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RESEARCH ARTICLE
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and P. Spanogheb
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Agricultural Engineering, Merelbeke, Belgium; bDepartment of Crop Protection, Ghent

University, Ghent, Belgium; cInagro, Rumbeke-Beitem, Belgium

(Received 5 November 2012; returned 17 December 2012; accepted 15 February 2013)

This study explores the influence of a selection of adjuvants and of three different
nozzle sizes on the foliar application of entomopathogenic nematodes (EPNs).
Two EPN species were studied: Steinernema feltiae and Steinernema carpocapsae.
A viability test of EPNs suspended in different solutions of adjuvants showed that
all selected alcohol ethoxylates and an alkyl polysaccharide have an immobilising
effect on the selected nematode species. In a sedimentation test, xanthan gum
proved to be the only adjuvant in a broad selection, capable of delaying
sedimentation of EPNs in suspension. Without xanthan gum, sedimentation of
S. carpocapsae and S. feltiae was noticeable after 20 and 10 minutes, respectively.
When xanthan gum (0.3 g/L) was added to the suspension, no signs of
sedimentation were noticed after 20 minutes with both EPN species. An ISO 02
flat fan nozzle can clog when spraying S. carpocapsae. A deposition test
determined that an ISO 04 standard flat fan nozzle provides a higher relative
deposition on cauliflower leaves and is therefore a better nozzle choice than the
bigger ISO 08 standard flat fan nozzle for spraying S. carpocapsae. The addition
of a spreading agent improved the deposition of S. carpocapsae. Adding xanthan
gum to the EPN-spreading agent mixtures did not further improve deposition.

Keywords: viability; sedimentation; deposition; Steinernematidae; spray nozzle

Introduction

Entomopathogenic nematodes (EPNs) are commercially produced for inundative

release of their infective juveniles (IJs), mostly as a soil drench against soil-dwelling

insects (Wright, Peters, Schroer, & Fife, 2005). However, several studies have also

examined the potential of these soil-dwelling EPNs in foliar applications (Baur,

Kaya, Gaugler, & Tabashnik, 1997; Brusselman et al., 2012b; Mason, Matthews, &

Wright, 1998; Schroer & Ehlers, 2005). Any technique that can minimise losses

during the transfer of EPNs from the tank to the target foliage is much sought after,

since one of the factors determining the (lack of) success of EPNs is the price: EPNs

are some of the most expensive active ingredients used for insect control.

Furthermore, cover and placement of EPNs are critical, because EPNs survive no

longer than a few hours on the leaves (Wright et al., 2005).

*Corresponding authors. Email: bert.beck@ilvo.vlaanderen.be; david.nuyttens@ilvo.vlaanderen.be

Biocontrol Science and Technology, 2013

Vol. 23, No. 5, 507�520, http://dx.doi.org/10.1080/09583157.2013.777692

# 2013 Taylor & Francis

D
ow

nl
oa

de
d 

by
 [

D
av

id
 N

uy
tte

ns
] 

at
 0

0:
35

 2
2 

A
pr

il 
20

13
 

http://dx.doi.org/10.1080/09583157.2013.777692


Foliar applications generally use conventional spraying equipment, normally used

for chemical control. However, the use of conventional spraying equipment has some

drawbacks. First, EPNs have a density of about 1.05 g/cm3 (Wright et al., 2005), which

is higher than the density of the water in which they are suspended. This causes EPNs

to rapidly sediment on the bottom of a spray tank without agitation (Brusselman,

Moens, Steurbaut, & Nuyttens, 2010). Adding a dispersant or a humectant to the

spray liquid can delay the sedimentation (Schroer, Ziermann, & Ehlers, 2005).

Secondly, spray droplets containing EPNs can bounce or roll from leaves. Bouncing

and rolling of spray droplets from leaves occur more frequently with bigger spray

droplets (Crease, Hall, & Thacker, 1991). Nonetheless, coarse droplets seem to be

needed, because EPNs are relatively large organisms. Lello, Patel, Matthews, and

Wright (1996) calculated that the minimum droplet diameter needed to accommodate

an IJ of Steinernema carpocapsae Weiser (average IJ body length: 558 mm) is 178 mm. It

should be noted that other, larger nematode species (e.g., Steinernema glaseri, average

IJ body length: 1130 mm) probably require larger droplet diameters. Considering both

the need for a minimum droplet diameter, and the increase of losses due to bouncing

and rolling of bigger droplets from leaves, it is obvious that an appropriate nozzle

choice is essential to deliver the requested high number of EPNs onto the leaves.

