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1  Introduction

Pollination plays a key role in the establishment of successful fruit setting in agri-
culture and horticulture, which is why managed pollinators are often relied upon to 
improve yield in greenhouses and open fields. Using the entomovectoring technol-
ogy, pollinators can potentially provide a second service, being the dispersal of 
biological control agents (BCOs) to the crops to suppress pest species and plant 
pathogens. Starting with the first study by Peng et al. (1992) on the possibility to 
protect strawberries against grey mould using honey bees, multiple studies have 
investigated the potential of entomovectoring to protect crops. In this chapter, dif-
ferent case studies are presented both in open field and greenhouse conditions aim-
ing to protect different target crops. These case studies give an overview on the 
knowledge that is available on using pollinators to vector BCOs to target crops and 
suppress diseases. It should be noted though that, because of the fact that the effec-
tiveness of entomovectoring is determined by the interaction of many components, 
results cannot be extrapolated automatically to designs using different target crops 
or control agents (Fig. 1).
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2  Entomovectoring for the Protection of Strawberries

Strawberry is a worldwide grown fruit crop in both open field and greenhouses. 
However, yields are often limited by diseases, the most destructive one being grey 
mould. Grey mould is caused by the airborne plant pathogen Botrytis cinerea and is 
most destructive on mature or senescent tissues of a variety of dicotyledonous hosts, 
including strawberry (Williamson et  al. 2007). Symptoms become visible when 
fruits are ripening but infection with the pathogen occurs at flowering, as the sta-
mens are considered to be the principal infection court. Therefore, treatment of the 
newly opened flowers seems to be the most effective strategy to prevent infection by 
B. cinerea (Mertely et al. 2002). As pollinators can potentially deliver control agents 
directly to the flower as soon as they are open and available for pollination, entom-
ovectoring has been investigated as a way to protect strawberry plants against B. 
cinerea. The first study by Peng et al. (1992) investigated whether honey bees could 
disperse Gliocladium roseum, a fungus which suppresses spore production of 
Botrytis cinerea, to strawberry crops in open field and greenhouses by loading their 
Peng dispenser with a mix of talc-corn meal and spores. They found that honey bees 
emerged from the dispenser, carried the powder and transferred it successfully to 
the strawberry flowers. The amounts of transferred inoculum seemed sufficient to 
suppress B. cinerea, except when honey bee activity was reduced due to bad weather 
conditions.

The potential of another BCO, Trichoderma harzianum, was investigated in 
three different studies. The first one was conducted by Kovach et al. (2000) over a 
period of 4 years and used both honey bees and bumble bees as vectors. During the 
experiment, strawberry fields on several locations near New York (USA) were mon-
itored and the effectiveness of Trichoderma harzianum 1295–22 spraying and vec-
toring was investigated. The authors reported that flowers in patches where the BCO 
was vectored by bees had lower concentrations of T. harzianum compared to flowers 
in patches that were treated with BCO’s through spraying application. However, it 
was apparent that the level of control achieved through entomovectoring with bees 

Fig. 1 Bumble bee of 
Bombus terrestris covered 
with a biological control 
agent (BCA) powder 
formulation, foraging on a 
strawberry flower. (Source: 
Veerle Mommaerts)
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was higher than the spraying. It was also comparable or sometimes even higher to 
the control level as provided by commercial fungicides that were applied by spray 
at bloom. Moreover, it was remarked that the bee visits increased the seeds on col-
lected strawberries with 22% and caused an increase in weight of up to 40% com-
pared to strawberries in non-visited plots. Based on these findings, the authors 
concluded that the bee-vectored T. harzianum can be considered as a viable strategy 
for growers who wish to minimize the use of fungicides in the fight against B. cine-
rea. For more detailed information on the different experiments conducted during 
these 4 years, consult the original paper of Kovach et al. (2000).

