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ABSTRACT

Several specieswithinthegenusSerratia(Enterobacteriaceae) have
potential for use, or are currently used, in the control of insect pests.
However, aswith most microbes, exposure to certain UV wavelengths
candrastically reducecell viability. Inthisstudy weinvestigated theeffect
of exposuretoshort (254 nm) UV radiationand natural sunlightonstrains
of Serratia. Exposure to 254 nm for 5-30 minutes killed most Serratia
spp.; however, therewere considerablestrain differenceswiththe L Tgq
ranging from 2.9 to 13.7 minutes. Survival timeincreased to morethan
2+ hoursunder sunlight exposure but was dependent the bacterial broth
temperature.
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INTRODUCTION

Inthelast two decadesthe* greenrevolution” hasbrought withitatrendtowardsthe
development of organic “environmentally friendly” products. The non-polluting
characteristicsof biological control agentsfor pest control have many advantagesover
agrochemicals. BacteriainthegenusSerratia (Enterobacteri caceae) arecurrently under
development, or have been developed, as control agents for several insect pests. S
entomophila, for example, hasbeen devel oped asacommercial pesticide(Invade) forthe
control of grass grub, Costelytra zealandica (Jackson et al. 1992). S marcescensand
S proteamacul ans have shown potential as control agents of Diptera (O’ Callaghanet
al. 1996). Despite their promise, the use of Serratia in many situations such as its
applicationinspray form, could belimited by theeffectsof ultra-violet radiation (UV).
Ozoneisanimportant tracegasthat providestheearth’ sprotectiveUV shield; however,
along term decrease of 0.5% per year of the total ozone valuesis predicted for New
Zesaland (Matthewsand Keep 1993). A futurelikely increasein UV intensity, makesit
necessary to determinethe susceptibility of Serratiaspp. to exposurefrom natural and
artificial UV radiation early inthebiopesticidedevel opment.

METHOD
Strainsand culturing

Elevenstrainsof bacteriafromthegenusSerratia, all heldinthe AgResearch I nsect
Pathogen Culture Collection (Lincoln), were used in the UV exposure experiments
(Tablel).

Each strain wasaseptically streaked onto LuriaBertani (L B) agar (Sambrooket al.
1989) and incubated overnight at 30°C. To produceinoculum for experiments, asingle
isolatefromeach strainwasinoculatedintoasterileuniversal bottlecontaining10ml LB
broth and placed in a shaking water bath overnight (30°C, 80 rpm).
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TABLE 1. Strainsof Serratia spp. used in thisstudy.

Species, Biotype, Originand host
Strainno Pigmentation®
S entomophila
190 1,np Subculture Al strain, Costelytra zealandica
304 1,np Derived from AIMO2 strainby EMS
4383 2,np Cl1 strain, Chatham Islands, soil isolate
625 1,np Non pathogenic strain from original 154 mixed strain
626 1, np Original pathogenic 154 strain,Costel ytrazealandica
S proteamaculans
142 -,np Tihoi, Taupo, NZ, Costelytra zealandica
S marcescens
363 A2a,p Lincoln, NZ, Paropsis charybdis
392 A6a?, p LincolnUniversity farm, NZ, soil isolate
448 Alap Pasteur Institute, Grimont, Periplanta americana
450 A6a, p Pasteur Institute, Grimont, Hylamor pha elegans
505 Ada, np Chile, Hylamor pha elegans

Inp = non pigmented, p = pigmented

Experiment 1: exposureto 254 nm UV radiation

The source of the UV radiation was a254 nm tube housed in aClass |1 Biological
Safety Cabinet. Ontheworking bench surface (600 x 400 mm), agrid of apetri dishlids
was arranged 550 mm benesath the UV light source. Variation in UV intensity was
detected using an International Light, model IL1400A, detection head SEL 240 3491,
with NS254 and W6557 sensing head. Each bacterial strain (Table 1) wastested with
atleast threereplicatesat varied positionswithinthecabinet totakeaccount of variation
inlight intensity. Thelimited working space allowed amaximum of five strainsto be
tested per sub-experiment 1a, b and ¢ with theinclusion of two strains 626 and 142 in
each sub-experimentinorder to standardisetheexposureto apossiblechangeinambient
temperature.

A 2ml aliquot from each culture was pi petted into the centre of fiveinverted petri
dish lidsfor UV exposure. One broth culture per strain was removed after O (control
treatment), 5, 10, 20 and 30 min of radiation at ambient temperature; Pearson et al.
(1993) reported no loss in Serratia sp. viability following <12 hours at ambient
temperature packaged in opaque plastic containers. Bacterial survival wasdetermined
from colony counts of seria dilutions from each sample plated onto LB agar and
incubated at 30°C overnight. The bacterial concentration was expressed as % survival
of thecontrol count. TheL T 5o(minto50%survival) wascal culated for each strain. Fresh
cultureswere prepared for each replicatetest through the experiment. Therange of the
original concentrationswas 0.5 - 4 x 10° colony forming units (cfu)/ml.

