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ABSTRACT

The ecology and virus-vector relationships of
Xiphinema diversicaudatum with the hop strain of arabis
mosaic virus (AlNV-H) and of Longidorus caespiticola and
Longidorus leptocephalus with the 'Lnglish' strain of
raspberry ringspot virus (RRVeE) were studied in the
laboratory and in the field, Hop was a poor host for
Xe diversicaudatum which did not aggregate on roots. Weeds
common in hop fields proved more suitable than hop plants
for the nematode's multiplication, In field hops, all
three nematode sBpecies occurred to a depth of 90 cm with

peak populations of X. diversicaudatum at 11-19 cm and of

L. coespiticola and L. leptocephalus at 20-~34 cm.

Using small containers, handepicked X. diversicaudatum,
reared on nettlehead-diseased or other AMVe-infected hops,
transmitted AMVeH efficiently to hops, some herbaceous
indicators and hop-~field weeds., Viruses causing nettlehecad
and line-pattern symptoms were transmitted by nematodes for
the first time. AMVeH persisted in starved i. diversicaudatum
larvae for 29 weeks and for 30 weeks in adults. Temperatures
profoundly influenced symptom expression of AMVeH in
herbaceous indicators and 14-18°C was optimal, AMVal was
not detected serologically in hop leaves until at least

27 weelkis after nematode inoculatien of roots. FPetunia

hybrida, Chenopodiwn murale, Cirsium veunse, Senecio

ilgaris, Atriplex patula and Chenopodium album were found

to be hosty of AMV=H; the virus was seed-=borne in the last

two species and also in Chenopodium guinoa.



RRVei was transmitted by L. caespiticola and
L. leptogephalus. [Lfficient transmission of RRV-E by
Xo diversicaudatum was demonstrated and the virus persisted
in starved nematodes for at least 206 days. From a mixed
infection of RRV—E and AMVT (arabis mosaic virus, type
strain) X. diversicaudatum transmitted both viruses simule
taneously, but AMV-T more readily, whereas L. caespiticola

transmitted with equal efficiency.
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EART L
ECOLUGY AND VIHUS-VECTOR RELATIONSHIPS OF

XIPHINEMA DIVERSICAUDATUM (MICOL.) AND THE

ROP STRAIN OF ARADIS MOSAIC ViRUS

INTROBUCTIUNR

Hop, Humulus lupulus L., is affected by a uumber of
virus diseases. Among them, nettlohead, whici affects all
varietios but is most severe in Fuggle, appears to be the
oldest and probabkly the most serious., This disesase occurs
in all hop growing areas in ingland and is reported to be
serious in Tasmania (Johmstone, 1963), {erhapa the first
recorded acgount of the occurrence of nettlehead in England
was made by Heynolde icot 4dn 157% in a brief descriptiem
cited by Legyg (1964) thusi 'The Hoppe that lykes not his
entertainment, nazely his seat, hls zrounde, his keeper, Lis
dunge, or the manner of his setting, ete., appeareth at the
first cut of the grounde greener and small in stalk, thicke
and rouzhe in leaves verye lyke unto a nettle®, In 1870,
Charles Whitehead described nettleheadelike rotting symptoms
of hop roots in old gardens in Kent, and in 18%4, one
hundred larasers complaimed of the seriousness of nettlehesnd
in a meeating at Wye College (Leyworth and Paine, 19350),
it wvas Percival (1893) who first desceribed neitlehead
diseans and amcribed 4t to the attacks of tiuc nomatode
letorodera schaghtii Sehmidt, Ouffield (1923), hovever,
disproved this when he showed that there wers no significant
differences betwsan the mumber of nematodes on the roots of

healthy hops and those with nettlehead disease, Salmon and



wvare (1930) and Ware (1939) obtained evidence that nettle~
head was graft-transmissible, This observation was confirmed
by Keyworth (1941) and Keyworth and Davies (1946) who
concluded that nettlehead was transmissible by inarching
and that it was probably a virus disease. Early attompts
to transmit nettlehecad through the scil were unsuccesasful
(Keyworth and Davies, 19463 Anon, 1951, 1953; Legg and
Ormerod, 1959). However, further work was stimulated by
the discovery that Xiphinema diversicaudatum (Micol,) was
the vector of a strawherry isolate of the type strain or
arabis mosaic virus (Jha and Fosnette, 1959). Legg (1964)
transmitted nettlehead to Early Prolific hops by grafting
and by manual inoculation with leaf and root extracts of
diseased hops and with concentrated.partiglly purified
preparations from nettlehead-diseamed hops. The presence
and identity of a strain of arabis mosaic virus {(AV-H) in
nettlehead-affected and in symptomless hop plants was shown
by Bock (19G6) by electron microscopy and serology.
Consistent occurrence of numerous X. diversicaudatum was
reported in hop sites in Kent where nettlehcad rapidly
became prevalent in monthly-planted AMV~free setts and in
an area at Rosemaund Ixperimental Husbandry Farm where
scvere split leaf blotch bad occurred within two years of
replanting with virus-tested stocks (Bock, 19663 Anon,
1967). In common with nettlehead-diseasad hops, AMV-l was
also demonstrated in plants showing ‘'bare bine' and severe
split leaf blotech symptoms by gel-diffusion serology (Anon,
19693 Thresh and Ormerod, 1970)e A brief desecription of

these diseases follows:
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Split leaf blotch.s~ This disease occurs only in the
variety Fuggle, The first symptoms during the early growing
season in March or April are referred to as 'bare bine'
or 'apidery hop' (Wilkinson, 1946). The stenms are few and
weak in growth, some being small and stunted compared with
the numerous growths and bushy appearance of healthy plants,
Bines of affected plants are often dark grean or reddish
in colour and affected plants usually oceur in small groups
or rows., These aymptoma are lost after the bines are
trained up the strings and superfluous shoots are removed,

lL.ater in the season, symptoms appear on young leaves,
Irregular arcas of the lamina turn pale yellow and appear
transparent and oily, The uneven growth results in a
distorted leaf and eventually the affected patches of tissue
die and tear or fall away, leaving irregular holes and splits

(Leyworth, 1951),

Nettlehend.- Affected bines are rigid and with short
internodes, lose their climbing power and fall away from
the strings, giving a characteristic dwarf appearance,
become very brittle and of a dull-yellowish brown colour.

The vasal lobes of newly formed leaves are small or absent,
the leaves stand out stiffly with their edyses curled upwards
resembling those of a nettle, and sometimes develop enations.
This disease does not kill the plant but renders it weaker
year by year (Keyworth and Davies, 1946),

The present study, conducted at iast Malling Rescearch
3tation from October, 1968 to May, 1971, aimed to investigate
the ececlogy and virus-vector relationships of Xiphinema
diversicaudatum and the hop strain of arabis mosaic virus

(AMV=il) in nettlehecad disease,
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MATERIALS AND METHODS

The following biological matorials were used tixroughout
the study:
Xiphinema diversicaudatum (Micol,):
a) Non~infective - from 'woodland soil' at iligh
Halstow, Kent, containing nematodes of which about
98% were X. diversicaudatum; referred to subsequently
as 'woodland Xiphinema'.
b) Infective:
(i) Vwoedland Xiphinema raised on Fuggle hop plants
that became infected with AMV-H when planted for omne
growing season in a site where split leaf blotch occurs
at 5lade Yard, Rosemaund Lxperimental Husbandry Farm,
Herefordshire, tiowever, the actual infector plants
never showed the disease when grown in wooden boxes
(20 em x 30 cm x 45 em) for at least four months;
this isolate is referrecd to in the text as 'Slade
soil box Xiphinema'.
(i1) From soil around roots of hops {(Bramling Cross)
with severe nettlehead disease at Nevergood Farm,
Horsmonden, Kenti referred to as 'Field nettlehead
Xiphinema'.
(1iii) Woodland Xiphinema raised on nettlehead-dizeased
Fuggle hops from Grigg Farm, Headcorn, Kent, grown in
boxes as in (i) and referred to as "Mettlehead soil
hox Xiphinema',
AMV isolates:
al AMVeH (5) - from hop source plants mentioned in

b(i) above.



b) AMV-H (N) - from hop source plants mentioned in
b(ii) above,

c) AMiV-T = from strawberry.

Ecology of Xiphinema diversicaudatum on hop

In root observation boxes.- Root observation boxes

(15 cm wido x 45 cm long x 45 cm deep) provided with detach-
able glass frames on two sides and containing 1,1 cu.ft of
s0il were used (Fig, 1), The inner sides of the box were
lined with clear 'Melanex' polyester smhecet to hold the scil
in place when the glass frames were removed during sampling,
4 removable 1lid outside the glass frame shielded the roots
from light., The woodland s0il used was screened through

3 cm mesh and mixed thoroughly before placing it in the
boxes, The initial number of the different growth staces

of the nematode was assessed from samples taken at random,
One lot from the same batch of so0il, placed in a 'pelythene’
(polyethylene) bag and kept at 3°C, was used to replace the
samples taken during the experiment. Hoot-free areas in
each box, referred to in the text as *soil cylinders’, were
maintained by putting part of the scil in ricid polythene
tubes (7 cm diameter x 15 e¢m long), each provided with three
cquidistant side cut-outs (2.5 x 9 em)y; on which and on
both onds were ‘soldered' 50 micron mesh nylon bolting cloth
which the nematodes, but not the hop roots, could penetrate,
Four soil cylinders were buried horizontally in each box
with their ends touching the *Melanex' sheet on both sides

(Figs. 1)s A hop seedling or sett was planted in the centre
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glass
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of each box, except in the controecls, which contained soil
only. The soil surface was covered with black polythene
sheet to minimize drying and each box was watered similarly,
So0il samples on and around selected primary roots and
along mats of lateral roots were compared with adjacent
sites & cm from roots, Samples were taken contiguously
with a 1 em diameter semi-c¢cylindrical brass core-sampler
driven horizontally 1 cm deep. However, a 2,5 cm diameter
core-sanpler, driven 7.5 cm deep, was used to take the
sanmples inside and outside the s0il e¢ylinders as well as
those along the vertical and horizontal axes of the root
box, Samples insdide the so0il cylinders were taken at their
centres and those outside, exrosed to hop roots, were taken
horizontally, 12 cm distant from the centre of the adjoining
cylinder. Fach sample was washed into a glass tumbler and
nerniatodes were extracted by a modified Cobb's decanting and
sieving dish technique, henceforward referrcd to as Flegg's
technique (Flegg, 1967)3 adults and larval stages were

counted separatelyv.

