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ABSTRACT

Mechanisms of asparagus virus 2 (AV2) transmission were
investigated in an asparagusfieldtrial. Initially each row had two AV 2-
infected plants in the middle and eight AV 2-free plants on either side.
During 1992-1995, spearswerehand-harvested, eachrow inonedirection
only, but half theblock withtheprevailing northerly wind and half against
it. Spread of AV 2waspredominantly inthedirection of cutting, withAV 2
incidence in plants cut after the AV 2-source plants reaching 96% by
1995. Inareascut prior to the AV 2 source plantsthere was some spread
of thevirus, mainly into female plants and into plants downwind of the
source plants, indicating the possibility of awind-assisted transmission
mechanism.
Keywords: asparagus, asparagus virus 2, mechanical transmission,
pollentransmission

INTRODUCTION

Virus diseases of crops assume major economic significance when they become
widespread as aresult of numerous secondary cycles of replication, transmission and
infection. Because the different mechanisms of virus transmission have different
efficacies and may result in different spatial and temporal patterns of diseased plants
withincrops(GibbsandHarrison 1976), astudy of the patternsof infected plantscangive
an insight into the method by which avirusis spread.

Asparagusvirus2 (AV 2) isknowntobetransmittedinseed (Mink and Uyeda1977),
thereforethisisthemost likely sourceof thevirusin new asparagus plantings. Sincethe
incidenceof AV 2 hasbeen showntobegreater inolder asparagusplantings(Hartunget al.
1985; Jaspers and Falloon 1996) and to increase by as much as 30% per annum in an
established planting (Evansetal . 1990), itisclear that secondary spread of AV2must occur.
M echanismsfor secondary spreadof AV 2inthefieldhavenot beeninvestigated. However,
under experimental conditionsit hasbeen shownthat transmission of theviruscan occur
by mechanical meansbut not by aphids(Mink and Uyeda1977; Evansand Stephens1989).
Itisthereforeprobablethat fiel d transmission occursby infected sap on cuttingknives. In
addition, because AV 2 virionshavebeenfound ontheexineof asparaguspollen, and rub-
inoculation with washings of this pollen have resulted in transmission of the virus to
Chenopodiumaquinoa(Evansand Stephens 1988), spread of AV 2inthefield may alsobe
by infected pollencominginto contact with uninfected plants(horizontal pollentransmission).
Theaimsof thisstudy were to discover whether AV 2 was transmitted mechanically in
asparaguscropson cuttingknivesand al sowhether pollen-borne AV 2wasapossiblesource
of infectionincrops.

METHODS
Asparagus plants were raised in agreenhouse from AV 2-free seed of the cultivar
UC157. Immature, unfurled ferntipsof 12-15week old plantsweretested withindirect
EL1SA (Jaspersand Falloon 1996) and foundto befreefrom AV 2infection. Theplants
designated to be the sources of the virusin the trial, were rub-inoculated with AV 2-
infected asparagussap onto stemsand cladophyllsof young shoots(Evansand Stephens
1988), onseveral occasionsbeforeand after planting. All plantswereset out, at 24 weeks
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old, inatria at Lincoln University in spring 1990. Newly emerged shoots of the AV 2-
designated plantsweretested for the presenceof thevirusby indirect ELISA duringthe
1991/92 growing season. Reinocul ation and EL | SA testingwasrepeated until all AV 2-
designated plantstested positivefor thevirusinat least two of thethreeshootscollected
at asinglesampling.

Inthetria layout (Fig. 1) two AV 2-infected plantswerepositionedinthemiddleof each
plant row with eight AV 2-free plants on either side. To investigate the possibility of
mechanical transmissionby transfer of AV 2-infected sap oncutting knives, cuttingwasin
one direction only over the duration of the trial, and comparisons were made between
incidencesof AV 2inplantscut beforethe AV 2 sourceplantsandthosecut after thesource
plants. Inaddition, thetrial wasdividedintwo sectorswithrepect towind direction. One
half of thetrial wascutinthesamedirectionasthat of theprevailing northerly wind (during
periodsof pollenrelease), and theother half wascut agai nst theprevailingwind, creating
blockswhichwereupwind and downwind of AV 2 sourceplants, both for plantscut prior
to source plants and those cut after source plants (Fig. 1). The effect of natural AV2
transmissioninall directions, couldthereforebeseparated fromtheeffect of transmission
by movement of AV 2-infected sap on cutting knives.