A second study was conducted by Shafir et al. (2006) where a different strain, 
Trichoderma harzianum T39, was vectored by honey bees under open field condi-
tions in Israel over two consecutive growth seasons. The authors compared the 
effect of the spraying of commercial fungicide with the vectoring of T. harzianum 
T39 (commercially developed as “Trichodex” for the control of grey mould). Honey 
bees were loaded with the powder formulation using the Triwaks dispenser as devel-
oped by Bilu et al. (2004).

Over the two seasons, the same protocol was used. It consisted of a randomized 
complete block design with four different treatments, being (1) fungicide only, (2) 
bee-vectored only, (3) both fungicide and bee-vectored, and (4) control. Sufficient 
levels of T. harzianum (104 CFU per flower) were found on flowers up to 200 meters 
from the hives in the bee-vectored treatments. It was concluded that the transmis-
sion of T. harzianum by honey bees is effective, but the ability to suppress grey 
mould was not constant throughout the season. The efficiency of both the fungicide 
and the vectored T. harzianum was best at the start of the season and started to fail 
towards the end, when the number of symptomatic fruits became too high. A third 
study was conducted by Albano et al. (2009) using honey bees (Apis mellifera) and 
bumble bees (Bombus impatiens) to vector the biofungicide “Rootshield” to straw-
berries in fields (honey bees) and greenhouses (bumble bees). They tested the ability 
of the vectors to get dusted with powder when walking through the Houle dispenser 
and deliver the powder to the strawberry crops. They found that both honey bees and 
bumble bees were capable of dispersing the powder efficiently. However, no data 
was reported on the level of disease suppression.

A third BCO that has been tested to protect strawberries against grey mould 
through entomovectoring is Gliocladium catenulatum, a fungus which is originally 
isolated from the soil. It is now produced by the Finnish company Verdera and com-
mercially available as “Prestop”. The first study investigating the potential of 
“Prestop”, conducted by Hokkanen et al. (2012), started in 2005 and lasted over a 
period of 4 years. Research took place on different locations in Finland and used a 
newly developed dispenser, the BeeTreat dispenser, to load honey bees with 
“Prestop”. Experiments took place in open field conditions and compared the dis-
ease incidence and marketable yield between four different treatments, being (1) 
bee-vectored “Prestop”, (2) chemical fungicides, (3) chemical fungicides combined 
with bee-vectored “Prestop”, and (4) control group. Looking at disease control, the 
bee-vectored “Prestop” decreased the disease incidence on average by 50% com-
pared to 65% for chemical fungicides and 80% for the combined treatment. Based 
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on disease incidence, a combination of fungicides and bee-vectoring appeared to be 
the best option. However, when total marketable yield was investigated, the authors 
found that bee-vectored biocontrol was as effective, or in some years even more 
efficient, compared to the fungicides and the combined treatment. Comparing the 
marketable yields between the treatments collected in 2008 showed that it was only 
marginally larger in the fungicides treatment compared to the control. The bee- 
vectored biocontrol provided the highest yield with a 90% overall increase com-
pared to the control group. Combining biocontrol with fungicides did not increase 
the yield any further despite the fact that disease suppression was better in this 
group (Fig. 2a). This suggests that sprays might have an impact on the yield poten-
tial of strawberry plants. The increased yield could also partially be attributed to the 
improved pollination of the flowers, as shown by the results of the trials on organic 
farms (Fig. 2b). Enhanced pollination by honey bees increased the yield by 58%, 
while combining pollination with bee-vectored biocontrol increased yield by 105% 
compared to the control group. All treatments were also reported to improve the 
shelf-life of the strawberries after harvesting, approximately doubling their durabil-
ity, with the combination of fungicides and bee-vectored biocontrol increasing dura-
bility the most.