Besides nozzle choice, adding surfactants to the tank may help to prevent spray

droplets from bouncing or rolling from leaves, by altering the surface tension of

droplets. This in turn decreases the volumetric median diameter (VMD) of the spray,

and reduces the percentage of rebounded droplets, potentially increasing the

deposition of EPNs on leaves (Massinon & Lebeau, 2012; Reichard, Cooper, Bukovac,

& Fox, 1998). Adding humectants to the tank mix may increase deposition even

further, as these adjuvants reduce run-off from the leaves (Schroer et al., 2005).

Furthermore, surfactants and humectants can improve the biological control capacity

of EPNs, e.g., the use of a surfactant and a humectant with Steinernema feltiae Filipjev

against the codling moth, Cydia pomonella (L.) (Lacey, Arthurs, Unruh, Headrick, &

Fritts, 2006). However, Mason et al. (1998) found that adjuvants can have a temporary

immobilising effect on EPNs. Arthurs, Heinz, and Prasifka (2004) stated that

adjuvants can be nematicidal on occasions, so adjuvants should always be tested for

toxic effects on EPNs at agriculturally relevant concentrations.

This paper focuses on the selection of adjuvants and nozzle size to be used for

foliar applications of EPNs. (It should be noted that the nozzle size strongly

influences the droplet characteristics and the spray volume.) This study starts out

with the selection of suitable adjuvants for EPN spray applications on the basis of

the absence of toxic or immobilising effects on EPNs. The selected humectants and

dispersants are further screened for their effects on the sedimentation of EPNs in a

tank suspension. Finally, the effect of the surfactants, a humectant and nozzle size on

the deposition of S. carpocapsae, a very desiccation-tolerant EPN species (Patel,

Perry, & Wright, 1997), on hydrophobic cauliflower leaves is investigated.

Material and methods

Nematodes

Two species of EPNs were selected for the tests: (1) S. carpocapsae (trade name:

Carpocapsae-System � Nemasys
†

, Biobest, Westerlo, Belgium � Becker Underwood,
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Littlehampton, UK), which is marketed worldwide for the control of moths, crane

flies, mole crickets and several beetle larvae (Biobest, 2013), and (2) S. feltiae (trade

name: Entonem, Koppert, Berkel en Rodenrijs, The Netherlands), which is marketed

worldwide for the control of larvae of Sciaridae and black vine weevil and for the
control of larvae and pupae of thrips (Koppert, 2013).

Viability test

Five litres of stock spray suspension was prepared. This suspension consisted of tap
water mixed with 2.5 million IJ/L of either one of the EPN species. The spray

suspension was kept turbulent by pumping air through it with a diaphragm vacuum

pump (KNF Neuberger Laboport
†

N816.3K_.18, flow rate: 16 L/minute). After 30

minutes, the concentration of the EPNs in the suspension was homogenised by

repeatedly pouring the suspension from one container to another. Two 200-mL

samples were taken and transferred to 250-mL round-bottom flasks. An amount of

0.2 g of the adjuvant under investigation was added to one of the flasks. Both flasks

were put on a shaker at 120 rpm. In a first series of experiments, a subsample of 100
mL was taken from each flask and transferred to a separate counting plate after three

hours. In a second series of experiments, the same was done but after 15 hours. Tap

water was added to the two plates until the bottoms of the plates were completely

covered. The nematodes were left to settle. Viability was assessed by counting the

total number and the number of dead nematodes on the plates. Nematodes were

considered dead if they did not move after being prodded with a pig’s hair

(Brusselman et al., 2010). Therefore, viability is rather an indicator for the nematode

activity. Three replicates were performed for each adjuvant in Table 1. Each replicate
started from a different stock suspension.

The viability of a subsample was calculated by dividing the number of viable

nematodes (i.e., the total number minus the number of dead nematodes) by the total

number of nematodes on a counting plate. To correct for the variation in the viability

of the different stock suspensions, the percentage of living nematodes on the plates

containing the nematode-adjuvant suspension was normalised by calculating the

relative viability percentage (Equation 1). This equation is based on Schneider-

Orelli’s formula for corrected mortality (Püntener, 1981).

