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Summary. FiveXiphinemaand oneLongidorus species have been identified as natural vectors of nepoviruses 
in the Americas. Xiphinenm index is the vector of grapevine fanleaf virus (GFLV) and was the first virus 

vector to be identified. Evidence suggests that the X. index - GFLV association probably evolved elsewhere 

and was imported to the Americas with grapevines. All native Xiphinema vectors belong to the Xiphinema 
americanum-group of nematodes and transmit tomato ringspot, tobacco ringspot,cherry rasp leaf, or peach 

rosette mosaic nepoviruses. Longidorus diadecturus is also a vector of peach rosette mosaic nepovirus. The 
ability of X. index and L diadecturus to transmit associated nepoviruses is clear but controversy surrounds 
the X. atnericanum-group vectors and their associated nepoviruses. The controversy stems from the 

reappraisal of the group in 1979 which casts doubt on the identity of some vectors. The X, americanum- 
group vectors are unusual in that they have only three juvenile stages and apparently lack the high degree of 
specificity reported for other nematode- virus associations. Several unnatural virus- vector associations have 
also been reported. 
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The field of nematode virus-vector research 

began in California (USA) with the discovery by 

Hewitt et al. (1958) that Xiphinema index was the 

natural vector of grapevine fanleaf nepovirus (GFLV). 

It is generally accepted that this is an exotic pest 

problem in the Americas which was introduced by the 

importation of X. index infested soil with grapevine 

propagation material. Man has probably played an 

important role in the global dispersal of this nematode 

as it is present in almost every viticulture region of the 

world and since under natural conditions it is found 

almost exclusively with grapevine (Vitis sp.) and fig 

(Ficus carica) (Brown & Taylor, 1987). The 

nematode appears to have originated in the Middle 

East where it has been found in association with 

natural woodlands and wild grapevines (Southey, 

1973; Weischer, 1975). Grapevine fanleaf virus was 

probably also dispersed by man and grapevine 

diseases similiar or identical to GFLV have been 

reported from many countries. The virus, which 

causes leaf deformity, mottling, loss of yield, and 

vineyard decline, is widespread in California and may 

cause severe economic loss where the incidence is high 

(Hewitt et al., 1958). 

The most widerspread and economically 
important nepovirus vectors in North and South 
America are members of the Xiphinema americanum- 
group of nematodes. Of the ca. 20 putative X. 

americanum-group species that have been reported 
from the Americas, four have been identified as being 

virus vectors includingx. americanum, X. bricolensis, 
X. californicum, and X. rivesi (Robbins & Brown, 

199 1 ) . Xiphinema americanum has been reported 
throughout North and South America although some 
reports suggest that X. americanum sensu strict0 
(s.s.) may be uncommon in South America (Allen et 
al., 1971; Alkemade & Loof, 1990; Luc & Doucet, 

1990; Robbins & Brown, 1991). Xiphinema 
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californicum is common along the western seabord of 
the Americas and is widespread throughout 
California, Mexico, Chile, and Peru (Lamberti et al., 
1988; Alkemada & Lmf, 1990; Robbins & Brown, 
1991). This species has also been reported from 
Brazil, New York (USA) and Pennsylvania (USA) 
(Jaffee et al., 1987; Lamberti et al., 1987; Georgi, 
1988). Xiphinema rivesi is found east of the Rocky 
Mountains and is reportedly more common than X. 
americanum in orchards of the northeastern United 
States and eastern Canada. It has been reported 
infrequently from Argentina and Peru, (Alkemade & 
Lmf, 1990; Luc & Doucet, 1990; Robbins & Brown, 
199 1). Xiphinema bricolensis is apparently restricted 
to the west coast of North America and has only been 
reported from British Columbia and California 
(Ebsary et'al., 1989; Cho & Robbins, 1991). The 
nematodes are widely distributed but most reports of 
nepovirus transmission come from the centers of fruit 
production, particularly orchards and vineyards with 
temperate climates. 