A second study was conducted under greenhouse conditions by Mommaerts 
et al. (2011) using the bumble bee Bombus terrestris. The authors used their own 
dispenser, the Mommaerts dispenser to load bumble bees with “Prestop-Mix” 
(Gliocladium catenulatum Strain J1446) and investigated the ability to suppress 
grey mould (B. cinerea) in manually infected strawberry plants. The experiments 
were conducted in a greenhouse with four fine-meshed tents, each subjected to a 
different treatment: (T1) Control (no pollination or biocontrol), (T2) “Maizena- 
Plus” (pollination and dissemination of Maizena-Plus), (T3) “Prestop-Mix” (polli-
nation and dissemination of Prestop-Mix), and (T4) “Prestop-Mix” + “Maizena-Plus” 
(pollination and dissemination of a 1:1 “Prestop-Mix”:“Maizena-Plus” formula-
tion). All plants were manually infected with 10 μl of a water solution with a con-
centration of 105 B. cinerea spores per ml (Fig. 3). A comparison with a control 
group that was inoculated with water only showed that manual inoculation can lead 
to the development of B. cinerea under the greenhouse conditions, which were con-
sidered optimal for the development of the fungus. The efficacy of the treatment was 
determined by comparing the numbers of flowers that were visited by the bumble 
bees during the first 4 weeks with the numbers of red fruits formed during the fol-
lowing 4 weeks (pre-harvest yield). Strawberries were also incubated for 2 days in 
the laboratory after picking and examined afterwards to determine post-harvest 
effects and yield of the treatments.

As essential results of this greenhouse test, the authors reported a preharvest 
yield which was higher for T3 and T4, with 72 ± 17% and 71 ± 9% of the visited 
flowers developing into strawberries, respectively. For T1 and T2, the yield was 
lower with 54 ± 21% and 51 ± 9%, respectively, indicating a positive effect of the 
vectored “Prestop-Mix” on preharvest yield. The post-harvest yield was also better 
for T3 and T4, as 67 ± 13% and 79 ± 17% of the harvested berries did not show any 
signs of rot after incubation, respectively, compared to 43  ±  13% for T1 and 
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50 ± 10% for T2. The total yields (calculated as % preharvest yield x % post-harvest 
yield) differed significantly between T3-T4 and T1-T2, being 47 ± 10% for T3 and 
56 ± 10% for T4, compared to 24 ± 14% for T1 and 25 ± 8% for T2. The authors 
also found that the foraging activity of the bees was not affected by the powder 
formulation, which is an important condition for effective use of entomovectoring. 
A third three-year study using Prestop-Mix was conducted in Estonia by Karise 
et al. (2016), investigating the potential of bumble bees of B. terrestris to vector the 
powder under open field conditions and suppress B. cinerea infections in open field 

Fig. 2 Overview of the marketable yield (red bars) and mouldy berries (grey bars) per 1 m of 
strawberry row. (a) compares marketable yield from the different treatment groups relative to the 
untreated control group (control yield = 100%) [Data from 2008 on 4 farms, each with 4 repli-
cates]. (b) shows the yield on an organic strawberry farm in 2008. Compared treatments are 
untreated control (no disease control and only natural pollination), enhanced pollination (no dis-
ease control and increased pollination by honey bees) and enhanced pollination combined with 
bee-vectored biocontrol. Taken from Hokkanen et al. (2012)
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Fig. 3 Experimental set up of the greenhouse experiment conducted by Mommaerts et al. (2011), 
showing the four different treatments. Taken from Smagghe et al. (2012)

strawberries. The authors reported a significant reduction in grey mould infections 
during the first 2  years, but not in the third year, when the weather conditions 
were very favourable for Botrytis development, which resulted in a high disease 
level. Similar to the study of Shafir et al. (2006), the vectored BCO was not able to 
suppress the high levels of disease pressure under these very rainy conditions.

3  Entomovectoring Against Botrytis cinerea in Raspberry

Just like strawberries, raspberries can also suffer from yield loss caused by B. cine-
rea. Spraying applications are often not efficient due to the short lived flowers, 
as  this makes it difficult or even impossible to time the applications so they can 
protect all flowers. Yu and Sutton (1997) investigated if Gliocladium roseum could 
be vectored by honey bees (A. mellifera) and bumble bees (B. impatiens) in open 
fields, to investigate if alternatives are available to replace spraying applications.

