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FOR THE DISINFESTATION OF FRESH ASPARAGUS SPEARS

C.W. VAN EPENHUIJSEN, J.P. KOOLAARD and JF. POTTER

New Zealand Institute for Crop & Food Research Limited
Levin Research Centre, Private Bag 4005, Levin

ABSTRACT

Low level electrical energy (alternating and direct current), high
voltagepul sesfromtwoenergisers, and ultrasound wereassessedfor their
ability tokill insects, or expel them from asparagus spears. Spearswere
heldinan electrolyte solution containing 0.12 % (w/v) sodium chloride
inwater during thetreatments. Electrical treatmentslasted for 2, 4, or 8
minutes. A second experiment wasused totest threechemical treatments
applied for 8 minutes. None of the electrical and ultrasound treatments
killed or expelled significantly moreinsectsthantheuntreated controlsin
water or sodium chloride 0.12% (w/v). A new chemical,
Y -14258, expelled and killed significantly more thrips than the other
chemical treatmentsand control.
K eywor ds: asparagus, disinfestation, electrical current, energiser, thrips,
ultrasound.

INTRODUCTION

Insectinfestationinasparagusspearsinvolvesmainly thrips, but thevari ety of insects
depends on the different weeds in the plot or in surrounding vegetation (Watson and
Townsend 1981). The thrips species most commonly found in asparagus spears are
Thrips tabaci ad Apterothrips apteris, formerly Apterothrips secticornis (van
Epenhuijsen and Wright 1994).

Disinfestation of fresh asparagus spearsis required for export of fresh asparagus
from New Zeal andto marketswith strict quarantineregul ations. M ethodsfor asparagus
disinfestationweresometimesineffective (van Epenhuijsen and Wright 1994), resulted
in unacceptabl e residues (Carpenter 1987) or affected the firmness of spears (Rohitha
et al. 1992). Oils and maldison affected the smell and appearance of spears after
treatments (Waller 1990). Elevated carbon dioxide treatments may cause some off-
flavours and affect shelf life (Corrigan and Carpenter 1993; Carpenter 1995). Stem
collapse and browning of the bract has been found in some controlled atmosphere
treatments (Carpenter 1995).

Penetration of liquidsinto air pockets under the bractsis a major problem when
applying disinfestation treatmentsin solution to asparagus. Water retention- reducing
liquids, suchasorgano-siliconecopolymer penetrants, and surface-activeagentssuch as
Pul sepenetrant and saponified fatty acidsenabl ed penetration of air pockets(Rohithaet
al. 1992; van Epenhuijsen and Wright 1994). Thripswerekilled or expelled from the
spears using these chemicals. Expelling insects from the spears is preferred by the
canneries, becausethey have obvious problemswhen dead thripsarefound floating in
the brine after canning.

Thecreation of microporesinthecell membraneby exposingliving cellssuspended
inanagueoussol utiontoapul sed el ectricfieldisusedinel ectroporationwhichhasbeen
usedtosuccessfully steriliseacontinuousflow of liquid, killing bacteriaand other micro-
organisms (Johnstone and Bodger 1996). Someliteratureisavailable on the effects of
electric shocks on insects (Sharmaand Singh 1994; Pickens et al. 1994; Watson and
Townsend 1981).

Electric fence energisers produce ashort, high voltage pulse at arate of about one
pul seper second for onethousandth of asecond. Inalaboratory controlled electricfield,
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earthwormsbecame agitated and moved away from an energised conductor (Jamieson
and Bodger 1988). Treatmentswith ultrasonicwaveswerefoundto successfully control
Stophilusgranariusadultsinsidethegrainwhenwheat grainsweretreated for 2.5min
at about 5.4 W/cm? (Pradzynska 1982). Even though thereisadesireto use chemical -
free products, microwave energy and radio-frequency have so far not found their way
into practical disinfestation treatments (Nelson 1996).