Replicatesinthistrial werethe 12 rowsof plantsfor eachtreatment. Cutting of each
row commenced with a virus-free knife, which had been soaked in the 30 g/litre
trisodium orthophosphatefor 1-2 minutes. Theharvesting periodswerefor threeand six
weeksin 1992 and 1993 respectively, and for nine weeksin 1994 and 1995. During
annual harvests of 1993-1995, five spear butts of 20-40 mm were collected from each
plantandstoredat -20°C, until they wereindividually testedfor AV 2, by indirect EL 1 SA.
The ELISA threshold chosen for determining AV2 infection status was

X+ 4s of the three healthy samples analysed in each ELISA microtitre plate, because
thisthreshold had been shown to eliminatefal se positives (Jaspers and Falloon 1996).
Becauseconcentrationsof AV 2virionsinasparagusplantswereknowntoincreaseafter
infection (Jaspers unpubl. data), any plants awarded false negative scores by this
threshold werelikely to be awarded positive scoresthefollowing year.
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FIGURE 1: Trial plan showingthecuttingdirections and thepositionsof AV 2-
infected sour ceplants—amongst alatticecomposed entirely of AV 2-
free plants in 1992. Changesin plant status are shown as empty
cellswhereplantshad died and asn wher eplantswer einfected with
AV 2 by 1995.
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Theresultant spatial andtemporal patternsof infectioninthetrial werestatistically
analysed in two ways: (1) Plants were scored according to their AV 2 infection status
(plantsweredeterminedtobeAV 2-infected only if oneor morespearstested positiveby
theabovethreshold) and datawereana ysed by Chi-squarewith'Y atescorrection applied
when the number of expected valueswaslessthanfive; (2) Plantswere scored for their
severity of infection by allocating a score of 1 to samples which reached the ELISA
threshold x +4s, (equivalent to 1.1x-1.5x) and alocating ascore of 2to sampleswhich
reached the EL1SA threshold ¢ 2x. The sumsof sample scoreswererecorded for each
plant and datawere analysed by ANOVA.

RESULTSAND DISCUSSION

For eachyear of thetrial, the AV 2infection statusof each plant wasdetermined and
the dataanal ysed with respect to plant placement (i.e. whether cut before or after AV 2
source plants) wind direction (i.e. whether plants were upwind or downwind of AV 2
sourceplants) and plant gender. AV 2infection scoreswereana ysedfor thesameeffects
andal sofor plant positionwithinrows. Fig. 1 showsthelayout of thetrial andthechange
in AV 2 status of plants between 1992 and 1995.

Incidenceof AV 2infected plantsincreased annually; by 1995, 96.5% of the plants
were infected in areas cut after AV 2 source plants, compared to 26.0% in areas cut
before. Thesetrendswereapparent and differencesweresignificant (P<0.05) throughout
1993-1995 by both methods of analysis (using AV2 incidence and AV 2 infection
scores). It canthereforebe concluded that transmission of AV 2 occurred by mechanical
transfer of AV 2 virionsin asparagus sap on cutting knives.

Theeffectsof wind directionand plant gender onincidenceof AV 2-infected plants
areillustrated in Fig. 2. Overall, the effect of wind direction on AV 2 incidence was
significant (P<0.05) only in 1995 and only intheareaswhereplantswerecut beforethe
AV 2 sourceplants, wheretherewas 124% higher incidenceof infected plantsdownwind
than upwind of thesourceplants. Thisindicated that transmissionwasinitially by some
form of wind-assisted transport, al though subsequent harvesting of these plantswould
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FIGURE 2: Numbersof AV2-infected plantsin areascut beforeand after AV2
sour ce plants, during 1992-1995, showing effects of plant gender
and wind direction, i.e. areas upwind or downwind of AV2 source
plants.
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have caused transmission of AV 2 by infected sap on cutting knives. Since asparagus
pollenisnot wind-dispersed butiscarried by avariety of insects, including beesandflies,
(P. Faloon pers. comm.) it seems possible that their movement is assisted by the
prevailing northerly wind and that thisaccountsfor theincreased incidenceof AV2in
plants downwind of the source plants.