Tomato ringspot virus (TomRSV) is by far the 
most widespread and economically important 
nepovirus in North and South America. Reported 
vectors for TomRSV include X. americanum, X. 
bricolensis, X.  californicum, and X.  rivesi. The virus 
infects many fruit crops including most stone fruits, 
apple, grape, raspberry, and blueberry. Tomato 
ringspot virus is perhaps best known as the causal 
agent of Prunus Stem Pitting disease (PSP) which 
occurs in peach, nectarine, and cherry. Trees affected 
by PSP have the general appearance of being girdled. 
Leaves droop, curl upwards lengthwise, and may be 
chlorotic. In the autumn, leaves change color and 
abscise earlier than comparable noninfected trees. 
Infected trees typically have a high fruit set but the 
fruit is smaller and more brightly coloured than on 
healthy trees. There is enlargement of the trunk at or 
below ground level and the bark in this region is thick 
and spongy. Removal of the bark reveals pits and 
grooves in the wood. Trees generally die within 1-2 
years from the onset of symptoms. There is consider- 
able variation in symptoms between cultivars 
(Mircetich & Fogle, 1976). Other stone fruits diseases 
caused by TomRSV include prune brown line (PBL), 
Stanley constriction and decline (SCAD), and yellow 

bud mosaic (YBMV). Tomato ringspot virus is also the 
causal agent of apple union necrosis and decline 
(AUND). The disease is only a problem on grafted 
trees where the fruiting variety is resistant to 
TomRSV and the rootstock is tolerant (susceptible). 
The leaves of infected trees are small and sparse with 
dull pale green coloration. The terminal shoot growth 
is reduced, internodes are short, and trees typically 
set a large crop of small highly coloured fruit. There 
is often a noticeable swelling of the trunk above the 
graft union and the bark in this region is abnormally 
thick and spongy. Upon removal, the bark tissue 
appears orange and a distinct necrotic line is seen at 
the scion-rootstock union. The infection is not always 
lethal but trees are unthrifty. In severe cases, trees 
break off at the union (Stouffer & Powell, 1989). A 
number of different strains of TomRSV have been 
isolated and some reports suggest that the nematodes 
may transmit different strains with varying levels of 
efficiency. More research is required to confirm the 
transmission efficiency of different vector species for 
the same and different strains of TomRSV. 

Cherry rasp leaf virus (CRLV) is the causal agent 
of cherry rasp leaf disease in western North America 
and is transmitted by X. americanum. Leaves of 
infected trees develop prominent enations on the 
underside and may be distorted. Lower spurs and 
branches may be killed as the virus spreads within the 
tree. Trees become untrifty, produce few fruit, and 
may die, especially if infected while young (Nyland, 
1976). Cherry rasp leaf virus is also the causal agent 
of flat apple disease. Shoot growth on infected trees 
appears bushy and foliage of affected branches is 
narrow and elongated. Affected fruit are about half 
the normal length, the stem cavity is shallow, lenticels 
enlarged, and the calyx basin is broad with prominent 
points. Normal and affected fruit may occur on the 
same branch (Blodgett et al., 1963; Parish, 1977). 

Tobacco ringspot virus (TobRSV) is transmitted 
by X. americanum (Fulton, 1962). The virus infects a 
number of different crops but is only considered 
economically important on a few including blueberry 
and certain grape varieties. 

Peach rosette mosaic virus (PRMV) is the causal 
agent of peach rosette mosaic disease which occurs in 
Michigan and Ontario. The virus is transmitted by X. 
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americanum and Longidorus diadecturus. It is 
unusual for a nepovirus to be transmitted by 
nematodes in two different genera. Infected trees 
develop rosettes of leaves resulting from a dramatic 
shortening of the internodes. In addition, trees may 
exhibit delayed foliation, chlorotic mottling, and 
distorted leaves. Typically infected trees are darker 
green than uninfected trees (Klos, 1976). 

Common weeds may harbor latent infections of 
these viruses and serve as natural reservoirs. In 
Pennsylvania at least 23 common orchard weed 
species have been found naturally infected with 
TomRSV. Nepoviruses are seed borne in many of 
their weed hosts which serve as a primary means of 
disseminition. Viruses can be dispersed via nematode 
transmission, infected weed seed, vegetatively 
propagated weeds and dodder transmission (Powell et 
al., 1982; Welliver & Halbrendt, 1992). Transmission 
by nematodes is the only natural means of fruit tree 
infection. Recent studies have provided additional 
evidence of a lack of specificity between X. 
americanum-group nematodes and their associated 
nepoviruses. New virus vector associations identified 
were X. bricolensis which transmitted TomRSV and 
X. californicum and X. rivesi both of which 
transmitted CRLV and TobRSV (Brown et al., 1992). 