Under field conditions.- The site selected for this

study was a 3eacre hop field at Horsmonden, hent. This
planting (Bramling Cross and W.G.V.) has been badly affected
wiih nettlehead disease and previous samplings in the areca

vielded appreciable numbers of X. Jiz-rsicaudatum.

$0il samples were taken, at sites randomized throughout
the field, between and within hop rows at various depths
and distances from the plant in September, 1909, Sampling
between rows was done by first digging a trench 15 cm from

the hop hill, about 40 cm wide, 90 cm deep and 1 m long,.
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Then twin-core samples were taken with a trowel horizontally
at 1le19, 26=34, 41.495, 56-64 and 71«79 cm depths at O, 45
and 90 ¢m distances from the plant. fach sample was gently
crumbled, mixed and a 200 ml subsample was processed for
nematodes by Flegg's technique. After a 20«hour extraction
time, the nematodes were collected and the adults and larval
stages were counted separately,

When sampling between hills, holes about 30 cm square
and 15 cm deep were first dug with a spade at 15 em and 90 cm
distances from the hop plants (i.e. midway between two hop
hills), Twinecore samples were than taken with a trowel at
15=30 c¢m deep in the holes and a 200 ml subsample from
each was processaed as in the sampling between rows,

The data, and those obtained from the root observation
boxes, wers transformed into square roots and analyzed

statistically.

Survival and multiplication of Xighigeﬁ.

divarsicludatum on weeds and on virus indicators

Seeds of weeds common in hop fields and of some virus
indicators used in nematode transmission tests were sown in
steamed so0il on dates arranged so that all specles germinated
at roughly the same time, One seedling of each test plant
was tranasplanted at the first true=lcaf stage into a 20 ml
clay pot, with drain hole plugged with plaster of Paris,
containing a 3:1 stecamed soillesand mixture. The eight
replicates of each plant species, including the unplanted
control, werc randomized in blocks with the pots partly

embedded in moist sand to reduce fluctuations in the
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environments Two weelks after transplanting, each plant

was infested, via a hole dug into the root zone, with 20
males and 30 females of X. diversicaudatum that had been
starved for eight months, Ten weelks after infestation, the
nematodes wvere extracted and males, females, different larval
stages and uterine eggs counted separately, The roots were
examined for galls and representative samples were stained

in acid fuchsin-lactophenol and photographed,

Virus~-vegtor relationships of AlNVaIl

and Xigh inemg divers igiudntgn

Nematodes.~ All infective nematodes used in studios

on virus-vector relations were extracted by Flegg's technique,
including those raised on shoot-tip cuttings of nettlshead-
diseased hops rooted in polythene ice~cube moulda., Uften,
hand-picking and inoculation commenced after 3 hours extracw
tion through nylon screens in dishes or at most overnizht,
thereby ensuring that all the nematodes were activé. Moulting

nemnatodes were excludsd.

Virus trgnsmission by nematodes.~ All nematodes used

in transmisaion tests were hand-picked under the binocular
microscope with the aid of a finely peinted bamboo splinter,
T™The nematodes were collected in wells of perspex cavity
blocks and then scooped into small containers consisting of
plastic egg cups (20 ml) or small clay pots (20 ml, with the
drain hole plugged with plaster of Paris), each containing

1 ml steamed soilesand mixturej; Just enough water was used
to wash off the dweewbebed nematodes. LChenopodium guinoa

and Fuggle hops used as bait plants were inoculated at
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cotyledon to first true-leaf stage. The roots were first
carefully washed, placed over the nematodesa, covered with
about 5 ml of steamed soil-sand mixture and watered from a
wash bottle or pipette. The egg cupns or clay pots were
rartly embedded in moist sand to reduce environmental
fluctuations., After i-5 weeks, the roots of the bait plants
were washed free of soil and nematodes, zround with
'Superfloss Celite' (Johns«Manville Ltd.,) and inoculated

on leaves of C. amarantigolor indicators at the 6-leaf stage.
All inoculated indicator plants were incubated in a growth
chamber at 14-18°C, The presence of virus in test plants
showing systemic symptoms was confirmed by gel=diffusion
serology with expressed sap and a 1:40 dilution of antiserum
to the type strain «f arabis mosaic wvirus, isolated from

stravberry.

Virus transmission through seed.- Seeds were collected

from individual plants infected with AMV<l at the seedling
stage by X. diversicaudatum or by sap-inoculation. These
were sown two weels later, in steamed socil in the green~
house, Two weeks after sowing, when the roots were about

3 cm long, 30 seedlings from each plant were transplanted
singly into polythene ice~cube moulds (10 ml), provided with
fine drain holes and a piece of nylon bolting cloth at the
bottom to prevent roots from protruding. The ice-cube moulds
were embedded to the brim in moist sand to minimize watering
until each plant was indexed for virus, This was done 6
weeks after sowing the seeds, by incculating the sap to

L+ amaranticolor. The presence and identity of virus in
indicator plants showing systemic symptoms was confirmed by

gel~diffusion serology.
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RE SULYS

ECOLOGY oF XIFHINLMA UIV&HSICAUD%TUM ON HOP

Studiep in root observation boxes

lematode distributien in relation to primary roots.-

Commencing in May, 4-5 weeks after planting the hops, white,
fast~growing primary roots were observed through the sides
of the root box., The daily increments of this type of root
measured ovoer 714 days averaged 1 cm in the 1969 trial,
when seedling hops were used, and 1,5 em in the 1970 trial,
when rooted cuttings were planted., Following the procedure
of Pitcher (1967) for Trichodorus viruliferus, only three
samples were taken in the rhizosphere during the 1969 trial,
However, after considering the faster growth rate of hop
roots compared with apple roots and the bigger size of

Xe diversicaudatum compared with Trichodorus, the 1 c¢m
diameter contigucus sampling during the 1970 trial was
extended back to 9 cm from the tip, where lateral roots

were beginning to form.

Examination of excised root tips under the microscope
showed neither nematodes nor any apparent cell discolouration
that may have resulted from nematode feeding. The mean
number of X. diversicaudatum obtained from the rhizosphere
samples did not differ significantly along the root from
the tip throughout the 9 cm length (Table 1), Similarly,
the mean number of nematodes in the non-rhizosphere soil
obtained in front, at left and at right of each root tip did
not differ significantly from that in the rhizosphere area.

Similar results were cobtained in both trials,
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Table 1. Distribution of Xiphinews diversicauaatunm

in relation to primary roots of hops

grown in observation boxes

Mean number per 1 ml soil

Distance from

root tip (cm) ithizosphere None-rhizosphere

1969+ | 19707 1969+ 19707

1.5 Front 2,06 3641

1.5 Left 2. 96 2.92

1.5 Right 1.79 2,10
O 2.84 bo2h
1 1,50 .24
2 2.69 2.88
3 2.92
4 h.2h
5 3.80
6 3.12
7 2.96
8 2,61
9 3.67

*S.,Ey = 0,212 (Data shown are the means of 5 root samples

in Vx + 1 transformation)

TS.E. = 0,196 (Data shown are the means of 12 root sauples

in vVx + 1 transformation)
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Nematode numbers in sites with and without roots.- As

no differences were found between the nematode populations
in the rhizosphere and in the non-rhizosphere, it was thought

that perhaps because of its large size, X. diversicaudatum

wandered away from the roots after feeding, The results

of contiguous sampling taken with 1 c¢m diameter core sampler
on (a) a mat of lateral roots formed between two primary
roots, (b) tips of lateral roots arising from one primary
root, and (¢) arcas & cm from roots, save no significant
differences between the number of X. diversicaudatuum in any
of these sites (Table 2), Similarly, the number of nematodes
in samples within each site d4id not differ significantly.
Thege resgults corrohorate those in Table 1 which showed

that X. diversicaudatum, unlike Trichodorus viruliforus on

apple roots (Pitcher, 1967), does not aggresate on hop roots.