Experiment 2: exposureto natural UV

In this experiment two replicates of S. entomophila strain 626 were exposed to
natural UV under two temperature regimes. Four ml aliquots of bacteriawere pipetted
intoeach of 24 petri disheswhichwereplacedintraysinfull sunshinefor uptofivehours
on March 20 1997 commencing at 9.45 am. Differential temperatures, ambient and
chilled, wereachieved by placing 12 petri dishesonice. Temperaturesfor eachtreatment
wererecorded by probeat 30 minuteinterval sfor both treatments. Addition of distilled
water wasnecessary intheambient traysto compensatefor evaporationandinthechilled
treatment, allowancewasmadefor condensation onthedishes. Duplicatesampleswere
removed after O (control treatment), 2, 2+, 3, 3+, 4 and 5 hours and bacterial numbers
determined by plating onto Serratia selective agar, caprylatethallousagar (Starr et al.
1976), tominimisecontamination. Theplateswereincubated at 30°Cfor fivedays, prior
torecording colony counts. TheL Tsowascal culated for each temperature. An estimate
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of themeantreatment temperaturewasbased onthemean temperaturesprior toreaching
theLT 50-
Statistical analysis

L Tsos were calculated by fitting Logit curves to predicted means. The stetistical
anaysisusedwasREML (Residual Maximum Likelihood) analysi sastheexperimental
design was an incompl ete block design. This method of analysis gives maximum and
minimum standard errors of the differences between strains and estimates the strain
means (Genstat 5 Committee 1993).

RESULTS
There were significant differences between several of the predicted % survival
(P<0.05) for strains exposed to 254 nm (Table 2).

TABLE 2: Predicted mean % survival and L Tsgat four timeperiodsof 254 nm
UV exposure.

Means (REML estimates')

Time(min) No. 5 10 20 30 LTs
Strain of expts. (estimated)
190 1 54.5 26.5 5.6 22 5.6
304 1 29.5 135 17 0.5 29
483 1 37.3 7.0 24 0.9 4.0
625 1 70.2 335 8.1 2.6 7.6
626 3 50.2 26.7 5.6 1.6 5.0
142 3 65.3 26.4 6.6 19 6.7
363 1 56.5 28.0 55 11 5.9
392 1 76.8 50.0 9.4 1.7 9.8
448 1 88.1 69.2 23.1 7.0 13.7
450 1 85.1 33.3 8.4 4.3 8.5
505 1 79.8 375 12.6 2.8 8.6

L SD (5%) for comparison of :
means from 1 expt.

(min.,max.) 224,277 215,249 59, 6.7 24,27
means from 1 expt. with

mean from 3 expt. 19.3, 22.7 18.8, 19.5 49,58 2.0, 23
means from 3 expt. 12.9 12.4 3.4 14

1 REML, residual maximum likelihood; see methods

Theaverage strain L Tsq values ranged from 2.9-13.7 minutes. The most resistant
strainswereall fromtheS mar cescensspecies. The pigmentedS mar cescens448strain
hadthehighest resistanceto UV 254 nmwith 88.1% survival after 5minexposure. Two
of the S. entomophila strains had the least resistance to UV, with 29.5 and 37.3%
survival after 5min for the 304 and 483 strains.

TABLE 3: Mean % survival (and temperature °C) for strain 626 exposed to
sunlight at twotemper atur er egimes.

Time-min
Temperature 120 150 180 210 240 300
Ambient(°C)  109.0 147.6 164.4 24.6 11.0 0.8
(17.2) (26.0) (18.8) (18.3) (17.4) (25.0)
Chilled(°C) 67.4 71.3 355 42.7 10.5 4.1
(3.4 (7.5) (5.6) 5.2 (6.5) (8.0
Significancet ** * * ** NS NS

1 NS P>0.05, * P<0.05 and ** P<0.01
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Analysisof experiment 2 showed significant differencesbetweenthetwotemperature
regimes under natural sunlight (Table 3), with reduced survival at lower and bacterial
multiplication at ambient temperatures. The LT s was 168 minutes at 5.6°C and 204
minutes at 16.3°C.

DISCUSSION

Theresults of these two experimentsindicate that timeto death of bacteriaby UV
radiation isdependent on UV wavel ength and temperature. Rapid death was expected
andstrainvariationfoundfrombacterial exposureto short-wave254 nm- thewavel ength
usedingermicidal applications. Twostrains, 304, achemically mutated strain, and 483,
which originated from the Chathams, were the most susceptible of the S. entomophila
strains. Bacterial pigmentationmay assist survival asthreeout of thefour most resistant
S marcescens strainswere pigmented.

The short wavelengths (290-320 nm) represent <1% of the total solar radiation
received ontheearthssurface (M cKenzie 1993). Thereforeit wasnot surprisingtofind
that bacteriainliquid mediasurvived for alonger periodwhen placedinsunlight (LTsq
in sunlight 168-204 min compared with an L Tsg <14 minutes at 254 nm). For thefirst
two hours of experiment 2, the mean ambient temperature was <15°C; increasing to
26°C beforethethird hour of exposure. Thisriseintemperaturecorrespondedtothecells
multiplication to 164.4% prior to declining in number. The bacterial growthincreased
thesurvival time of theambient culture compared to theice cooled culturein which no
cell multiplicationoccurred.

Resistanceto UV radiationisacomponent of ‘ microbial fitness (O’ Callaghanand
Jackson 1996) and further work isneeded to assesstherelative survival of thebacterial
strains under sunlight as compared with the strain differences under UV 254 nm.
However, such comparisons would need to takeinto account the considerable natural
variationsinthe UV intensity of sunlight.
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