Field tests were conducted using two cultivars of raspberry, being the summer- 
bearing “Boyne” and fall-bearing “Redwing”, during the summer of 1993 and 
1994. In both years, crops were divided into four treatments, being (T1) control, 
(T2) G. roseum spray application, (T3) G. roseum honey bee-vectored and (T4) G. 
roseum bumble bee-vectored. To assess treatment effects on the incidence of B. 
cinerea in the flowers, 16 flowers were taken from each plot and divided into 4 
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 different groups which were sprayed with B. cinerea at concentrations of 0, 103, 104 
or 105  conidia/ml.

The results of Yu and Sutton (1997) are shown in Fig. 4. Honey bee-vectored and 
bumble bee-vectored G. roseum seemed capable to suppress B. cinerea in both sta-
mens and stigmas. Only on the first day after applying the pathogen (14th of June 
for “Boyne” and 10th of August for “Redwing”), spray applications resulted in a 
higher level of control. It should be noted that by looking at the results of each group 
separately, it was revealed that G. roseum vectored by honey bees and bumble bees 
was not able to control B. cinerea when a concentration of 105 conidia/ml was 
applied. To assess treatment effects on the incidence of grey mould on the fruits, 36 
ripe berries were picked at random and incubated to check for the presence of the 
fungus (Yu and Sutton (1997). The application of G. roseum resulted in a significant 
decline of grey mould fruit rot in the cultivar “Boyne” in June 1994. There was a 
reduction from 90% in the control group to 41% for spray, 67% for bumble bees and 
68% for honey bees. During the trails in June 1993 there was no significant reduc-
tion compared to the control group, which had an incidence of 65%. For the cultivar 
“Redwing”, neither of the trials in 1993 or 1994 found a significant reduction of the 
incidence compared to the control groups (50% incidence in 1993 and 60% in 
1994). While stamens and stigmas were continuously protected by the bee-vectored 

Fig. 4 Sporulation incidence of Botrytis cinerea on stamens and stigmas in flowers of raspberry 
cv. Boyne and cv. Redwing in the different treatments. Data bars are pooled means of means for 
flowers that were challenge-inoculated with 0, 103, 104 and 105 conidia of B. cinerea per ml of 
water plus surfactant. Observations assigned with a different letter are significantly different. 
Taken from Yu and Sutton (1997)
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G. roseum, control of fruit rot seemed to be inconsistent. Yu and Sutton (1997) 
attributed this to the fact that, despite the fact that B. cinerea often infects the fruits 
in an indirect way through the flowers, there is evidence that the conidia can also 
infect the ripe fruit surface, resulting in a grey mould infection on fruits that grew 
from protected flowers.

4  Entomovectoring for Biological Control in Sweet Pepper

Tarnished plant bug (Lygus lineolaris, TPB) and western flower thrips (Frankliniella 
occidentalis, WFT) are two pest species found on greenhouse crops, including 
sweet peppers. While biological control measures can in some cases be efficient to 
fight pests as WFT, chemical insecticides are required for effective control on sweet 
peppers. TPB is also difficult to be kept under control with BCOs, making chemical 
pesticides the main, only control strategy (Al-mazra’awi et  al. 2006). The first 
study on entomovectoring against these pest species in sweet pepper was conducted 
by Al-mazra’awi et al. (2006) and focused on the BCO Beauveria bassiana, a fun-
gus that is active against both TPB and WFT. The bumble bee B. impatiens was 
selected as the vector to transfer the BCO to the sweet peppers and worker bumble 
bees were loaded using a slightly modified model of the Peng dispenser. The trials 
took place in a greenhouse using a randomized block design with each trial being 
replicated over time. The four treatments were (T1) bee-vectored B. bassi-
ana + TPB, (T2) bee-vectored B. bassiana + WFT, (T3) bee-vectored heat-inacti-
vated B. bassiana + TPB + WFT, and (T4) TPB+ WFT, without the presence of 
bumble bees or BCO.