Movement of nematodes from root-fres soil cylinders

towards roots.~ During the 1969 test, with four replicates,

samples were taken in July, August and October, i.e., 3, 4,
and ¢ months after planting the hops, respectively. In
samples obtained in July and in August, the number of

Xo diversicaudatum inside the root-free so0il ecylinders did
not differ significantly from the counts ocutside the soil
cylinders exposed to hop roots (Table 3). In the Uctober
samplings, however, the number of nematodes outside the soil
cylinders were significantly more than the number inside the
s0oil cyliinders. The experiment was repeated in 1970 using
s0il with a higher population of X. diversicaudatum and

eight replicates. Control boxes with s0il only were also

provided., The results obtained in the rocot boxes with hops
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Table 2. Number of Xiphinema diversicaudatum

per 1 ml contiguous soil samples in root

observation boxes containing hops

Yean®

Location (back-transformed)

Along wmat of lateral roots between

two primary roots 2.96

At tips of lateral roots arising

from one primary root 3.16

In areas 8 cm from hop roots 2.80

*Three replicates of 1lU samples eachi data analyzed as

VX + 1; S5.E. of transformed mean = U,103,
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and outside 'soil cylinders!

22

Number of Xiphinema diversicaudatum inside

(sC) in root

observation boxes with and without hops+

1970

With hops

Wwithout hops

1969
Samples taken
with hops
July
Inside 5C 35¢7 (5.99)

* U520

Cutside 5C 42,3 (6.32)
Uctober

Inside 5C 14,5 (3.72)

* 0.231

Cutside SC 3705 (5096)

129.5 (11.297)
¥ 06339

95.0 (9.712)
56,7 (7.%05)
* 06339

113.9 (10.,465)

105.9 (10.248)
® 0.§79

111.5 (10.515)

10745 (10.274%)

. w.%TO

98.9 (9.888)

*Respectively, means of % and O replicates for 1969 and 1970

trials; (

* gstandard errors of transforned data.

), means of data in /x + 1 transformationsj
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were very similar to those recorded in the 1969 experiment,
where the density of nematodes in Cctober outside the soil
cylinders and exposed to the hop roots was twice that inside
the 80il cylinders, In contrast, in the control boxes
without hops, there were no significant differences between
the number of nematodes inside and outside the s0il cylinders
in either the July or October samplings, suggesting that,
in the absence of an attractant such as food (root), there
was either no movement, or a Z-way movement through the
mesh cut-outs in the so0il cylinders, The results of these
two experiments indicate that the nematodes in the root-
free soil cylinders moved towards the hop roots but that
it took them more than 4 months to travel a distance of
about 10 cm, The significant reduction in the number of
nematodes in Uctober from the counts in July which occurred
in both trials in the root boxes with hops, but not in the
control, suggests that hop is either not a suitable host
or that it is slightly toxic to X. diversicaudatun.

Counts of nematodes in the upper so0il cylinders placed
12 cm from the surface and adjacent so0il exposed to hop
roots were comparced with the numbers obtained in samples
ingide and outside the lower soil cylinders placed 33 em
from the surfacee. The results in both experiments showed
that the density of X. diversicaudatum in the lower balf of
the root box was significantly higher than in the upper half,
indicating that the nematodes tended to move downwards with
the roots., This significant change in number was not
detectable in July, but was apparent in August, 4 months

after planting the hops.
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Population structure.~ To determine the effect of

heps on the population structure of X. diversicaudatum, the
numbor of males, females and the different larval stages
was asscessed in soil samples taken in April, when the hops
were planted in root observation boxes, and in July and
Uctobery 3 and 6 months later. Contrel samples were taken
from boxes witnout hops,

The percentage of adults (AD) and cach of the different
larval stages (L1, L2, L3, L&) in samples from root boxes
with and without hops are shown in Table 4, Compared with
the initial population in April, the population of L1 and
L2 in July in root boxes without hops each decreased by 5.
“imultaneously, there was corresponding increase in L3 and
L% of 4% each and in adults of 3%. These results clearly
indicate that moulting occurred in the absence of host
plants and with 1% mortality between moults, No indication
of moulting occurred after 6 months, suggesting that limited
moulting occurred only within 3 months of the start of
starvation. There was no further indication of moulting
between 3 and 6 menths from the onset of starvation,
respectively, between July and October,

In root boxes with hops, however, the proportion of
Ll and L2 in July decreased by 11% and 6i¢ each, At the
same time, there was an increase in L3, L4 and adults by
2%, 8% and 7%, respectively., These results indicate that
a higher percentage of nematcdes moulted, compared with those
in the unplanted control, The bilg reduction in the proportion
of L1, which was not matchod by an increase in the subseguent

stages, further suggests that, if hop contains any toxic
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Table 4. Changes in population structure (%) of

dphinema diversicaudatum in root observation

boxes with and without hops

Initial % Composition after 3 months |% Composition after 6 months

Stage | population (July) (October)
|| (omtl)® 11 | 12 | L3 | L4 | AD | L1 | 12 | L3 | 14 | 4D
] | 1 : ! -.
Ll 16.3 5,2% 1.0+
10, 6%* 10,84+
L2 17.8 11.6% 6.4%
12,6+ 9,74
L3 19.1 20,8% 24.0%
22,8%* 21,8#%
L4 12,2 20,0% 27.3#
16,2%% 20,5
AD 34.7 42.4* 41.4%
3T.0%% 38.0%

*pean of 6 x 200 ml samples,
*With hops; mean of 32 x 30 ml samples,.

**¥Jithout hopssy mean of 32 x 30 ml gamples,
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substance, it is the Ll stage that is most vulnerable.
After 6 months, only 1% L1 remained and moulting of L2, L3
and L4 became more marked,

In root boxes witihh and those without hops in the July
and October samplings there were, in all cases, approximately

5% more females than males,

Vertigal and horizomtal distribution.- The distribution

of nematode vectors in the soil is important not only in
aestablishing their role in the etiology of a plant disease

but also in relation to their control by chemical treatments,
The following experiments report the reosults of studies on

the vertical and borizontal distribution of X. diversicaudatum
in s0il boxes planted with hops,

Data obtained 6 months after planting the hops (¥Figs. 2
and 3) show that the nematodes were more numnerous from 10 em
downwards and fewer at sites closer to the surface and to
the sides of the root observation box, While the distribution
of nematodes in the root boxes with hop appear to coincide
with areas of maximun hop root density (¥ig. 4), the nematode
distribution in boxes without hops feollowed a similar pattern,
suggesting that other factors besides root concentration,
probably temperature and moisture, were involved, Starting
with thoroughly mixed soil, marked changes in nematode
density were detectable 6 months later, as shown by contiguous
25 cm diameter samples taken vertically and bhorizontally
along the central axes of root observation boxes with and
without hops. In general, there was a higher f{luctuation
(0=50) amongst the vertical samples taken from surface to

bottom than amon:st the horizontal samples (l=34} taken 22 cm
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from the surface, Similarly, a higher fluctuation occurred
amongst samples in boxes with soil only than in boxes
rlanted to hops,.

A remarkable redistribution of adults (AD) and the
larval stages L2, L3, L4, in relation to depth, was obtained
in the root boxes during the 1969 test (Fig. 5)¢ LExcept
for the Lls, which were very few, the density of L2s and
L3s was highest at 5-15 em from the surface and then gradually
decreased with depth. In contrast, the density of adults
and L4s increased with depth down to 40 em., During the
test in 1970, however, the number of L1, L2, L3 and L4 was
higzhest at depths of 10=37 cmj results cobtained with adults

were as in the 1969 test,

Field Studies

Vertigcal and horizontal distribution.- The fluctuations
in the numboer of L. divorsicaudatum between 7 cm diameter

contiguous samples taken at 15-30 cm deep in three parallel
transects across the row of nettlehead-aflfected hops are

given in Fige. 6o In the transect cut through the hop plant,
there was very little fluctuation within 30 em of the hop,

but considerable fluctuation beyond. The transect cut at

30 em from the hop gave the least fluctuation and the lowest
nematode counts, probably due to partial exposure to high
temperature when the transect at 60 cm was cut a week earlier,
This test further sihowed the decreaso in numbers of

Xe diversicaudatum with distance from the hop plant.
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Fige 6, Number of Xiphine: versicaudatum in contiguous
samples, 7,5 cm diameter, taken at 15«30 cm deep
in parallel transectas across the row (A) through
hop plant, (B) 30 e¢m from hop plant, and (C) 60
cm from hop plant, (Horsmonden, Kent, 1969),




In samples taken betiween rows of field-grown hops,

Xe diversicaudatum were found at all depths from 11«79 cm
and at the crown of the hop plant and 45 and 90 cm away
(Table 5), However, they were most abundant at 11«19 cm
deep and then decreased witl. depth and with distance.,
Using the baslic data in Table 5, the totals of adults and
the different larval stages in relation to depth are
presented as percentages in Table 6, These results agree
with the findings of Tayloar ard Thomas (1968) who reported
that the ratio between the number of females and juveniles
under Malling Jewel raspberry was similar at all depths,
Based on the total counts of females and larvac in Table 5,
the reproductive potential was two larvae per female.

The results of sampling between hills, given in Table 7,
show that the density of X. diversicaudatum at 15 cm from
the hop plants was significantly higher than at 90 cm,
ise, midway between two hop hills, thereby supporting the

results given in Fige. 6 and in Table 5.