Relative viability percentage ¼

viable EPN in adjuvant suspension

total EPN in adjuvant suspension

� �

viable EPN in control suspension

total EPN in control suspension

� � � 100 (1)

Sedimentation test

To determine the effect of 7 humectants and dispersants (Table 1) on the sedimentation
of EPNs, 2 packages of 50 million IJs of either S. carpocapsae or S. feltiae were

suspended in 10 L tap water. After 30 minutes, the suspension was mixed and poured

into a commercial spray tank (Delvano, Harelbeke, Belgium) with an extra 30 L tap

water. Hence, the nematode concentration in the tank suspension was 2.5 million EPNs/

L. This suspension was stirred with a hydraulic pump during five minutes, to ensure a
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homogeneous distribution of the EPNs. A five-litre subsample of the suspension taken

from the tank was supplemented with one of the adjuvants at a concentration of 0.3 g/

L. Upon complete dissolution of the adjuvant, six 250-mL glass cylinders (Duran) were

filled with 250 mL of the thoroughly mixed suspension. The cylinders were closed and
turned upside down 10 times to ensure a uniform distribution of the EPNs. The

contents of the cylinders were left to settle for 0, 1, 2, 5, 10 and 20 minutes. At the end of

this period of time, the upper 200 mL of the suspension was pumped using the above-

mentioned diaphragm pump. Nematode densities in these 200 mL were estimated by

counting the nematode content in three subsamples. To reduce errors, nematodes were

counted in aliquots (100 mL or more) containing at least 200 individuals. The relative

concentration of the EPN suspension drained from a cylinder was calculated by

dividing the concentration of this suspension by the mean concentration observed in the
cylinder that was drained immediately after turning it (i.e., 0 minutes settling time).

Tests were repeated three times for each combination of EPN species and adjuvant.

Deposition test

The influence of adjuvants on the deposition of an EPN spray on leaves was assessed

for three spreading agents and one humectant, which were selected for their good

Table 1. Preselected surfactants and humectants.

Commercial name Chemical structure Function Company

Synperonic 91/5 C9-11 alcohol-(5)-ethoxylate Surfactant Croda

Synperonic 91/6 C9-11 alcohol-(6)-ethoxylate Surfactant Croda

Synperonic 10/6 Primary branched C10 alcohol-

(6)-ethoxylate

Surfactant Croda

Atplus 245 C9/C11 alcohol ethoxylate/propoxylate Surfactant Croda

Crodasinic LS-30 Sodium lauroyl sarcosinate Surfactant Croda

Adinol OT-72 Sodium N-methyl oleoyl taurate Surfactant Croda

Trend 90 Isodecyl alcohol-(n)-ethoxylate Surfactant Du Pont de

Nemours

Silwet L-77 Polyalkyleneoxide modified

heptamethyltrisiloxane

Surfactant Momentive

SBPI Undisclosed composition, active

ingredient: urea

Surfactant/

fertiliser

Stan

Brouard

Group

Addit Undisclosed surfactant�vegetable oil Surfactant Koppert

AL-2575 C8/C10 alkylpolysaccharide Surfactant/

humectant

Croda

Tween 20 Polyoxyethylene (20) sorbitan

monolaurate

Surfactant/

humectant

Croda

Pricerine 9081 Glycerin Humectant Croda

PVA PVA Humectant Fluka

Xanthan gum xanthan gum Humectant Roth

Synperonic PE/F108 Ethylene oxide/propylene oxide block

copolymer (poloxamer 338)

Dispersant Croda

Synperonic PE/F127 Ethylene oxide/propylene oxide block

copolymer (poloxamer 407)

Dispersant Croda
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performance in both the viability test and the sedimentation test: (1) Silwet L-77

(0.5 g/L), which seemed the best option for a rapid spread of the suspension over the

leaf discs (Tominack & Tominack, 2000); (2) Addit (2.5 mL/L), which is allowed for

use in organic production; (3) SB Plant Invigorator (SBPI, 2 mL/L), a control agent

of various insect pests, that can possibly show synergistic effects when combined with

EPNs; (4) the humectant xanthan gum (0.3 g/L), which yielded the best result in the

sedimentation experiment. Each of the three spreading agents was tested with and

without xanthan gum, resulting in six spray solutions.

