is the rapid development of 

drug resistance. With the ANODS as cellular delivery vehicle, and the avoidance 

of harsh toxins it is known that drug resistance is minimalized. A final criterion was 
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to consider the FRAC Fungicide Resistance Grading, where formulations are 

graded according to Genetic Factor and Site of Action. It is clear from this that 

polygenic formulations and with Multiple Site of Action have a lower risk of drug 

resistance. The multiple site-approach was therefore pursued. Examples of 

potential sites are: aflatoxin biosynthesis pathway, mycelial cell walls, spore 

germination, Ionic surface, mRNA and protein synthesis, enzyme activity, Plasma 

Membrane, Telemore, ion homeostasis, nucleic acid metabolism, RNA synthesis 

and TOR pathway. The research team found natural plant extracts to address 

these factors, and a workable formula followed. Significantly, the formula 

contained no toxic material. The fungicidal efficacy of this formula was then 

tested 

 

3. In vitro testing of fungicidal formula. A random fungus was isolated and exposed 

to the formula and observed under the microscope. The mortality progression of 

this sample can be observed in IMAGE GROUP G below. Please also note the time 

taken to achieve the various stages of damage. 

 

IMAGE GROUP G: fungus treated with the experimental formula 

 
 

 

4. Testing experimental formula on seeds. As it is known that many crop seeds are 

infested with various fungal species, seeds of maize, sunflower, soya and ground 

nuts were placed in agar for 3 days. In all instances fungi covered the petri dishes, 
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after which these were sprayed with the experimental product. The result after 4 

days are shown in IMAGE GROUP H below. Once we were satisfied that we had a 

workable model, the product was tested in vivo on various fungal pests to good 

effect. 

IMAGE GROUP H 

  
 

5. Testing formula on Fusarium. The findings were as follows: 

• A Fusarium samples were taken from infested tree trunks and cultivated in an agar 

growth medium for 3 days at 25°C and were then sprayed with PSHB-F. The result after 

24 hours is clearly visible, showing an elimination factor of some 50%. Refer IMAGE 

GROUP I for visual confirmation  

 

IMAGE GROUP I: Reduction in Fusarium fungi treated with Experimental 

sample within 24 hours. 

 
 

• Microscopic observation of the effect of Experimental formula on Fusarium E. 

Fusarium was cultivated, isolated and under microscopic observation showed 

serious discolouration, disintegration and mortality of the fungus within 24 hours. 
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Refer IMAGE GROUP J for a series of slides depicting this degeneration. 

IMAGE GROUP J 

 
 

§ FUSARIUM SAMPLES FROM CULTIVATED IN GROWTH MEDIUM. Two samples of both 

the treated and untreated cut sections were taken and cultivated in a growth 

medium at 25°C for 3 days. The slides below confirm that in respect of the control, 

full and substantial fungal growth was observed (Refer IMAGE GROUP K below). 

 

IMAGE GROUP K: GROWTH OF FUSARIUM WITHOUT TREATMENT WITH EXPERIMENTAL 

FORMULA 

 
 

• The slides below indicate the relative growth of fungi of samples taken from branch 

slides discussed above (post-treatment). Clearly, the degree of Fusarium growth (if 

any) was effectively suppressed and we conclude that the formula is an effective 

fungicidal on the Fusarium (IMAGE GROUP L below) 

 

IMAGE GROUP L: SIDES DEPICTING LACK OF GROWTH WHEN TREATED WITH EXPERIMENTAL 

FORMULA. 
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• WEEPING EFFECT AS RESULT OF FUSARIUM. It has been speculated that the weeping 

effect seen on infected trees may be the direct result of Fusarium infestation. Further, 

tree trunks sometimes show bright discoloration, which may also be caused by 

Fusarium. This theory was tested on two live trees identified in Delta Park, 

Johannesburg. Both areas were marked and sprayed with the Experimental 

Fungicidal.  After twenty-four hours photos reveal that the weeping stopped and the 

discoloration was removed. It appears that Fusarium infestation may be directly 

linked with these symptoms (Refer IMAGE GROUP M for comparative photos of these 

observations).  

 

IMAGE GROUP M: COMPARATIVE PHOTOS SHOWING PHYSICAL CHANGES TO TREE TRUNKS 

AFTER TREATMENT WITH EXPERIMENTAL FORMULA. LEFT=WEEPING, RIGHT= DISCOLORATION. 