Laboratory Studies

liop-field weeds and virus indicators as hosts of

X. diversicaudatum.- Measured in terms of survival and

reproductive potential of the nematode inoculum, the results
of an experiment conducted in 90 ml clay pots from May-July,
1970 showed that all species of hop-field weeds and of wvirus

indicators tested, except Cirsium arvense and Atriplex

patula, were more suitable hosts of X. diversicaudatum than
hopas (Table 8). Similar results were obtained in MarcheMay,

1969 in a preliminary test conducted in polycthylene



Table 5,

Vertical and horizontal distribution of

Alphinema diversicaudatum in soil under hop plants

Horsmonden, Kent, September, 19069+

Distance from hop (ecm)

?:ll:)th o 4 5 90 Mean
11-19 42.8 (5.8) 23,5 (hLok) 1443 (3.5) (4,6)
26-34 9.3 (3.1) 5.6 (2.5) 2.3 (1.7} (2e4)
%41=49 5¢5 (2.5) 1.7 (1.6) 1.8 (1.6) (1,9)
56-64 348 (2.0) 1,3 (1.5) 1.0 (1,5) (1.6)
71-79 1,1 (1.3) 0.3 (1.2) 0.1 (1.1) (l.2)
Mean (2.9) (2.2) (1.9)

*Mean of 12 x 200 ml samples in six replicates;

of data in +x + 1 transformation.

5106 of transformed means are: depth

"0. 501

distance «=0,20%

(

), means

34



Table G .

Population structure (%) of

39

Xiphinema diversicaudatum at different depths in

hop soil, lorsmonden, Kent, September, 1969*
8 th stage
Depth row
(cu) : Totals
o L' Ll L2 L3 L&
11-19 15.3 18,8 17,8 3.7 S¢7 Gel 703
2634 4,8 4.3 B 7 0.5 0.8 2.0 15.1
4149 Sk 1.8 1.5 0.3 Oul 0.8 7.9
56=04 1.5 1.3 1.3 D3 0.3 0.6 5.4
71"?9 0.1 0.3 0.? 0.0 {}.1 O.l 1.3
Totals 25.1 26.4 24,0 4,9 7.0 12.6 100

*imsed on total count in 180 x 200 ml samples taken at

0, 45 and 90 cm from hop plant,



Table 7. Etffect of distance from hop plants in the

row on the number of XiEhinema diversicaudatum at
15=-30 ¢m deep, Horsmonden, Kent, September, 1969

Distance from No., per 200 ml soil*

plant (cm) ( /x+ 1)
15 4,00 (2 0.170)
90 3436 (= 0.241)

*»ean of 70 and 35 samples for the 15 and Y0 cm

distance, respectively, in five replicates,
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Table 8, Gurvivel end rultiplication of Ziptiness diverciecaudaty

on weuds oommon in hop fisldz eand on suwre virus indicators*

nezatodes recovered per
pot after 10 weeks Kean larvae

Host species oy | i z_y porrmiﬁ%
e 7] larvio
Stellaris media (L.) Vill, 13 21 151 6
Poa groua L, 16 22 56 3
zenecgio vularis L.** 14 19 53 3
jonchus oleraceus L, 15 19 37 2
finthemds cotula L. w 24 9 <1
Rusex obtusifoliug L. 13 2 11 1
Chenopodium aibum Lo** 13 2 8 31
Cirsium srvense (L.) Soop.** [ 10 9 1
Atriplex patuls L.** 1 13 3 Q
Potunias hybrida Vilm.** 14 19 76 4
Slcotiana glevelandliy Grey*~ 16 23 37 2
Chengrodiwm quinog Willd.+* 1 14 1 A
C. smavanticolor Coste & Ruyn,** 14 20 12 1
Husulus lupulus L,** 10 1 | <1
¥o host 13 13 ° 0

*Conducted in 90 ml clay pois from Hay=July, 19703 incculun was 20 males
and 30 funsles per planty mean of 8 replicates,
le, L2 and & negligidle number of uterine e::s,.

*#logt of AXV=il (see Toble 19).
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cylindrical tubes (Pitcher and M¢Namara, 1670) containing
25 ml soil in which less than 50% of the namatodes survived
with hop, after 10 weeks, and together with Chenopodium
guinoa and C. amaranticolor showed low reproductive

potential compared with Petunia hybrida and Nigotiana

clevelandii. Stellaria media, probably the most common
of the weeds evaluated, gave the highest reproduction for
the nematode, with six larvae per female, followed by

s hybrida, the beast among the indicators, with four.

Nematode reproduction was poor on Anthemis cotula, although

it gave the highest inoculum survival, followed by

N. glevelandii and Pog annua. All species of Chenopodium
tested, and also Atriplex patula, were poor hosts in
supporting nematode reproduction,

All the test plants produced roots with galls and
distortions in varying degrees, shapes and sizes as a result
of the nematode feedinz. The relative sizes of the galls
formed by each species are shown in Figs. 7-9. Those that
formed galls readily and abundantly were o. media, e annua,

e hybrida and Senecio yulgaris. Hop, N. glevelandii, Rumex

mma

obtusifolius, Cirsium arvense, Aitriplex patula and all the
Zhenopodium species did not form many galls, even with high

nematode inoculum, Galls formed by S. media and S. vulgaris
were large and visible to the naked eyej a lens was needed

to detoct galls in the other species. Urtica wrens, also a

common weed in hop fields, 1ormed few, but relatively large

galls (Fig., 8L},
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Fime 7« Koot galls induced by Xiphine diversicaudat
on (A) Stellaria media, iBj Senecio vng,aris.
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Fige 9

Root galls Mduccd by 1.:' inema d;gnrsgcaudﬁm
{a) odlus g } v
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Lvidence of feedinc on hop roots.~ Feeding of

nematodes on plant roots may provide circumstantial evidence
of their role in the stiology of a virus disease, Thus,
gall formation induced by known vectors or multiplication

of such nematodes in the crop plant serve as clues to their
virus~vector potential, However, some species, e,gz, hop,
neither form galls nor support much nematode multiplication.
This study, aimed at datecting X. diversicaudatum feeding

on hop roots, was conducted in the early part of 1969, when
the relationship of X. diversicaudatum and AMVel was not yet
established,

Rooted shoot-tip cuttings of hops grown in polythene
ice-cube moulds, containing sterilized soil, were incculated
with hand=-picked X. diversicaudatum. After 4 weeks, the
root sy=tem of each plant was washed mently into a beaker
of water and then examined immediately in a ietri dish under
a stereoscopic microscope., A number of adults and fourth
stagze larvae were observed with their stylets embedded in
the root tissue, In one case, four nematodes were found on
one plant. A short portion of the root containing each
nematode was cut out, the nematode was relaxed with heat
and, togzether with the root, stained in cotton blue~
lactophenol (Goodey, 1963), The results are shown in
Figs. 10-11, The nematodes feed on any portion of the
root, with the lip region partly embedded and the stylet,
which often penetrated intracellularly, reaching the vascular
region in smaller recots, was, in most cases, curved in the
tissue. Bending of the stylet in root tissue has been
reported on petunia by Pitcher and Posnette (1963). 1In
hop, siight discolouration of cells around the stylel was

observed in a few instances,



¥ig. 1C.

ortions of hop roots with adult and 4th stage
larvae of Xishingna diversileaudatum trapped

in the act of feedinge
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Fig. 11. XiEEinemﬁ g;xersicauggtmn feeding on hown roots
with lips partly embedded and with stylets
extruded in varying positions; note renrlacement
stylet (helow, left) of 4th stage larva.

44
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VIRUS«VLCTOR RELATIONSIIPS OF AMV-I AND

XIPHINGMA DIVERSICAUDATUM

Virus detection

Symptomatology of test plants

The symptoms of AMVell on Ce. amaranticolor and ¢. guinoa
vere first described by Bock (1966). Additional symntoms
liave been observed on these two Bpecies as well as on
Co murale and €. album, all of which were used extensively
in this study., The symptoms described occurred on test plantis
that were sapeinoculated with either AMV-H (8) or AMV.H (N)
isolates and were incubated at 14-18°C in the growth chamber.
votih isolates showed similar symptoms in each test plant
species under these conditions; but symptoms were rare in

fluctuating glasshouse environment,

C+ amwaranticolor.~ Vigorous plants sap~-inoculated at
6~leaf stage showed svstemic salt-mosaic symptoms usually
after Y-10 days startine at the base of vounz ieaves,
accompanied by slight downward cupping and vein-banding
(Fig. 12A). This salt-mosaie pattern disappeared in about
2 days and veinenet symptoms followed, together with chlorosis,
erinkling and wavy leaf margins (Fig., 12B)., Only 3«4 leaves
usually show systemic symptoms, After 3-4 weeks, these
leaves eventually became green, but could still be distin-
zuished by the characteristic crinkling and wavy margins,

By contrast, the strawberry isoclate of AMVaT caused small
necrotic lesgions on inoculnated leaves and death of the shoot

after one week (Fig. 13A).



A
]

Fige.

12.

Symptoms caused by AMV-H on Chenopodium amaranticolor
at 14-18°cC.

A, rizht: slight downward cupping accompanied by
salt-mosaic and vein~banding of young leaves,

12 days after sap-inoculation,

B, right: characteristic chlorosis of young leaves
with wavy margins, 3 weeks after inoculation,
Contrast flat leaves of healthy controls at left.
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Test plants inoculated at 10-12-lcaf stage show only
the vein-net symptoms accompanied by mild chlorosis, Dending
of the shoot and mild chlorosis of young leaves sometimes

occur on a small proportion of plants,

Ce album.~- Only the systemic salt-mosaic syimptoms and
the slight downward cupping of voung lecaves described in
€. amaranticolor occur. The symptoms disappear within a

few days,

C. guinoa.- Bock (1966) described symptoms on C. guinoa
as 'mild vein-net progressinz to brilliant yellowing, light
leaf distortion and rarely by raised dark green blisters'.