The automated spray boom described by Foqué and Nuyttens (2011) was used in

an adapted form. The boom was mounted on a track and pulled at a preset speed

over the track by an electric motor. The following parameters were set for this

automated spray boom, i.e., speed: 1.1 m/s (�4 km/hour), pressure: 4.0�105 Pa

(4.0 bar), boom height: 0.50 m above crop and nozzle spacing: 0.50 m. Three

extended-range flat fan spray nozzles were tested: (1) the TeeJet XR 110 08 nozzle,

(2) the TeeJet XR 110 04 nozzle and (3) the TeeJet XR 110 02 nozzle (TeeJet

Technologies, Wheaton, USA). Standard flat fan nozzles were chosen because of

their good spray distribution: the differences between the distribution of EPNs and

the distribution of a chemical tracer underneath a nozzle are negligible for the

standard flat fan nozzle (Brusselman et al., 2011). This means that flat fans are

equally good at spraying EPNs than at spraying chemicals, for which they were

designed. Moreover, flat fan nozzles give a much more uniform spray distribution

compared with other common nozzle types (e.g., hollow cone nozzles) (Sayinci &

Bastaban, 2011). Furthermore, standard flat fan nozzles are, by far, the most used

nozzles in agriculture. Most farmers have them at their disposal. If all the required

materials to start spraying EPNs are already at a farmer’s disposal, then the step to

start using EPNs is very small. With the selected nozzle sizes, we aimed to cover a

broad range of nozzle sizes, droplet characteristics and flow rates: the ISO 04 nozzle

was selected because it is the most used nozzle size in agriculture. Furthermore, the

ISO 02, a nozzle delivering half the flow rate of the ISO 04 nozzle and a much finer

droplet spectrum than the ISO 04 nozzle, and the ISO 08 nozzle, a nozzle delivering

double the flow rate of the ISO 04 nozzle and a much coarser droplet spectrum than

the ISO 04 nozzle, were chosen. The TeeJet XR 110 02 nozzle tended to get clogged

by the EPN formulation, so no relevant deposition results could be produced with

this nozzle.

At the given parameters, sprayings with the XR 110 08 nozzle and the XR 110 04

nozzle resulted in an application rate of 1095 and 546 L/ha, respectively. Droplet

characteristics were measured using the phase doppler particle analyzer laser

(Aerometrics Inc.)-based measuring set-up and protocol described by Nuyttens,

Baetens, De Schampheleire, and Sonck (2007). The XR 110 08 at 4.0 bar produces a

flow rate of 1.82 L/minute and a droplet spectrum with a VMD of 353 mm; 91% of

the total spray volume consists of droplets bigger than the required 178 mm (Lello et

al., 1996). The XR 110 04 produces a flow rate of 0.91 L/minute and a droplet

spectrum with a VMD of 251 mm at the same pressure; 74% of the spray volume

consists of droplets bigger than the required 178 mm.

Thirty minutes before spraying, IJs of S. carpocapsae were suspended in 10 L tap

water. The number of nematodes added depended on the nozzle type used. For the

XR 110 08 nozzle, 100 million IJs were added. Because the XR 110 04 nozzle delivers
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only half of the flow rate of the XR 110 08 nozzle, the amount of IJ was doubled to

200 million for applications with this nozzle.
After 30 minutes, the nematode suspension was stirred and transferred to

the spray tank. Tap water was added to obtain 40 L of spray suspension. This

theoretically resulted in a tank concentration of 2.5 million EPNs/L for

applications made with the XR 110 08 nozzle and a concentration of 5 million

EPNs/L for applications made with the XR 110 04 nozzle. This ensured an equal

theoretical amount of nematodes per surface unit for each nozzle type, i.e., 2.7

billion IJ/ha (27 IJ/cm2). Subsequently, the agitation system of the tank was

activated. Adjuvant(s) were added at the concentration indicated above, and the

agitation system was kept pumping for five minutes to ensure an even distribution

of the nematodes in the spray suspension. Before spraying, a sample was taken

from the tank suspension to check the concentration and the viability of the

nematodes in the suspension. Five cauliflower leaf discs were sprayed at the same

time. These discs (diameter 3.0 cm) were covered with filter paper on the lower side

and fixed into clamps at an angle of 458 to vertical to mimic the natural leaf angle

as done by Brusselman et al. (2012a). With this set-up, it was possible to restrict

the spray to the upper side of the leaf discs. Three replicate runs, each spraying

five discs, were performed per treatment. A new tank suspension was prepared for

each run.