The authors found that 90% of the flowers showed detectable amounts of B. 
bassiana, demonstrating a successful transfer from the dispenser to the target crops. 
The BCO was also recovered on the leaves of the crops. TPB and WFT were sam-
pled on two different dates and mortality was assessed. During the first sampling, 
TPB individuals in treatment (T1) displayed a mortality of 33.6  ±  6.6% (with 
90.0 ± 3.1% mycosed) compared to 9.2 ± 2.7% (6.0 ± 4.4%) mortality (mycosed) 
for treatment (T3) and 14.8 ± 4.1% (0%) for treatment (T4). For the second sam-
pling, this was 45.0  ±  3.9% (91.0  ±  3.0%) for treatment (T1), 15.3  ±  3.2% 
(14.5 ± 7.5%) for treatment (T3) and 9.0 ± 1.9% (1.7 ± 1.7%) for treatment (T4). 
For both samplings, the mortality in treatment (T1) was significantly higher com-
pared to the others, demonstrating a significant effect of the vectored B. bassiana on 
the mortality of the TPB. The same significant difference between the viable B. 
bassiana treatment and the controls was found for WFT. Treatment (T2) showed a 
mortality of 39.5 ± 11.8% (34.1 ± 6.9%) on the first sampling date and 34.1 ± 6.9% 
on the second sampling date. In comparison, treatment (T3) showed a mortality of 
3.4 ± 2.6% and 3.1 ± 2.6%, respectively, whereas treatment (T4) had a mortality rate 
of 2.2 ± 2.2% and 0.5 ± 0.5%, respectively. The percentage of individuals showing 
mycosis was not reported for the WFT adults.
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Kapongo et al. (2008a) investigated the optimal concentration for the vectored 
BCO powder containing B. bassiana (“BotaniGard 22WP”) to control TPB and 
green peach aphid (GPA) (Myzus persicae) on greenhouse sweet pepper, using 
bumble bees of B. impatiens as a vector. The experiment consisted of a randomized 
block design with 5 treatments, being (T1) low concentration of B. bassiana, (T2) 
middle concentration of B. bassiana, (T3) high concentration of B. bassiana, (T4) 
heat inactivated B. bassiana, and (T5) control treatment without bumble bees. For 
TPB, no mortality was found in treatment (T4) and (T5). Treatment (T1) resulted in 
the killing of 33.0 ± 5.0% of the adults, which was significantly lower compared to 
treatment (T2) and (T3), which had a mortality of 69.7 ± 3.6% and 67.1 ± 5.2%, 
respectively. Treatment (T2) and (T3) did not differ significantly from each other. 
For GPA, the same pattern was observed. Mortality in treatment (T1) (21.5 ± 3.5%) 
did differ significantly from the percentage found in treatment (T2) (33.5 ± 3.3%) 
and treatment (T3) (29.5 ± 5.3%), but no difference was found between the latter 
two. Treatment (T4) and (T5) both showed no mortality. Based on the data obtained, 
it looks that both the medium concentration (6.24×1010) and high concentration 
(2×1011) are able to affect the populations of both pest species.

A third experiment aimed to confirm the potential to co-vector B. bassiana and 
Clonostachys rosea using bumble bees of Bombus impatiens to control TPB and 
grey mould (B. cinerea) in sweet pepper simultaneously (Kapongo et al. 2008b). 
The experiment consisted of three treatments: (T1) mixed formulation of B. bassi-
ana and C. rosea, (T2) heat-inactivated inoculum, and (T3) control treatment with-
out inoculum or bumble bees. Plants were manually inoculated with B. cinerea. 
Treatment (T1) caused a mortality of 72.5 ± 1.4% of the adult TPB, which was 
significantly higher compared to the control treatments. The mortality in treatment 
(T2) was 10.8 ± 2.2%, and in treatment (T3) 10.8 ± 1.2%; the control groups showed 
no significant difference with (T2). In treatment (T1), grey mould on sweet pepper 
was suppressed by 58.9% in the flowers and by 46.8% on the leaves.