In repeated sap-inoculation tests, where the plants were
incubated in the greonhouse and in the growth chamber to
determine which was the better indicator between

L. amaranticolor and C. guinoa, the yellowing symptoms
reported by Bock were reproduced in only onc instance - a
batch inoculated with the AMV-H (S) isolate, although the
virus was also detected in symptomless plants either by
infectivity or by gel-diffusion serclogy tests, Parallel
tests on C. amaranticolor consistently gave distinct symptoms
in all tests. However, a more characteristic and reproducible
symptom of AMVe-H on C. guinoa is the downward bending of the

lower leaves to bring their tips close to the stem (Fig, 133).

C. murale,~ Doth the AMV-H (S) isolate and the AMV-H (N)
isolate, when sap-inoculated separately to vigorous C. murale
at 6=leaf stage, cause progressive infection resulting in
eventual death of all shoots, The first systemlec symptoms

appear 2«3 weeks from inoculation as yellowing and distortion



Fis. 13A.

Fige 1738

Comparison of symnptoms of AMVSH after 3 weoks
{right) with those of AMVaT after 2 weeks
{centro) which causes minute necrotic lesions
on sapwinoculated loaves and death of shoot,
Left: healthy,

pights Symptoms of AMV-l on Chemopodium guinoa
at 1% C showing vellowing of top leaves and

bending of lower loaves &doge to theo stom.
Laft: healthy,

48
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of the youngest leaves (Fig, 14A), Subsequently, the
primary zhoot dries up, follewed by the lateral shoots,
progressing downwards, and finally ending in 'blind tips?',
leaving the older leaves green, Unlike the infection

caunsed by the type strain of AMV, where the plant collapses
and dies in 2 week=z, a plant with 'blind tips' can live

for a lonz time although it is unable to produce new shoots,
’lants inoculated when slightly older usually produce seeds,
although, in time, subsequent shoots also die, In a batch
of 6 plants each incculated in February, 1970, with both
AMVeH (3) and AMVeH (N) isolates and incubated in the green-
house, a progressive bright yellowings symptom occurred on
the older leaves 5 weeks from sap~inoeulation, after all

the tips had died, The symptoms started at the base of the
leaf and gradually moved towards the tip, preceded by yellow

lesions (Fig. 14B).

Detection of AMV-H in C. amaranticolor
B NI o i, st e - e i

Detection of infected plants in nematode transmission
tests was boset by problems at the start of the work due to
the mild syuptoms induced by AMV-H, Growth of test plants
during winter, when temperatures in the greenhouse are
favourable for the virus, was slow and poor due to
insufficient lightinge. The mild symptoms produced on
Lherbaceous indicator plants were masked by high temperatures
in the greenhouse that sometimes occur as early as late
March, Similarly, detection by gel-diffusion serology usually
failed unlegs done on plants showing distinct systemic

symptoms. The following experiments report studies on the
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relationships between symptom expression and (a) size of
test plant, (b) environmental temperature, and (¢) timing

of gele-diffusion serology on test plants infected with AMV=IH,

(a) Size of test plants.~ The plants tested were

7 em and 15 cm tall, measured from soil level to shoot tip,
being 5 and 7 weeks old from sowing and with 6 and 12 true
leaves, respectively., All lesaves were inoculated with the
same inoculum, obiained from roots and shoots of infected

Ce amaranticolor, ground with Celite. The plants were
incubated in the zrowth chamber at 14-18°C and gel-diffusion
serologzy was done on 6 or 12 plants of each treatment 18 days
from sapeinoculation,

Systemic salt-mosaic symptoms developed on young leaves
of the smaller test plants 9 days from sap=inoculation,
followed by vein-net and slight downward cupping of young
leaves and latexr by chlorosis and ecrinkling of the leaf
marging of 3-4 subsequent leaves that remained distinct
until the eighteenth day. Symptoms on the bigger test plants
appeared 14-16 days from sap-inoculation and were characterized
by mild wveinenet and, lator, chlorosis starting at the base
of young leaves, A few plants showed a charactecristic
bending cof the systemically infected shoot,

There was no difference between the density of precipi-
tation lines formed by sap of the smaller and bigger test
plants in geladiffusion serology tests, However, the leaves
of the bigger plants were harder to grind and yielded much

less sap.
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{b) Lnvironmontal tempergture.~ There are many

reports, @ere Holmes (1904), that the symptoms of wmany
viral Jdiseases are masked at high environmental temperatures,
A practical soclution offered by Ross (1964) was to conduct
the experiments whea near-normal temperatures can be maine
tained and when conditions are not limiting for plant growth.
The masking effect of temperature on nettlehead was reported
by Keyworth (1941) on hops grown in warm greenhouses and on
rlants outeof-doors during hot summers, ilence, Lkeyworth
and Paine (19350) recommended that roguing for nettlehead uve
done very early in the season before the bines are trained,
The effects of winter and summer temperatures in the
greenhouse compared withh a controlled temperature in the
growth chawmber on symptom exprossion of AMV-il in
. gmaranticolor ura shown in Table 9¢ The test planis were
at G-truc-leaf stage and were inoculated with similar
inocculuwn sround with Celite from roots and shoots of infected
C. amaranticolor. No symptoms developed on plants inoculated
in June and July incubated at 13-2806 in the greenhouse,
vwhereas their ecounterparts incubated at 17-19°c in the growth
chamber developed distinect symptoms in 1l2-15 days and gave
positive reactions in gel-diffusion seroclogy. In plants
inoculated in July that gave no symptoms and serological
recactions, two out of 1lC proved to be infected when the roots
were later inoculated to C. amaranticelor plants which were
incubated in the growth chamber, Test plants incubated in
a Fisons growth cabinet at 159C and 80% R.H. developed salt-
mosalc symptoms in 10 days siwmilar to those in the growth

chamber. However, tie symptoms were soon masked, apparently



Table 9,

offect of temperature on symptom expression

of Vel in Chenopedium amaranticolor

23

. Greenhouse Growth chamber
Inoculated | Temp, Symptoms | ltate with | Tewp, i Syaptoms | late with
o | appeared . appeared
| (") (deys) | symptoms* | (“c) (days) symptoms*
3.VI. 70 19«28 No symptoms 0/15 17-18 12 15/15
13.,VII.T0 13=26 Ko symptoms 0/12 17«19 13 12/12
84X TO - - - 157 10 20/20
8.X.70 - - - 14-19 10 20/20
1.11,70 16-18 13 12/12 14=16 13 12/12
4,11,71 16~-18 13 15/15 14-16 10 15/15

*Humerator is the number of plants that developed syuptoms and the

denominator is the total number of plants sap-inoculated,

Tconducted in Fisons (Type 1200 iG) growth cabinet.
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due to the 2,000 f,e, light intensity that caused stunting

of the plants which developed thiek, lezathery and deep-

purple leaves, Nevertheless, such plants gave good serological
reactions., All the plants inoculated in February and

incubated in greenhouse or growth chamber developed very

distinet symptoms in 10-1% days.

(¢) ifiming of gel-diffusion serology.~ The test plants

used in the experiments gziven in Table 10 had syuptoms of
similar severity. They were all incubated in the growth
ciiamber kept at 13-18°C between sapeinoculation and serology
tests In all cases, only the young leaves were tested,
including the hesglthy controls of each experimoent., The
first test, 18 days after inoculation, gave 100% positive
reaction. In other routine tests, similesr results have been
obtained after 16 days with more vigorous test plants or
after 20 days, as shown in Experiment IV in Table 10. In
Experiment I, when the average temperature in the growth
chamber was 18°C, the test nlants grew faster, subsequent
leaves became symptomless and the number of plants giving

a nositive serological reaction was reduced. However, when
the averase temperature was 1506, as in LZxperiment II,
growth rate was deereased, symptom expression wes prolonged
and 50% of the plants still gave positive serological
reaction after 285 days. The virus was not detected 35 days

after inoculation.