During each run, the speed of the spray boom was recorded. The concentration

and the viability of the nematodes in the tank were determined by counting the total

and the viable number of nematodes in three 100-mL (in case of the XR 110 08

nozzle) or 50-mL (in case of the XR 110 04 nozzle) subsamples of the tank sample.

Within one minute after spraying, all sprayed leaf discs were collected from the

clamps, and the deposited nematodes were washed from the discs into petri dishes

and counted microscopically. The relative deposition (%) was calculated by dividing

the observed number of nematodes/cm2 on the leaf discs by the theoretically applied

number of 27 nematodes/cm2.

Statistical analysis

In the viability test, a paired-samples t-test was used to compare the absolute viability

percentage of the adjuvant treatments with the absolute viability percentage of their

respective controls.

In the sedimentation test, the data for S. feltiae and S. carpocapsae were analysed

separately. Relative concentration was studied using a general linear mixed model

(GLMM), corrected for repeated measurements over time. Adjuvant, time and the

interaction between both were considered as fixed factors in this model. Bonferroni

correction for multiple comparisons was applied.
In the deposition test, a Kruskal�Wallis test, followed by a Dunnett T3 test for

multiple comparisons, was performed to detect significant differences between

relative deposition results of different treatments.

SAS version 9.3 (SAS Institute Inc.) was used for the GLMM calculations. SPSS

Statistics version 20 (IBM Corp.) was used for all other calculations. Statistical

significance was considered at PB0.05 for all tests.
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Results and discussion

Viability test

Several adjuvants showed a strong effect on the viability of S. carpocapsae and S.

feltiae (Figure 1a and b). Especially the alcohol ethoxylate (AE) surfactants

(Synperonic 91/5, Synperonic 91/6, Synperonic 10/6, Atplus 245) and the alkylpo-

lysaccharide surfactant/humectant (AL-2575) showed strong negative effects on

the viability. Remarkably, the effects of these adjuvants were reversible in the case of

Figure 1. Relative viability percentages (9standard deviation) of S. carpocapsae (a) and

S. feltiae (b) after 3 and 15 hours in a spray suspension supplemented with different adjuvants.

Note: Significant differences between treatments and their respective controls are shown as

asterisks above the data columns (PB0.05).
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S. carpocapsae. This species showed declined viability after three hours in all AE

solutions, except for the solution with Trend 90, and in the alkylpolysaccharide

solution, but the effect waned away after 15 hours. Nonetheless, this temporary

immobilising effect should be taken into account, since steiner nematids cannot
survive on exposed foliage for longer than a few hours, due to rapid desiccation

(Arthurs et al., 2004; Glazer, 2002).

In contrast, the effect of the AEs and the alkylpolysaccharide on the viability of

S. feltiae was not temporary. Two AEs, Synperonic 91/5 and Synperonic 91/6, and the

alkylpolysaccharide caused a complete loss of viability of S. feltiae after 3 hours, and

this remained so after 15 hours. Synperonic 10/6 and Trend 90 partially reduced the

viability which worsened over time. Atplus 245 remarkably increased the viability

after 3 hours, probably due to a stimulating effect on S. feltiae, but caused a complete
loss of viability after 15 hours.

Although immobile EPNs are not interesting for application purposes, a

temporary immobilising effect of adjuvants might be interesting for improving

storage duration of EPNs, especially for S. feltiae. This nematode species shows no

increased longevity under anhydrobiotic circumstances, and stays active, thus

expending energy, when dispersed in water (Grewal, 2000).

Some difficulties arose with adding some of the humectants: polyvinylalcohol

(PVA) dissolved poorly in the suspension, whereas xanthan gum powder tended to
clump if it was not poured slowly, and under heavy stirring, into the suspension.

Sedimentation test

Fluctuations of the relative concentration and increased variation were observed

after one and two minutes. These were probably caused by the continuous agitation

of the cylinders homogenising the suspensions before the start of the experiment.

This activity added air bubbles to the suspensions, which moved through the
suspensions taking EPNs to the top, thereby temporarily raising the relative

concentration in the upper 200 mL of the suspensions in some cases. After five

minutes, no more air bubbles were observed in the cylinders, and the fluctuations of

the relative concentration and the variation between measurements decreased. The

concentration results after one and two minutes were therefore not considered

further.