 
 

After a few days large numbers of beetles escaped from trunks that were used for fungal 

experiments. These beetles were live and showed no signs of pesticide damage and we 

speculate that once the Fusarium inside the trunks were removed, beetles no longer had 

food to survive and escaped in order to find alternative feeding sources. 

 

• FUNGICIDAL EFFECT OF PSHB-F ON TREE SAMPLE INFESTED BY PSHB BEETLE AND 

FUSARIUM. A heavily infested Box elder tree was found at Delta Park. One branch was 

treated with PSHB-F and cut. After 24 hours the branch was cut into 5cm slices. This 

was purposely done in order to give the fungicidal formula the opportunity to 

penetrate without interference and to ensure that the cut sections had the 

opportunity to penetrate freely and as deeply as necessary. Photos were taken of the 

cut sections, and the photos on the left below clearly shows the presence of Fusarium 

infestation, and Photos on the right below show the fungicidal effect after five days. 

The absence of Fusarium is clearly visible (Refer IMAGE GROUP N for photos of these 

results) 
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IMAGE GROUP N 

 
 

FUSARIUM FIELD STUDY  

The field trial of 20 trees testing the Insecticidal efficacy of the Cypermethrin/ANODS 

combination also included the assessment of Fungicidal efficacy of the Fungicidal Product. 

The method used was to spray the trunk and lower branches with the Fungicidal diluted by 

1:50 parts water. Depending on the size of the tree, average volume sprayed per tree was 5 

litre per tree. After 24 hours one sprayed branch was removed from each tree, and a 50cm 

section was taken to the Parys Laboratory, where the assessments were done. 

It appeared that on average the degree of fusarium infestation at initial assessment was 60% 

of total branch surface area, and that this progressively reduced to 5% after 4 weeks (refer 

table below and IMAGE GROUP O below of 1 test tree branch example ). 

Weekly observations on the trees were also done to assess visible signs of fungicidal effect. 

These signs were: reduction/removal of weeping, reduction/removal of discoloration 

patches, changes to the appearance of entry holes. As the assessment of these were based 

on subjective observations, and the mentioned signs could not at this stage be scientifically 

confirmed as directly linked to the presence of fusarium infestation, any such changes were 

not statistically recorded. Also, the signs were not present on all trees. However, clear signs of 

reduction were observed in all instances where they did manifest. A further interesting 

phenomenon occurred in that on some trees larvae excited (See IMAGE GROUP P below). It 

is theorised that these larvae excited due to a lack of fusarium, and that they escaped to 

seek food.  
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SUMMARY OF FUSARIUM MEASUREMENTS AS PERCENTAGE OF TOTAL TRUNK SURFACE AREA 

 
NOTE: The surface areas of each tree trunk was assessed for extent of fusarium infestation over a four week period. 

The above table indicates the averages of each of the 5 tree species, and then the weekly regression of fusarium 

was expressed as percentage of the average trunk surface area.  

GRAPH DEPICTING RELATIVE WEEKLY REDUCTION IN FUSARIUM SURFACE AREA 

 

 
IMAGE GROUP O 

ACER NEGUNDO (Test tree 20)  TOP 

 
ACER NEGUNDO (Test tree 20) SIDE 

 



 
 

 14 

ACER NEGUNDO (Test tree 20)  FRONT 

 

 
 

ACER NEGUNDO (Test tree 20)  BOTTOM 

 

IMAGE GROUP P 

IMAGE GROUP of fusarium larvae (marked in red) that excited a tree treated with Fungicidal 

formula. 

   
 

CONCLUSION. 

It is re-iterated that all tests were conducted with “Proof of Concept” in mind, and replicated 

field trials will now be done taking cognizance of seasonal variables, tree variety, growth 

cycles and beetle activity variables. The present evaluation revealed the following: 
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• The penetrating ability of the ANODS is a key feature to any treatment, and in its present 

state offers the potential to combat the scourge of PSHB beetles. 

• The products are easy to apply and offers an economically viable alternative to 

expensive and labour intensive injection systems, especially where treatments of large 

numbers of trees is required. 

• There is positive evidence that the Insecticide/ANODS works better than any current 

insecticide or modality of treatment currently available. 

• The Fungicidal formula works well, especially due to its penetrating ability through the 

various layers of the tree trunk. Clear indications have been observed that it had a 

destructive effect on Fusarium, however it is too early to fully assess the long term 

remedial effect on trees. 

• From a toxicological perspective, the 2 formulations offer the least possible harmful 

impact on the wider ecology. 

 

  

Louis Meyer 

Project Co-ordinator 

 