Table 10,

Tiain, of gel-diffusion serology for

detection of AMV-H in Chenopodium amarantigcolor

Interval between

Yositive reaction

Expte No. tg:z%ig;iO?d:?:) Plants tested
I 18 6/6
22 2/6
28 1/6
11 18 12/12
02 10/12
28 6/12
35 0/12
LI 28 1/14
IV 20 15/15
v 18 20/20

25
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Transmisgion of AMVeH from hop to Chenogodium guinoa

and to hope= The results of three experiments conducted to

determine whether i. diversicaudatum transmitted AliVeH,

using C. guinoa and hop as bait plants are given in Table 11,
Rooted shootetip cuttings of healthy hop var. Bramling M
(meristem clone) # were used in Experiment I after

Dre. JeMse Thresh (personal communication) found AMV-H, for

the first time, by serology, in some of the Fuggle hop
scedlings heing used in transmission experiments, In
txperiment I {Table 1ll) when non-infective nematodes were
hand-picked, given & weeis of acquisition access feed on
rooted shoot-tip cuttings from nettlelicad-disenzed hops grown
in polythene ice-cube moulds and then transferrced to roocted
shoot-tip cuttings oi healthy Uramling M at 60 per plant

in polythene ice-cubic moulds, they infected 407 and 21} of
the s guinoa and hop plants, respectively., In Lxperiment 2,
where 'field nettlebead Xiphinema' were trausforred at 30

per plant using plastic egg cups, there was 0% and 105
transmission to C. guimgoa and Fuggle nhiop seedlings,
respectively, In Experiment iﬁ%ﬁ the firures for each test
plant and for each stage of nematode inoculum represent the
combined totals of two trials, The nematodes used, 'Slade
box Xiphinema', were given at least 17 weeks acquisition
access feed. Those used in the first trial of each test
plant were contained in plastic eggz cupsi those in the
second trial were transferred to small clay pots. The
results showed that both adults and larvee, kept separately
at 5C per plant in either egsz cups or small clay pots,

transmitted AMV-H equally., Harrison and ¥inslow (19061}



Table 11.

from hop to Chiemopocdiumm guinoa and to hop

Transmission of AMVeH by Xiphinema diversicaudatum

| Nematode % Transmigsion
Expt. Initial status Acquisition ]
No. of nematodes access (whks) Pizgt Stage . guimoa T
1 Non-infective 8 60 ADJL3,L4 4o (6/15) 21 (3/14)
2 Infective Since L1 30 AD,L3,L4 50 (10/20) 10 (2/20)
3 Non-infective 17+ 50 AD 100 (30/30) 100 (20/20)
3 Noneinfective 17+ 50 L3,L4 1cc (20/20) 10c (17/17)
Control Non-infective 0 100 AD 0 (0/20) v (0/10)
- - o - o {0/40) 0 (0/30)

*Figures in rarenthescs denote the nuster of plants infected/total nunber

inoculzted,

LG
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reported a higher percentage of transmission of AMV by
adult X. diversicaudiatum than by larvae. Similarly, Taylor
and Thomas (1968), obtained transmissions with females,
nales and juveniles,

Results of gel-diffusion scrology tests made on all the
Le amaranticolor indicator plants showing systemic symptoms
in Experiments {, i% and-igi confirmed the presence of
AMVaH, Nona of the control plants were infected. The
results of these three experiments, therefore, proved that

Xe diversicaudatum is a vector of AlV-H,

Iransuission of nettlehead digsease tc hops= Table 12

showa the results of transmission trials of nettlehead and
line~pattern discases by X. diversicaudatum. The nematodes
used, Nettlehead soil bhox Xiphinema, were sieved out after

an acguisition access feed of about a yevar, hande-picked and
transferred to hop seedlings in egg cups at various rates
(Table 13) in April, 1970« The bines were cut back in
September, 20 weeks after inoculation, and the plants placed
in a cold store for 1k xceks at 3°C (*wintor trecatmentt'),
Symptoms of nettiehead and line-pattern developed bLetween
February 10 and March 6, 1971, i.e, 4=7 weeks after the plants
were returned to the greenhovuse at 1?°C. Nine out of 40
plants (22.5/%) developed nettlehead symptoms and cne out of

4G showed line-pattern symptoms (Fige. 15)¢ In another
experiment, where virus-free X. diversicaudatum were given

3 months acquisition access feed on rooted shoot-tip cuttings
of nettlehead-affected hops, sieved out, hand=-picked and
transferred to healthy Fuggle hop seedlings grown in egg cups,
at the rate of 50 adults and larvae per plant, one out of

8 plants showed nettlehead symptoms after 7 months.
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Table 12, Transmission of nettlehead and

line~-pattern discases to hops by Xiphinema diversicaudatum*

Symptoms No. plants showing No. plants
symptoms infected with AMVeH
Nettlehead 9 9
itingepattern 1 b
None 30 22
Total 40 32

*Nomatodes raised on nettlehead-diseased hops,



Fige

15.

Fugzle hops (F,37 M)e (4) Odshti Nettlohead
transmitted by handepicked Miphineun
divorsicaudatun raised on nettleheadwaffected
hops. Loft: Healthy nlant, infested with
non-infoctive nematodes,

B) Right: Leaf asymptoms of hop linee-pattern in
scodling of Fuggle (F,37 ¥) transmitted by
handepicked X. diversicaudatum. Left: healthy.

60
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All the test plants were assayed for AMVe.H, first, by
an Infectivity test, where roots were ground with Celite
and ineculated to £+ amaranticolor 20 weeks after nematode
inoeculation and, second, by gel-diffusion seroloygy, carricd
out in January, 1971 on new growth following the winter
treatment, In both tests, AMV-H was present in the plants
showing symptoms of nettlchead, but it was not detected in
the plant with line-pattern symptoms, or in another serology
test done 2 weeks later, Iliowewer, its presence was confirmed
in two subsequent infecetivity tests by rubbing young leaves
showing line-pattern on to C. gmgrantigcolor plants which
became infected with AMV-H (confirmed seroclogically},
indicating that infectivity test is more sensitive than
gele-diffusion serology. Of the 30 plants that iremnained
symptomless, 22 were infected with AMVeH and 8 plants were
not infected,

Necrotie ringspot virus (NRSV) was abszent from all
the test plants that szhowed nettlehead or line-pattern
symptoms when assayed on cucumber, indicating that the
nematodes did not tranamit this virus, which was present
in the infector plantse. Also, NSV was not implicated in

nettlehead as line-pattern disease.

uffect of number of X d%varsicaudatum on the transmission

of AMVell! and nettlehead disease.~ Jha and Posnette (1961)
showed that one adult X. diversicaudatum could transmit the
type strain of arabis mosaic virus (AMVeT) and that approxi-
mately one-third of the nematode population, fed on strawberry
infocted with arabis mosaic, infected petunia test plantse.

Table 13 shows the effect of number of Z. diversicaudatum on
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the transmission of AMVeH and nettlehead using
C. amaranticolor, C. guinoca and hop as test plants. The
‘s>lade box Xiphinema' used for these tests were s=ieved out,
hand-picked in lots of 1, 5, 10, 25, 50 and 1U0 and trans-
ferred to the test plants in egg cups containing 2:1 steamed
spilesand mixture. The nematodes used at rates 1, 5 and 10
per plant, inecluding those in the non-infective controls,
were adults only; those used at the other rates consisted
of 50% adults and 50% larvae (L3, L&), After 3 weeks of
transmission sccess feed, the test plants were transferred
to pots of steamed scil to allow further root growth and
virus multiplication, for 5 weeks cach for C. amarantiecolor
or C. guinca, and 17 weeks for hop, before the roots were
assaved on C. amaranticolor indicators, 7The virus in
systemically~infected indicators was confirmed by gelediffusion
serology.

Two out of 8 of the C. guinoa test plants inoculated
with one adult nematode each were infected with AMV-H, No

transmission occurrcd on either C. amaranticolor or hop

inoculated with one nematcde, At 5 nematodes per plant,
transmission of AMVeH was obtitained in all three species of
test plants, with 12,5% infection of (. amaranticolor, 50/
of C. guinoa and 62.5% of hop; transfers at the sane rate
zave 12,54 transmission of nettlehead. The low transmission
rate of AMV«i to . amaranticolor was possibly due to poor
growth of the test plants resulting frow inadeguate lighting
in the greenhouse during the test in becember to January
rather than to inherent resistance., Transmission of either

AVl or nettlehead at 25 nematodes per plant was aboutl as
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Effect of number of XiEhinema diversicgudatum

on the transmission of AMVeH and nettlehead

Test plant infected out of &

Nematodes

per plant Chenopodium Chenopodium Hwoulus lupulus
amaranticolor guinoa AW-I | Nettlehead

1 G 2 O O

5 L 4 5 1

10 2 Not done 6 1

25 3 4 8 3

50 2 3 7 3

100 2 o 7 i

0 0 O 0 0

100
Non=infective O G ¢ o
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high as at either 50 or 100 nematodes per plant., All the

control plants remained healthy in the three experiments,

Interval between nematode inoculation of virus and

detection in youngest leaves.- An important feature of the

spread of nettlehead in the field, pointed out by Feyworth
and Paine (195G), was that hop plants do not usaally show
symntoms until the year after infection. In order {to counter=-
act the effects of this time«lag factor on roguing, Keyworth
and Davies (1946) recommended removal of the neighbours of
diseased planta, as well as those obviously infected,

To deterinine how soon AMVil, transmitted by
X+ diversicaudatum to young hop seedlings and three species
of Chenopodinceae, would rnove to and be detectable in young
leaves, infectivity tests to C. amaramticolor or serology
tests were made at intervals (Table 1%}, Growth was
stimulated by repotting the test plants in steamed compost
and periodic pruninge In the first test on C. guinoa, AMVeH
was not detected in eithor serology or leaf infectivity
tegts made at ¢, 11, 15 and 19 weeks after nematode inocula-
tion., In the second test, however, infection was detected
15 weeks after gﬁgﬁ%ﬁggulation, presumably due to the colder
temperature in December, in contrast to the summer temporatures
during the first test, The virus was detected in the lcaves

of Co album and Atriplex patule by infectivity tests done

16 weeks after nematode inoculation., In Test 1 on hop, AMVeil
was not detected in gel-diffusion serology carried out 21
weel:s after nematode inoculationy positive rcaction was
obtained in all test plants after 40 weeks when serology was

conducted on new growths after chriiling in a cold room. In



iable 1110

65

Interval between inoculation with

Aiphinema diversicaudatus and detection of AMVeH

in youngest leaves

BHast apeciss ;:2::;2::‘1 ‘?ﬁiifiﬁla?ixfft Infection
(1970) N N rate

Chenopodium guinoa

Test 1 Jan, 1 19 22 8/10

Test 2 Septe. & 10 15 8/15
Chenopodium album Auge 25 g 16 5/6
Atriplex patula Aug. 25 9 16 4/6
fiurnalus lupulus

Test 1 April 21* 21 &0 20/20

Test 2 sept. 217 22 27 5/6

sChilled in cold store for 14 weeks.