IJs of S. feltiae settled faster than the IJs of the smaller S. carpocapsae (length of

IJ: 849 mm vs. 558 mm, respectively; source: Stock and Hunt (2005)) (Figure 2). The
multiple-comparison tests showed that the relative concentration of IJ in the upper

200 mL of the S. carpocapsae control suspension dropped significantly after 20

minutes. In the S. feltiae control suspension, this effect already showed up after 10

minutes. This corroborates the suggestion by Wright et al. (2005) that larger EPNs

settle faster. Further proof of the difference in sedimentation speed between the two

EPN species is found in all other suspensions: after 20 minutes of sedimentation, the

relative concentration of the S. carpocapsae suspensions containing a given adjuvant

is consistently higher than the relative concentration of S. feltiae suspensions
containing the same adjuvant. There is one notable exception: the suspensions

containing xanthan gum. The results clearly demonstrate that xanthan gum

significantly retards the sedimentation of both S. feltiae and S. carpocapsae.

Significant differences between the relative concentration of the S. feltiae control

514 B. Beck et al.
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Figure 2. Evolution over time of the relative concentration of S. carpocapsae (a) and S. feltiae

(b) observed in the upper 200 mL of 250-mL cylinders filled with EPN suspensions

supplemented with different adjuvants.

Note: EPN concentration is shown as a percentage of the initial concentration. Adjuvants

were added at a concentration of 0.3 g/L. Different letters indicate statistical differences (PB

0.05) between concentrations observed at different moments within a given suspension.

Asterisks mark significant differences (PB0.05) between the concentration observed in an

adjuvant suspension at a specific moment, and the concentration observed in the control

suspension at the same moment.
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suspension and the S. feltiae xanthan gum suspension were observed after 10 and 20

minutes. There was no statistically significant difference between the relative

concentration of S. carpocapsae in the control suspension and the suspension

supplemented with xanthan gum at equal time points. However, when the
concentrations of S. carpocapsae within suspensions were considered over time,

the S. carpocapsae�xanthan gum suspension did not show a significant drop in the

relative concentration over the whole time course of the experiment, while this could

be observed in the control suspension. It can thus be argued that xanthan gum also

slows down the settling of S. carpocapsae, confirming earlier results by Schroer et al.

(2005). Increased viscosity is the most probable cause of the slowed sedimentation

(Schroer et al., 2005).

In both the viability and the sedimentation tests, it was noticed that xanthan gum
tends to clump upon mixing with water, an effect that can only be prevented by

carefully pouring the powdered gum in water, and intense stirring of the solution at

the same time. This was deemed impractical for use in the field. However, xanthan

gum did not show clumping behaviour when it was premixed with the three selected

spreading agents. Hence, deposition tests with xanthan gum were only done in

combination with one of these spreading agents.

Deposition test

The XR 110 02 nozzle orifice size proved to be too small to spray a solution of S.

carpocapsae. When using the XR 110 08 nozzle, all treatments with spreading agents

showed a significantly higher relative deposition of S. carpocapsae than the control

treatment without spreading agents (Figure 3). This means that a higher percentage

of the nematodes was retained on the leaves when spreading agents were added to the

tank mix. There were no significant differences between specific spreading agents in

combination with the XR 110 08 nozzle. Treatments applied with the XR 110 04
nozzle yielded similar results: all selected spreading agents significantly improved the

deposition to roughly the same degree. Again, no significant differences in deposition

between specific spreading agent suspensions were found. The addition of xanthan

gum to the three EPN-spreading agent suspensions did not enhance deposition any

further. This is remarkable, since it was proven by Schroer et al. (2005) that xanthan

gum can have deposition-enhancing effects when mixed with EPNs and a spreading

agent in a tank suspension.

The XR 110 04 nozzle was more efficient at depositing nematodes on leaves. All
treatments with this nozzle outperform the treatments with the same adjuvants, but

applied with the XR 110 08 nozzle, although this could only be proved statistically

in the treatments with Silwet L-77 as adjuvant. Two possible causes for the

increased deposition observed with the XR 110 04 nozzle can be put forward: (1)

this nozzle produces relatively small droplets when compared to the XR110 08

nozzle, which may be more prone to be retained by the leaf and/or (2) the lower

application volume might cause less run-off from the leaves, especially on difficult-

to-wet plant surfaces like cabbage leaves (Crease et al., 1991; Knoche, 1994). Visual
examination of the leaf discs after spraying revealed that the first cause was of