This work forms part of an on-going programme to investigate methods for
disinfesting horticultural cropsthat arewashed beforebeing exported. Electrical methods
seem, in principle, to satisfy the philosophy of low expense and low residue.

In this project we aimed to determine the feasibility of electrical energy and
ultrasound in a disinfestation system. The effectiveness of these novel methods was
subsequently compared with chemical methodsin asecond experiment.

MATERIALSAND METHODS

Twenty-four electrical, six ultrasound and two control treatments (Table 1), were
carried out in sevenrandomisedincompletebl ocks, over aperiod of sevendaysfrom13
November 1996, each day representing ablock. Intotal, threereplicateswith 15 spears
in each treatment were made. A second experiment to confirm the efficacy of a
previously tested chemical treatment was carried out in a completely randomised
experimental designin March 1997. Threereplicationsof each treatment were applied
in random order on the same day. A control treatment with spears held in de-ionised
water, was included. All harvested asparagus spears (180 mm) were bagged in nylon
mesh, closed with arubber band and placed in aplastic water bath containing 6.5 litres
de-ionised water with or without 0.12 % (w/v) sodium chloride. Thissolution provides
alow voltageand doesnot damagethespears. Theel ectrol ytesol utionwasrepl aced after
eachreplicate.

Carbon fibre electrodes were placed at opposite ends of the water bath, energized
with alternating current (AC) or direct current (DC) of 0.5, 1.5 and 2.5 amperes.

Complete spears were checked for the presence of insects. Recent research has
shown that thislaboriousjob could be made easier by examining thetop 75 mm only,
where 70 % of live thrips are found (van Epenhuijsen unpubl. data).

Treatment bath

Electrodeswere made from 190 x 110 mm carbon fibre cloth (Style: CC195 cloth,
HighModulusNZ Ltd, Auckland) attached to agal vanised framewith aplastic stripon
theinside and fixed together with nylon boltsand nuts. In order to avoid el ectrolysis, a
pieceof platinum wire connected thefibre cloth to socketswhich werein turn attached
totheelectrodes.

All electrodeshad two round holes(diameter 9 mm) inthetop, 165 mmapart. Glass
fibrerodswereinsertedintothesehol essothat thedistancebetweentheel ectrodescould
bealtered simply by sliding them a ong therods. Notchesin awooden frame on top of
the treatment bath kept the rodsin place.

An electrical current was aso produced by two energisers (4.5 or 7.8 kV) and two
ultrasound generators (100 and 200 W treatments) were al so tested. Thetreatmentswere
appliedtothreereplicatesof 15 spearsandlastedfor 2,4 or 8 minutes. Chemical treatments
werefor 8minutesonly. Reusableicepackswereusedtokeepthetemperatureat about 20°C
assometreatmentsrai sed thetemperature of the electrolyte solution.

Ultrasound

The two instruments used are designed for the sonication of samples which are
liquid, or immersed in water. A 100 Watt Sonicor SC120 ultrasonic cleaner (Sonicor
Instrument Corporation, USA) contained 2.6 litresof de-ionised water. TheProbeof the
Braun 1000L wasset at high 200+ 10 Watt and wasimmersed 15 mminastainlesssteel
container which contained 6.5 litre of de-ionised water.

Energisers

Twoenergiserswereused; anM 800 Gallagher power fenceenergiser (7.8kV output
on high setting, pulseinterval 1.10 second, pul se width 350 microsecond, pulse shape
approximately 1/2 sinewave) and a9 V battery-operated Speedrite energiser with an
output of 4.5-5000 V onfast setting (pulseinterval 1.2 sec., pulsewidth approximately
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30 microsecondsand pulseshapeof 1/2 sinewave). Peak voltagesweremeasured with
ahand held digital voltmeter. Electrodes for the energisers were made from a 1900 x
1000 mm stainless plate.