Prior to 1979, X. americanum was considered to 
be cosmopolitan. A reappraisal of the species and sub- 
sequent critical observations have shown that many 
early reports probably refer to other species. The 
morphologic similarity and possible misidentification 
of species has placed in question some early reports 
regarding the geographic distribution and virus vector 
capability of dagger nematodes. Many reports of X. 
americanum in Europe for example, were sub- 
sequently refered to X. pachtaicum or X. brevicolle. 
More recently it has been suggested that the reports 
of X. brevicolle occumng in Europe more correctly 
refer to X. taylori (Lamberti et al., 199 1 ) . Xiphinema 
rivesi was unknown in Pennsylvania until a survey 
revealed that this species was more common than X. 
americanum (Lamberti & Bleve-Zacheo, 1979; Forer 
& Stouffer, 1982; Brown & Taylor, 1987). The 
geographic range of many X. americanum-group 
species overlap and it has been suggested that the 
number of virus vector nematodes in the Americas 

may be greater that previously reported (Lamberti & 
Roca, 1987). Loof & Luc (1990) have suggested that a 
through revision of the group is necessary before any 
statements can be made about the number and 
validity of the species pertaining to it. New data and 
techniques are becoming available which will probably 
influence the future identification of species in the 
group. For example it has been shown that native X. 
americanum-group virus vector species in the 
Americas have only three juvenile stages whereas 
other X. americanum-group species, which have not 
been reported to vector virus, have four juvenile stages 
(Halbrendt & Brown, 1992). 
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Halbrend J.M. nepe~0clrMKM BHpyCOB HeMaTOAbl c ~ M ~ ~ c T B ~  Longidoridae M aCCOllMHpOBaHHble C HMMM BMpYCbl B 

AMepMKe. 
Pe310~e. nR~b BMAOB pORa Xiphinema M OAMH BUR pOAa Longidorus 6bmu 3apeMCTpMpOBaHbl B AMepMKe KaK 
eCTeCTBeHHble IlepeHOCWIKM HenOBMpyCOB. H ~ M ~ T O A ~  Xiphinema index, nepeHOC9MK BMpyCa KOPOTKOY3nMR BM- 

HorpaRa (GFLV) ,6b1na o 6 ~ a p y m e ~ a  nep~ok. BO~MOXHO. accoqnaqnP Xiphinenm index - GFLV pacnpocTpaHeHa 
BRpYMX MeCTaX II 6b1na HMnOpTMpOBaHa B A M ~ P H K ~  C KyJlbl~p~k BMHOrpaAa. Bce eCTeCTBeHHble nepeHOCWfKM U 3  

pona Xiphinema oTHocnrca K rpynne Xiphinema americanum n nepeHocm uenoenpycbr: ~ o n b q e ~ o k  nuTHucrocTu 
TOMaTa, KoJlb~e~ok IlRTHHCTOCTM ~ o 6 a ~ a .  CKpyllMBaHHR JlMCTbeB 9epelUHM H P O ~ ~ T O ~ H O ~  M03aMKM nepCMKa. 
Longidorus diadecturus nanneTcn TaKxe nepeHocsnKoM Henoenpyca po3e~os~o2  M O B ~ H K M  nepcnrta. C ~ O C O ~ H O C T ~  
X. index HL. diadecturus nepeHOCHTbaCCOUMMpOBaHHble C HMMH BHPYCbl AOKa3aHa, HO WR HeMaTOA-nepeHOC9MKOB 
HenOBMpyCOB H 3  I'pynnblX. a ~ r i c a n ~ m  OHa OCTaeTCR C ~ O ~ H O ~ .  COMH~HMR CBR3aHbl C npaBMJlbHOCTb OnpeAeneHMR 
HeKOTOPbUC nepeHOC9HKOB 3 ~ 0 k  rpynnbl B 1979 I'OAy. H e ~ i l ~ ~ ~ b l - n e ~ e ~ ~ l r M ~ M  BMPYCOB M 3  rpyllilbl X. american~m 
He06bl9Hb1 TeM, 9TO MMeHlT TOJlbKO TPH JlM'IMHO'IHble CTaAMM M HMX, no-BMnHMOMY, He XapaKTepHa BblCOKaR 
menem cneqn@ns~oc~u,  o 6 ~ a p y x e ~ ~ a ~  m a  npymx accoqnaquk ~ e ~ a ~ o n a - ~ n p y c .  Coo6urae~cn TaKxe o ~ p y r n x  
aCCOl(Ma~MRX BMpyC-nepeH0ClrUK. 