TVegetative growth

maintained in heated greenhouse,
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Test 2, however, where growth of the hops was maintained
throughout the winter under artificial light in the greon-
liouse, the virus was detected serolegically in the youngest
leaves 27 weeks after nematode inoculation, indicating that
a period of dormancy or chilling is not essential for virus
movement from the roots to the aerial parts. These results
agree with the findings of Fulton (1941) who showed that the
upward movement of virus from inoculated roots was very slow
and resiricted in contrast to the relatively rapid rate of

Jdownward movement from inoculated leaves,

ITranspission of AMVel da and to virus indicators.=-

The ability of vector nematodes to survive lonz periods
without food and their polyphagous nature not only ensure
their survival in soils but also the perpetuation and spread
of the viruscs they transmit (larrison, 1964; Murant, 1o7¢).
Legg (1964) sapeinoculated 20 herbaceous species of virus
indicators and weeds with extracts of nettlehead-diseased
hops, but failed to detect any virus specific to nettlehead.
Using some of the indicator plants testoed by Legg, Bock
(1566) reported C. amaranticolor and C. guinoa as apparently
the only hosts of AMVeH, which he isolated and identified
from both nettlehead-diseased and some symptomless hops,

In my attempts to find better indicators for use in nematode
troansmission oxneriments and to establish the role of weeds
on the ceology of AMV-H, I evaluated some of the plants
tested by Legzg (1964) and by Bock (1966) slong with weeds
considered by A.D.A.5. hop specialists, N, Moss and C.D, Reekie,

to be common in hop fields, This was done bhoth by manual
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inoculation and with X. diversicaudatum, using the AMV-H (S)
isolate., Virus-free seceds of weeds belonging to seven
families, viz., Caryophyllaceae, Chenopodiaceae, Compositae,
Gramineae, Unasraceae, Folygonacecae and Urticaceae, collected
at East Malling {esearch Station were used, All speciles,
excapt those with narrow leaves, such as Anthemie cotula,
Matricaria matricarioides, ioa snnua and Stellaria media,
were inoculated with san from shoeots or roots of infecected

Ce amaranticolor. Inoculation by hand-picked X. diversicaudatum
was done at the seadling stage in egg cups, containing 2:1
soilesand mixture, at 60 adults and larvae (L3, LA4) per
plant. At least three inoculation trials were made on the
test species that gave negrative transmissions (Table 15).

Table 15 shows eight now hosts of AlMVeH, viz,,

Chenopodium album, €. murale, Nicotiana clevelandii,

Atriplex patula, Senecio vulgaris, Cirsium arvense, Fragaria

vesca and Petunia hybrida; all were infectad by means of

X. diversigaudatum and six were also infected by sap=-
inoculation, Among the weeds, C. album, A, patuls and

5. yulgaris were equally susceptible to AMV«il, No infection
was obtained in repeated sap-inoculations of '« hybrida,
although it was easily infected by infective nematodes.
Virus transmission by nematodes occurred in another test in
which petunia were grown for 6 weeks in a box centaining
infective X, diversicaudatum, Thomas (1970) reported S, media,
¥, annua and li. matricorioides as hosts of the type strain
of anrabis mosaic virus, but repeated tests using AMVeH were
unsuccessful, thus providing additiomal evidence of strain

differences between AMVell and AMVeT, 7The roots of lumex



Table 15, Tranamission of

AM¥VaIl to some virus indicators

and Lo weeds common in hop flelds
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Test plants

Number infected by

Sap~inoculation, | Aiphinema,
out of & out of 12*

Chenepodium guinoa Willd,

C. amaranticolor Coste & leyn.

Ce. nurale L.

Nicotiana clevelandii Gray

Petunia hybrida Vilm.

Frogaria vesca L.

Atri x patula L.

Chenopodiun album L,
senecio vulgaris L.
Cirsium arvense (L.) scope

Anthemis cotula L.

Epilobiun adenocaulon Hausskn,

Matricaria matricaricides (Less,.) rorter

Poa annua Le

Rumex obtusifolius L,

“tellaria media (Ls) Vill,

Taraxagum officinale “eber
brtica urens L.

13

7
10

o e e & &

]
e

10

(=R <

11

Qo w
=}

+

[PPSR W R R

*Feeding in egg cups at 60 adults and larvae per plant.

+No infection after three trials.
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obtusifoliug, when sap~inoculated to C. amaranticolor,

caused severe phytotoxicity on the rubbed leaves, resulting
in scorching and eventual defoliationy the addition of
phosphate Lbuffer or polyetiylene glycol was of very little

help in reducing the damage.

iransmigsion of AMVeH through seed.- “eed transmission

of AMVel was obtained in Chenopodium glbum, C. guinoa and

Atriplex patula plants that were inoculated at the seedling

staze either with infective X. diversicaudatum or with

infective sap (Table 16). In C. glbum infected by nematodes,
the percentage of seed transmission based on 30 seedlings
per plant of 5 plants tested, ranged from 30.7% to 70%
(mean 5%4.5%). In two plants infected by sape-inoculation,
seed transmission averaged 66,7% and inoculated
L. amaranticolor indicators showed more severe systenic
symptoms, sug;esting a higher concentration of virus in the
seeds compared with the seeds of plants infeeted by nematodes.
These results approximate to the 80% seed transmission
obtained by Lister and Murant (1967} on C. album sap~
inoculated with AMV.T, Seeds harvested from C. guinoa or
As patula plants infected by nematodes gave 13.3% and 307%
infection, respectively,

In a test on voluntcer Fuggle hop seedlings collected
at first true-leaf stage {rom around hops showing bare binc
symptoms at Bomford Farm, worcestershire, on 7th May, 1969
and planted in pots of steamed scil, gelediffusion serology
gave a positive reaction on 7 out of 12 plants tested. These
results, supported Ly the absence of X. diversicaudatum in
scil samples obtained from this site, gave additional evidence

that AMV—H is transmitted through the seed of hops.



Table 15. Transmission of AMV-H through seed

of infected plants

Plant Noe* % infected seedlings (out of 30)

Chenopodium albumn

leX 533
2-K 533
box 60,0
=X 70,0
12X 36.7
1-5 76.7
6-5 567

Chenopodium gquinoa
M=X 13.3

Atriplex patula
M-X 3040

*Plants were infected by Xiphinema diversicaudatum (X)
or by sap-inoculation (8) at the first true-leaf and

at the G-leaf stage, respectively.
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Persistence of AMVeH in starved nematodes.- Studies on

the persistence of AMVeT in starved X. diversicaudatum by
Jha and Posnette (1961), Harrison and winslow (1961) and
Taylor and Thomas (1968) showed that the nematodes remaincd
infective for 30, 24 and 112 days, rospectively. The results
of an experiment, conducted from April, 1970 to February, 1971
on the persistence of AMVeH in starved X. diversicaudatum,
are shown in Table 17, The nematodes used in this study
were 'Nettlehead scil box Xiphinema'. The soil was crumbled
and mixed thoroughly by hand and all the hop roots wvere
removed before storage in a polythene bag, to prevent drying,
in an outside room exposed to summer and winter shade
temperatures., At the end of each inoculation interval, the
nematodes were sieved out, hand«picked and transferred to
€+ guinoca test plants either separately as adults (AD) or
larvae (L3, LA4) or as mixture of adults and larvae at 50
per plant, using the egg cup method, After 5 weeks of
transmission access feed, the root syatem of each bait plant
was washed free of soil and nematcdes, ground with Celite
and inoculated to C, amaranticoclor indicators. The virus
in plants showing systemic symptoms was confirmed by gele
diffusion serology.

Table 17 shows that AMVeH was retained by adult
Ae diversicaudatum, but not by larvae, for up to 36 weeks
when kept without plants. No transmission was obtained with
either adults or larvae in a subsequent test, after 44 weeks
of starvation, The percentage of transmission declined
with the lenzth of starvation period, from 90% in the initial

test to 13% after 36 weeks. The low percentage of



Table 17, iersistence of AMVl in

Xiphinema diversicsudatum in fallow soil

Starvation Stage of L+ guinoa test plants
pried | | mematele TR T
rate

o+ AD,L3,L4 9/10 500

8 AD,L3,L4 8/10 80,0
25 AD,L3,L4 3/12 25.0
29 AD 7/16 43.8
L3,L4 3/8 375

32 AD,L3,L4 3/8 375
36 AD 2/15 13.3
L3,L4 0/15 00

1 AD 0/12 040
L3,LA 0/12 0.0

*Initial test made on April 11, 1970,
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trangmission during the third test interval at 25 weeks was
probably due to poor growth of the hait plants rather than
to decreased infectivity of the nematodes, Transmission

with larvae was obtained after 27 weeks of starvation, but

the percentage was lower than with adults,

Attempted transmission of AMV-T to hops.- Attempts

were made in two separate experiments, spaced at four-month

intervals, to transmit AMVeT to hop by X. diversicaudatum.

in both tests, the infective nematodes, which had had an
acquisition access [feed of 35 months on infected fFetunia
hybrida, were sieved, hand-picked and transferred at 100
adults and larvae (1§, Lit} per Fuggle hop seedling at the
cotyledon stage, using the exgg cup and small clay pot methods
in the first and second tests, respectively. After 6 weeks
of transmission access feed, the root system of each hop

test plant was washed free of s0il and nematodes, ground with
Celite, and inoculated to L. guinoa. No infection occurred
in either experiment of 1C replicates.