5  Entomovectoring for Biological Control in Tomato Plants

Another greenhouse crop which is grown around the world is tomatoes. Two pest 
species are frequently found on greenhouse tomatoes, being the greenhouse white-
fly (Trialeurodes vaporariorum) and the two-spotted spider mite (Tetranychus urti-
cae) (Lange and Bronson 1981). So far, no research has been done on the possibility 
to suppress two-spotted spider mite using entomovectoring, but two studies investi-
gated the effect of bumble bee-vectored BCOs to control greenhouse whitefly 
(GWF) in tomato greenhouses. The first study by Kapongo et al. (2008a) vectored 
B. bassiana under different concentrations using bumble bees of B. impatiens, with 
the same design as described above for sweet pepper. The effects of different con-
centrations of B. bassiana were investigated by checking the mortality percentage 
of adult greenhouse whiteflies in each treatment. Both control treatments (no inocu-
lum and heat inactivated inoculum) did not cause any mortality among the 
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whiteflies. The low, middle and high concentration of B. bassiana resulted in 
17.9  ±  2.1%, 53.9  ±  3.4% and 55.9  ±  4.2% mortality, respectively. The authors 
reported a significant difference between the low concentration and the middle or 
high concentration, but no significant difference between the middle and high con-
centration (Fig. 5).

A second study investigated the effect of the vectoring of a mix of B. bassiana 
and C. rosea to suppress both greenhouse whiteflies and grey mould at the same 
time (Kapongo et al. 2008b). The setup was identical as described above for the 
experiment with sweet pepper. Greenhouse whitefly adults in the B. bassianae + C. 
rosea treatment showed a significantly higher mortality percentage (59.1 ± 2.5%) 
compared to the ones in the heat-inactivated treatment and the control group 
(18.8 ± 6.6% and 20 ± 2.5%, respectively).

6  Entomovectoring Against Plant Pathogens in Blueberries

Among all diseases associated with blueberries, Monilinia vaccinii-corymbosi has 
de greatest economic impact on the industry (Scherm et  al. 2001). M. vaccinii- 
corymbosi is a pathogenic fungus which infects open blueberry flowers and causes 
mummy berry disease, resulting in a yield decrease in blueberry fields. Since blue-
berries are dependent on sufficient pollination to ensure adequate fruit set, commer-
cial blueberry producers often use supplemental bees to increase their yield (Dedej 
et  al. 2004). However, pollinators are also the main vectors of the M. vaccinii- 
corymbosi conidia, leaving the growers with a dilemma as increasing pollination is 

Fig. 5 Dispenser used by Kapongo et al. (2008a) to load Bombus impatiens with Beauveria bassi-
ana. Taken from Kapongo et al. (2008a)
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also likely to increase the incidence of mummy berry disease. In search of a solution 
for this dilemma, Scherm et al. (2004) investigated if the biofungicide “Serenade”, 
a commercial formulation of Bacillus subtilis, was able to control flower infections 
when it was applied directly to the stigmas of open flowers. During tests in the lab, 
flowers were treated manually, but this would be unable to achieve in the field. In 
search of an alternative way to apply the “Serenade”, Dedej et al. (2004) used honey 
bees to deliver Serenade to the stigmas of rabbiteye blueberry bushes and suppress 
M. vaccinii-corymbosi. Honey bees were loaded with “Serenade” using the Gross 
dispenser and delivered the powder to plants under open field conditions. Treatments 
consisted of vectoring “Serenade” using different bee densities in the first year (0 
bees, 1600 bees or 6400 bees) of the study. During the second and third year, addi-
tional treatments were added using the same bee densities, but no “Serenade” to 
vector. To assess the effect of the vectored “Serenade”, 30 fruit clusters were 
selected and bisected to assess the presence of mycelia or pseudosclerotia of M. 
vaccinii-corymbosi. It was found that disease levels increased with bee density and 
were lower when “Serenade” was vectored. Disease incidence in treatments with 
6400 bees and no “Serenade” was highest among all treatments (21.1% in 2002 and 
66.5% in 2003, compared to 14.2% and 30.5% for the control treatment in 2002 and 
2003, respectively). Treatments with 6400 bees including “Serenade”, resulted in 
that the disease incidence dropped to 6.6% and 43.5% in 2002 and 2003, respec-
tively. These results demonstrate that increasing the number of honey bees to 
improve pollination may increase the risk of spreading mummy berry disease in the 
field. Like strawberries and raspberries, blueberries can also suffer from grey mould 
caused by B. cinerea. Reeh et  al. (2014) investigated the effect of bumble bee- 
vectored Clonostachys rosea (the commercial form “Origro’s Endophyte”) on the 
development of grey mould on lowbush blueberries under open field conditions. 
They found a significant reduction of the percentage of blossoms infected with B. 
cinerea, but total percentage of infected blossoms still remained high (up to 90% in 
some cases). The results demonstrated that entomovectoring alone might not be 
able to provide an economic advantage for blueberry growers suffering from grey 
mould, but it might be able to be effective when used as part of an integrated pest 
management plan.