AC circuit

TheACcircuit consisted of aplasticbox withan ACvoltmeter (0-300V) andanAC
Ammeter (0-5A). The DC circuit consisted of avoltmeter (0-300 V), an Ammeter (O-
5A),a400V - 6 A bridgerectifier, and asmoothing capacitor (200u F, 400 V). In both
circuits, banana plugs werefitted to the end of the wires. The currentswere set with a
Variac (variableoutput transformer) output 0-270V / 6 A, and anisol ating transformer
wasusedfor safety reasons. All thebagscontai ning spearsweresubmergedintheliquids
atright anglestotheel ectrodes. Inorder to submergethebagsof spears, aweightedplastic
grid was placed on top of them. The current was controlled with a variable output
transformer, and kept as close to the target current as possible, for a current of 0.5
amperes DC voltage between 25-50V, for 1.5A (70-90V) and 2.5 A (120-140V). For
the ACtreatmentsat 0.5 A, voltage varied between 40-50 V, for 1.5A (70-100 V), and
for 2.5 A (120-160 V) (Table 1).

After the treatments, the spears and bags were washed above afunnel with afine
sieve, anddead and livethripsand nymphswerecollected and counted. Spearswerethen
stored overnight at 1.0°C. Spear tips(top 75 mm) werechecked for insects; all budsand
bractswere removed with ascal pel, and examined under a stereo microscope.
Chemical treatments

Three chemicals, an experimental one, called Y-14258 0.1 % (v/v ) a Witco osi
penetrant from the USA, V eggi-wash 0.05 % (v/v ), aproprietary mix of natural plant
oils, and Defender 0.1 % (v/v ), asaponified fatty acid, weretested for their abilitiesto
kill or expel thripsafter 8 minutes exposure.

After treatments, the expansion zones ( 75 mm ) of the asparagus spears were
checked for dead and live insects. All insects expelled from the spears during the
treatment were a so collected from the organza bags and counted.

Dataanalysis

Number of thripsand nymphs(out of thetotal number) expelled fromthespearsafter
treatment and thenumber of thripsand nymphsfound deadinthespearsafter treatment out
of the total number found in the spears were recorded. Both these measurements were
analysed using ageneralised linear model with alogit link function and abinomial error
structure. Thismeansthat thel ogit transformation of theresponse proportions(of expelled
and dead insects) isassumed to belinearly dependent on thetreatments, and that thetwo
measurementsof interest (above) areassumed to follow abinomial distribution. For the
experimentinvolvingtheel ectrical treatments, thebl ock structurecouldbeignoredsincethe
variation between days(blocks) wasfoundtobenegligible. Thusboth experimentswere
analysedinthesameway.

Predicted meansfrom themodel for the response proportions (expelled and killed)
for eachtreatment werecal cul ated together with 95% confidenceintervals. All analyses
were carried out using Genstat (1993).

RESULTS

Of all the pests recorded, 99.4 % were thrips. Of al the adult thrips, 92.1 % were
Thrips tabaci, 7.6 % were Apterothrips apteris and 0.2 % were unidentified thrips
species. Out of thetotal of thrips and nymphs, 10 % were nymphs. On average, there
were 1.4 thrips and nymphs dead or alive per 75 mm spear in thefirst experiment and
an average of 15.4 adults and nymphs dead or alive per 75 mm spear in the second
experiment. Thislatter experiment was carried out after the season had closed, and the
very few spears present wereinfested by large numbers of thrips. Electrolysistogether
with some brown discolouring of thewater inthe DC voltage trestments occurred, but
thisdid not affect spear quality.

Inthefirst experiment, thetreatmentsexpelled few thripsfromthe spears, lessthan
10%for most of thetreatmentswhichwasno different fromthecontrols(Table1). Only
threealternating current treatments (1.5 A for 2 and 8 minutesand 2.5 A for 2 minutes)
expelledbetween 12.5and 23.2%. No shel f-lifeassessment of theasparaguswascarried
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out, but treatmentswerechosen sothat no visibledamagewasseen by theheat generated
from the electric currents or the chemicalswithin one day of treatment.