Effectsof plant gender onincidenceof AV 2infectionwereonly significant (P<0.05)
in areas where plants were cut before AV2 source plants, resulting in 69% higher
numbers of infected femal e plantsthan male plantsin 1995. Thissuggeststhat female
plantsmay bemore susceptibletoinfectionby AV 2 virions, ashasbeenfoundto bethe
casefor Fusariumroot and crownrots(Falloon 1982), or that pollen-borne AV 2virions
may infect femal e plants during fertilisation. In areas where plants were cut after the
sourceplants, effects of wind direction and plant gender werenot significant (P>0.05),
possibly because these effects may have been masked by the stronger effects of AV2
transmission by cutting.

Resultsfrom analysis of AV 2 infection scoresby ANOV A weresimilar toresults
from the Chi-square analysisusing AV 2 infection status, with respect to plant gender,
winddirectionandwhether plantswerecut beforeor after AV 2 sourceplants. Inaddition,
the ANOV A showed that AV 2 infection scores of plants were significantly different
(P<0.05) at thedifferent plant positionswithinrows, inareaswherecutting wasprior to
source plantsin 1993, and in areas cut after source plantsin 1995. In both cases AV2
infection scoreswere higher for plantscloser to the source plantsthan for plantsfurther
away (Fig. 3).

Although transmission of AV 2inthedirection of cutting wasrapid and extensive,
itcanbeseenfromFig. 1that occasional plantsdid not becomeinfected. Spearswerenot
cut from every plant on every harvest occasion because spear production wasirregular
and total spear numberswere sometimestoo few. Therefore, during any daily harvest
event, groups of plants could have been skipped over, creating gaps in possible
transmission sequences. This could have resulted in uneven distributions of infected
plants along rows. Because AV 2 infection scores reflect many infection events, a
declininginfectiongradient away from sourceplantsmight beexpected. InFig. 3asmall
gradient in meaninfection scoresisevident but becausetherowswerenot long enough
thiscouldnot bedemonstrated conclusively. Fig. 1 showsthat therewassomeclustering
of infected plantswithinrows. However becauseof thestrong effect of AV 2transmission
by cutting and theinterrupted nature of the harvest sequence, the spatial and temporal
distributions of AV 2-infected plants were not considered suitable for further analysis
(Jeger et al. 1987).
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FIGURE 3: Mean AV2infection scoresof plants, by plant position within rows,
during 1993-1995.
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Sinceyieldinasparaguscropscanbesignificantly reduced by AV 2infection (Jaspers
1996), itisimportant that growersusecultural practiceswhich prevent theintroduction
and subsequent spread of the disease within asparagus plantings. Use of AV 2-free
planting material in establishing crops can prevent primary introduction, but once the
virusisintroducedintoacrop it would not seemto be possibleto prevent further spread
by sap on cutting knives, sincedisinfection of knivesbetween plantswould betootime-
consuming to be an economic option.

Thepreliminary evidencefromthistrial indicatesthat pollen-borne AV2 may bea
source of infection for healthy plants but for conclusive evidence of this possibility
further investigations are required. Pollen transmission of AV2 may be of serious
concern to growers, not only because it may increase rates of secondary spread of the
viruswithincropsbut moreimportantly, becauseit could allow introduction of thevirus
from outside sources. Techniques for prevention of pollen transmission will depend
uponthemechanismby whichthe AV 2virionistransmitted to and entersthevegetative
plant tissues. For anumber of viruses which are borne on pollen surfaces, successful
transmission of the viruses to plants has been shown to depend upon the presence of
thrips (Mink 1992). Since a number of thrips species occur commonly on asparagus
plants(Townsend and Watson 1984) and since both thripsand asparagus pollen canbe
transported by bees (Mink 1992), application of pesticides active against thrips may
proveto be an effective means of preventing infection. If the pollen-borne AV2 virion
isfound to only infect femal e plants during fertilisation then use of all-male asparagus
cultivarsmay prevent pollen-borneintroduction of AV 2into an asparagusplanting.
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