7  Entomovectoring Against Pathogens and Pests 
in Sunflowers

Sunflower growers often suffer economic losses by pest species such as the banded 
sunflower moth (BSM) (Cochylis hospes). While chemical pesticides may control 
the damage afflicted by this species, it can also be detrimental for the honey bee 
populations visiting the sunflowers. As honey bees of A. mellifera are the main pol-
linator of sunflowers (Sosa 1988), alternatives were needed for an efficient control 
of the BSM that would not affect the honey bee populations that pollinated them. 
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Jyoti and Brewer (1999) vectored Bacillus thuringiensis var. kurstaki, a BCO regis-
tered for use on sunflower to control BSM, with the use of honey bees under open 
field conditions. The potency of honey bee-vectored B. thuringiensis was compared 
with a spray application using a set-up with 3 treatments: (T1) sunflowers with bee-
vectored BCA, (T2) sunflowers with spray application of the BCA, and (T3) control 
treatment. The experiment was performed twice, once in 1996 and once in 1997. 
Three sunflower heads were collected per sampling sites which radiated outward 
7.6 m, 15.2 m and 22.8 m from the centre of each block and each assigned to a dif-
ferent treatment. The flower heads were infested with 50 BSM eggs and collected at 
physiological maturity. A first sample of 100 seeds was taken from each flower to 
determine the percentage of seeds damaged by BSM. A second sample of 100 seeds 
was taken to determine the weight of the seeds and seed oil concentration.

The authors found that bee-vectored B. thuringiensis resulted in a significantly 
lower amount of damaged seeds (1996: 12.1 ± 0.2%; 1997: 12.2 ± 0.4%) compared 
to the control group (1996: 21.1 ± 0.2%; 1997: 22.3 ± 0.4%). In 1997, there was also 
a significant difference between bee-vectoring and spray application, with bee- 
vectored B. thuringiensis resulting in a lower percentage of damaged seeds, but in 
1996 no significant difference was found. The seed set (percentage of filled seeds) 
was also significantly higher in the bee-vectored treatment compared to the other 
two during both years. Seed oil content and seed yield always differed significantly 
between the bee-vectored treatment and the control group, indicating an overall 
positive effect of the presence of honey bees and the vectored B. thuringiensis. In 
most cases, bee-vectored control agent was also more effective compared to the 
spray application. These results demonstrate the positive influence of honey bees on 
sunflowers, both in the presence and absence of vectored B. thuringiensis. A second 
study conducted by Escande et al. (2002) in Argentina focused on entomovectoring 
to fight the plant pathogen Sclerotinia sclerotiorum, which causes sunflower head 
rot. The authors found that using honey bees to vector a mix containing various 
strains of Trichoderma sp. could significantly reduce head rot incidence in sunflow-
ers. When combining the treatment with a resistant genotype of sunflowers, reduc-
tions of 90–23% were found. On top of that, the experiments were conducted under 
conditions where the incidence of Sclerotinia sclerotiorum could be as high as 86%, 
while under natural conditions the disease was found not to exceed 68%. Again 
however, no data was collected on the yield obtained in the presence or absence of 
honey bee-vectored S. sclerotiorum for determining the economic value of using 
entomovectoring to protect sunflowers against pathogens and pest species.
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