TABLE1: Experiment1(November 1996). Treatmentsinde-ionised water usedin

thedisinfestation of aspar agusspear swith or without sodium-chloride.

Duration of treatment, current (A) and voltage (V) measur ements.

Predicted meansand confidenceinter vals(at 95% ) for theper centage

of thrips (adults and nymphs) expelled from asparagus spears by

electrical treatmentsdead or alive, and per centageof thrips(adultsand

nymphs) killed whether expelled or not.
Treatment Mean % Mean %
solution expelled killed
+/-0.12% Duration Current Voltage (confidence (confidence
NaCl Type (minutes) (A) V) intervals) intervals)
1-  Ultrasound® 2 NA NA 0.0 (na) 21.3(12.2 - 34.4)
2- Ultrasound® 4 NA NA 6.5(1.9-195 29.0(17.2-44.7)
3-  Ultrasound® 8 NA NA 70(21-21.1) 31.6(18.8-48.0)
4- Ultrasound® 2 NA NA 46(1.1-16.7) 25.8(14.9-40.8)
5- Ultrasound® 4 NA NA 1.7(0.2-17.0) 29.3(17.1-45.6)
6- Ultrasound® 8 NA NA 36(0.7-18.0) 20.0(9.9-36.2
7- Energiser® 2 NA 7700 19(0.2-184) 26.4(14.4-43.4)
8- Energiser® 4 NA 7700 27(05-139) 329(211-47.3)
9- Energiser® 8 NA 7700 71(24-192) 34.3(22.0-49.1)
10-  Enegiserd 2 NA 5500 6.7(2.0-20.1) 40.0(26.0-55.9)
11- Enegiserd 4 NA 5500 4.9(15-153) 27.9(17.3-416)
12-  Enegised 8 NA 5500 82(28-21.8) 32.8(20.1-48.6)
13+ DC 2 0.5 25-50 25(04-126) 34.6(23.0-483)
14+ DC 4 0.5 2550 7.1(29-16.5) 29.9(19.9-423)
15+ DC 8 0.5 25-50 6.2(21-16.8) 43.8(31.0-57.4)
16+ DC 2 15 70-90 3.0(05-15.0) 37.3(24.4-52.4)
17+ DC 4 15 7090 41(1L0-151) 37.0(24.6-514)
18+ DC 8 15 70-90 58(1.7-17.8) 34.8(22.4-49.7)
19+ DC 2 2.5 120-140 4.9(1.2-17.9) 34.4(21.4-50.3)
20+ DC 4 25 120-140 8.8(22-29.7) 35.3(18.6-56.6)
21+ DC 8 25 120-140 5.7(1.4-203) 30.2(17.3-47.2)
22+ AC 2 0.5 40-50 6.9(2.6-172) 36.8(25.3-50.0)
23+ AC 4 0.5 40-50 54(1.6-16.7) 25.7(15.3-39.8)
24 + AC 8 0.5 40-50 6.2(21-16.8) 25.9(15.9-39.4)
25+ AC 2 15 70-100 23.2(13.1-37.7) 50.7(36.4-64.9)
26 + AC 4 15 70-100 80(24-236) 583(40.7-74.1)
27 + AC 8 15 70-100 125(5.1-27.7) 41.1(265-57.4)
28 + AC 2 25 120-160 16.2(8.0-30.1) 35.3(22.7-50.3)
29+ AC 4 25 120-160 7.1(24-19.2) 37.1(245-519)
30+ AC 8 25 120-160 5.5(1.3-19.7) 32.7(19.5-49.5)
31+ Control

(untreated) 8 - - 6.5(22-176) 33.8(221-47.8)
32- Control
(untreated) 8 - - 0.0 (na) 33.3(21.2-48.2)

aUltrasound Sonicor

b Ultrasound Braun

¢ Energiser Galagher

dEnergiser Speedrite

NA Notapplicable

(na) Not applicable owing to absence of response
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In the second experiment, the chemical treatments, Y -14258 with 60% of thrips
expelled, was significantly better than the other treatments (Table 2). Fatty acidswith
27% of thripsexpelled werenot significantly different from each other, but were better
than the control treatment which expelled only 12% of the thrips. Y-14258, at 85%
mortality alsokilledsignificantly morethripsthantheothers. Defender and theuntreated
control did not differ significantly from each other, averaging only 38%of thripskilled.
V eggi-wash, at 60% provided an intermediatelevel of thrip mortality.