major importance when spraying with the control suspensions: only a few large

droplets were retained on the leaf discs sprayed with the ISO 08 nozzle, while a lot

of small droplets were retained on the leaf discs sprayed with the ISO 04 nozzle.
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The second cause seemed more important when spraying with the adjuvant

suspensions. Due to their lower surface tension, droplets spread out on the leaf

discs. Adjuvants sprayed with the ISO 04 nozzles managed to cover a large part of

the leaf discs with a watery film. Sprays with adjuvants applied with the ISO 08

nozzles managed to cover the whole leaf disc, but the coalescence of spreading

droplets on these leaf discs potentially caused run-off.

The deposition results make the ISO 04 (flat fan) nozzle a good candidate for

field tests with S. carpocapsae: this nozzle does not clog when spraying EPNs and it

provides a higher relative nematode deposition and consumes a lower volume of

water per hectare than the ISO 08 nozzle, allowing to save water, fuel and time. There

is the concern of rapid nematode desiccation due to the low application volume.

However, with an application volume of 546 L/ha (the applied volume of the ISO 04

nozzles in the deposition test), infectivity is assured for more than two hours at 60%

relative humidity (Brusselman et al., 2012a). When spraying under higher relative

humidity (e.g., at dusk), this infective period can be prolonged (Lello et al., 1996).

Pre- or post-application irrigation will also raise the relative humidity.

Finally, it should be noted that larger EPN species may require larger nozzle

apertures and a coarser droplet size spectrum than the ones produced by the XR 110

04 nozzle to be sprayed successfully.

Figure 3. Relative deposition (9standard deviation) of S. carpocapsae suspensions supple-

mented with adjuvants on cauliflower leaf discs.

Note: Suspensions were sprayed with a spray boom fitted with two different nozzles: XR 110

08 and XR 110 04 at 4.0 bar. Nematode concentrations were adapted to the flow rate of the

nozzles to spray the same theoretical number of 27 IJ/cm2. Different letters indicate statistical

differences (PB0.05) between the relative deposition obtained with different combinations of

adjuvants and nozzles.
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Conclusions

Despite a demand for effective microbial sprays against foliar pests, EPNs are rarely

used against above-ground pests (Arthurs et al., 2004). This study sought for

adjuvants and nozzle sizes that can be used to improve the foliar application of EPNs

to better target above-ground pests. The present experiments have shown that all

selected AEs (Synperonic 91/5, Synperonic 91/6, Synperonic 10/6 and Atplus 245)

and the selected alkylpolysaccharide (AL-2575) immobilised both S. carpocapsae

and S. feltiae when mixed in the spray suspension. Xanthan gum remains the best

sedimentation-retarding agent. Other potential sedimentation-retarding agents (AL-

2575, Tween 20, Pricerine 9081, PVA, Synperonic PE/F108 and Synperonic PE/F127)

tested in this paper did not significantly affect sedimentation speed of S. feltiae, and

of the slower settling S. carpocapsae. An ISO 02 flat fan nozzle can clog when

spraying S. carpocapsae. An ISO 04 standard flat fan nozzle provides a higher

relative deposition of different S. carpocapsae-adjuvant suspensions on cauliflower

leaves than the bigger ISO 08 standard flat fan nozzle. Three spreading agents (Silwet

L-77, SBPI and Addit) all increased the EPN deposition on leaves. With both the

ISO 04 and the ISO 08 nozzle, relative EPN deposition roughly doubled when one of

these spreading agents was added to the EPN suspension. Addition of xanthan gum

to a suspension containing both EPNs and one of the selected spreaders did not

significantly increase deposition any further.
The results of this study are being implemented in field tests using S. carpocapsae

against the cabbage moth (Mamestra brassicae L.), a leaf-bound pest, mostly found

on cruciferous crops. In these field tests, suspensions of S. carpocapsae are sprayed

with ISO 04 standard flat fan nozzles, spraying sideward on vertical extensions to

reach the underside of cauliflower leaves, the main habitat of the young instars of the

cabbage moth (Institut Nationale de la Recherche Agronomique, 2012). Xanthan

gum is included in these spray suspensions to delay sedimentation; Addit is included

to improve deposition. Since xanthan gum is nutritious to microbials, special

attention is given to possible increased growth of plant pathogens due to xanthan

gum.
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