TABLE 2: Experiment 2 (March 1997). Predicted means and confidence
intervals (at 95%) by chemical treatments for the percentage of
thrips(adultsand nymphs) expelled from aspar agusspear sdead or
alive, and per centageof thrips(adultsand nymphs) killed, whether

expelled or not.
Treatment Mean % Confidence Mean % Confidence
rate expelled intervals killed intervals
Y-14258 0.1% 60.1 (54.7 - 65.3) 84.5 (69.0 - 93.0)
V eggi-wash 0.05% 27.2 (23.3-31.4) 59.9 (49.8 - 69.3)
Defender 0.1% 271 (22.8 - 31.8) 32.1 (22.6 - 43.3)
Control (untreated) 11.8 (8.8-15.6) 43.1 (33.0-53.7)

DI SCUSSION

We have been unable to establish an effective method for killing thrips with an
electric current. No differences existed between the AC and DC treatmentsin our trial,
athoughacomparison between ACand DC appliedfieldsrevea ed differencesinlysing
of bacteriawhen high voltage el ectric fieldswere used (Johnstone and Bodger 1996).

We subsequently found that the voltage /cm was probably not high enough
(P. Bodger pers. comm.). Thiswascaused in part by laying the spears perpendicular to
theelectrodes.

Electrodes made of metal sheeting had to be replaced by carbon fibre when
electrolysiswasnoticed during the short treatments. Sodium chloridehad to beusedin
order to prevent electrical heating of the electrolyte solution. A current of 2.5 amperes
appliedfor morethan 8 minutesproduced damageto spearswhenthewater temperature
reached 40°C. Temperaturesin our experiment never exceeded 32°C after 8 minutes.

Although experimentsin the past have shown that liquid does not easily penetrate
the bracts, it was assumed that some current must have passed through the spear and
expelled thethripsfrom the spear because a separate experiment showed that aspear is
aconductor when placed in between the el ectrodes of an electric fence energiser.

These disinfestation methods could be applied to any produce, such as vegetables
which arewashed in water, before being sold.

ECNZsbest ideaaward 1996, awater purifier, isbased on the use of high voltage.
Thisinventionhaspotential applicationsinhorticulturewhereshort el ectrical pulsesmay
kill insects, mites and probably fungi. Electric fields of up to 15-30 kV/cm by either
impulse or steady state AC/DC could betested (P. Bodger pers. comm.).

Theflushingeffect of Y -14258 wasobtai ned without aeration or agitation procedures
which mightimproveitsresults. Therewasa10-fold differencein thedensity of thrips
between the two experiments, and the equivalent controls. The higher thrip density
foundinthespearsused for thechemical treatments may have contributed to the higher
success rate of these treatments. Expulsion of thripsis preferable to killing thrips. In
several of our experimentsthereweresignificant numbersof dead thripsevenin control
spears. Thiswould potentially lead to problemsfor thecanningindustry unlessthedead
thripsareremoved, e.g. by aeration.

Noneof theelectrical or ultrasound treatmentssignificantly affected thripsnumbers
expelledfromspears, or thripssurvival. Y -14258 significantly reduced thripsnumbers

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Horticultural Pest M anagement 441

onspears. It may bepossibletoreconfiguretheel ectrical equipment toimproveefficacy
but present knowledge indicates that the most useful approach to disinfestation liesin
improved washing methods.
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