The naematode inoculum in the first experiment was
re-aicved after the b-week transmission access feed, hand-
picked and transferred to petunia seedlings in egg cups at
50 per plant, After 3 weeks of transmission access feed, the
roots were washed free of soil and nematodes, ground with
Ceiite and inoculated to C. guinoa. All 10 plants weore
infected and reacted in gel=diffusion serology tests,
indicating that the nematodes were still infective with

AMYV~T,
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Although there is considerable information about the

74

ecology and virus-vector relationships of X, diversicaudatum

and the type strain of arabis mosaic virus (AMV=T) (Jha and
Fosnette, 19613 Harrison and winslow, 19613 Taylor and
Thomas, 1968), virtually none is available about the
relationships of this vector and the strain of AMV that

is present in hops (4MVeH)e. 7The ireason is apparently not
due to the lack of ceconomic importance of the problem,
because the seriousnaess of nettlehcad has been realized by
hop farmers since 1894 (Keyworth and Faine, 1350), but due
mainly to the difficulty of working with a very mild strain
of AMV, [KLvidently, temperature is the most critical factor
governing symptom expression of AnV-H in Chenopodium
amaranticolor indicators and of nettlehead discase of hop.
Thus, no symptoms of AMVeH developed in C. amaranticolor
kept in the greenhouse when the temperature fluctuated from
13-28°C from April to November, but symptoms developed
consistently when plants were grown in a controlled
temperature chamber at 14-18°., Similarly, hops infected
by handepicked X. diversicaudatum developed nettlehead or
line-pattern gsymptoms by February or March when kept in a
greenhouse at 18%c, However, when the temperature began

to fluctuate from 1?-28°C, in early April, the symptoms
were masked and test plants showing severe nettlechead

subsequently grew more vigorous, with large, normal leaves;

a similar phenomenon was reported by Keyworth (1941, and has

since been encountered by many other workers.
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Hop is not a good host for X. diversicaudatum, as
shown by low survival counts and a reproductive potential
of less than one larva per female, compared to six on
Stellaria media or on: raspberry (Taylor and Thomas, 1968}
and seven in strawberry (Flegg, Baxendale and Fopham, 1970).
However, X., diversicaudatum will feed on hop, as demonstrated
by several specimens trapped whilst feeding, with their
stylets, penetrating, in some cases, as far as the wvascular
region, Schindler (1957) was the first to establish the
production of root galls as a result of feeding by
X+ diversicaudatum, on roses and peanutj later, galls were
also observed on roots of plants infected with AMVT by
ilarrison and %Winslow (1961), Thomas (1970) and by Taylor
and Thomas (1968), In the present study, handepicked

Xe diversicaudatum caused root galis of various sizus and

shapes in several weeds and virus indicators, but not in
hops.

In studies on the vertical distribution of
Xes diversicaudatum in root observation boxes, made & months
after planting the hops, there was an apparent increase in
the number of Li&s and adultis with increasing depth,
indicating a relationship with root concentration. The

decrecase in the number of X, diversicaudatum inside the

rootefree soil cylinders, accompanied by an increase in the
number outside that were exposed to roots, which oceccurred
in samples taken 6 months after planting the hops, but not
after 3 months, indicates some degrece of attraction by the
hop roots as well as indicating the length of time that it

took the nematodes to cover the 12 ¢m distance hetween
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samples, These results approximate to the rate of spread
of Xe diversicaudatum in an uncultivated woodland asoil,
calculated by Harrison and uWinslow (1961) as 1 foot per year.
Zvidently, the rate of movement is very slow and it is
doubtful whether the nematodes that occur deeper than 40 cm
could move upwards each year to feed on rvots of more
suitable but shallow=rooted annual weed hosts, More probably,
tiie nematodes found at such depths survive on hop roots
which, during sampling studies, were found as deep as 90 cm.

The distribution of 1. diversicaudatum in a hop field
with much nettlehea«d discase was patchy and erratic; often
foewer were obtained from soil around plants showing an
advanced stage of the disease, There were more nematodes
in sites 30 em from the hop plant than at 90 cm away, either
between rows or between hills, he greatest density found
was at a depth of 1ll-30 cin and although numbers decrcased
with inereasing depth and distance, enough to cause virus
infection was still present at 79 ecwn depth and at 9C em
from the hop plant. These findings are of importance in
taking soil samples to assess the nematode population and
when applying chemicals aimed at eliminating these nematode
vectors,

In numercus tests with adults and larvae,
X+ diversicaudatum has been shown to transmit AMV-H to hop
and to L. quinoa bait plants. Using handepicked nematodes
raised on nettlehead-diseased hops, it has been established
for the first time that X, diversicaudatum can transmit
the full syndrome of nettlehead. Thus, the early suspicions

of hop growers that nettlehead persists in the soil



(Keyworth and Paine, 1950) have been proved right and the
long search for its natural vector has finally succeceded,
llowever, whether other viruses, such as one causing line~
pattern, have been transmitted by the nematodes, besides
AMVal{, must be determined by future research, Of the 40
plants inoculated in one test, 32 were infected with AMV.H.
Of these, 9 developed nettlehead symptoms, only one showed
line-«pattern symptoms and 22 remained symptomless, It is
possible that additional plants will develop nettlehead
symptoms later as the summer glasshouse tomperatures may
have masked the development of further symptoms and because
hops seldom show nettlehead until the third growing season
after exposure to field infection (Thresh and Ormerod, 1971).,
liowever, in inoculation trials with purified virus prepara-
tions from nettlehead~discased hops, it is usual for only
some of the seedlings infected with AMV-H to develop
nettlehead and for the others to remain symptomless (Thresh,
personal communication). These apparent differences in
sensitivity to infection have now been established in my
work with Xiphinema and may be due to seedling veriation,
Alternatively, AMV~H and a second virus may be responsible
plants
for nettlehead) those/inf@cted with AMVe<H or the second
virus alone showing no symptoms, This possibility was first
suggested by Legg (1961, 1964) who showed that a virus from
symptomless tarly Prolific hops which he named ‘hop latent
virus X' increased the sensitivity of Fuggle and Bramling
plants to nettlehead, inoculated by zrafting. Legg (1964)
further demonstrated that the latent virus X caused line-
pattern symptoms when grafted or sap~inoculated to American

Neomexicanus types (Humulus lupulus L. var. neomexicanus
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Nels, & Cockerell and its commercial derivatives, College
Cluster and Keyworth's Midseason, He also obtained evidence
that it was soil=horne and renamed it 'hop line-pattern
virus' (HLIV), Subsequently, however, HLPV was considered
a synonym t Bock's (1966) aMVeH (Martyn, 1968), Perhaps,
the seedlinz Fuggle plant of unknown male parentage used
in my test that showed line~pattern symptoms had Neomexicanus
genes derived from males known to be growing in the area
where the seeds were collected,

The hypothetical second virus has been desisznated 'N!Y
by Legg (1964a). 1Its nature remains uncertain but it is
definitely not necrotic ringspot virus (NiSV) as believed
by Bock (1966}, because healthy meristem and seedling hops
that developed nettlehead in the field or after inoculation
in the glasshouse, were shown to be free of NRSV when assaved
on cucumber (Anon, 1967, 1968). Further, all the plants
showing nettlehead or line-~pattern symptoms in my trans-
mission experiments were also freec of NRISV, The fact that
Xe diversicaudatum transmitted nettlchead shows that the
'N' virus component {lecsg, 196ka) is nematode-transmitted
and it may be an unidentified WEPO-virus hecause purified
concentrated preparations from some nettlehead sources now
availal:le contain only polyhedral particles when examined
with the electron microscope (Thresh, personal communication).
Ifowever, nettlehead preparations failed to react with
antiserum to raspherry ringspot virus, strawberry latent
ringspot virus, cherry leaf roll virus, tohacco ringspot
virus, tomato ringspot wvirus (Bock, 1966)., Further work is
required to elucidate this point or alternatively to show
whether nettlehead is caused by some but not all isolates of

AMV=lio
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The findlng that AMV~H is seccd~borne in hop is
important to the researcher whc must ensure that hop
seedlings intended for experiments are virus~free., To the
grower, this finding may be only of academic interecst,
since velunteer hop seedlings are usually weeded out early
in the season during farming operations. Nevertheless,
infected seedlings may still play a role, as they probably
did in the past, in the produetion of infoective
Xe diversicaudatun when they happen to zrow in boundary
hedgerows where they may live and multiply for years., While
hop is a poor host for the nematode, the hedgerow plants,
which consist primarily of hawthorn, blackthorn, bramble,
wild rose, maple and grasses, are better (Pitcher and Jha,
1961; Thomas, 1370), hence, under this situation (i.e.
hedgerows including seedlin; hops) multiplication and survival
of both virus and vector are assured. Discounting the
possibility that some of the true hedgerow plants are hosts
of AMV-H, just as some are now known to be hosts of AMVaT
(Thomas, 1970), these volunteer hops infected through seed
may explain the reported prevalence of nettlehead along the
sites of old hedgerows (Duffield, 19253 Keyworth and
Hitehcock, 19433 Keyworth and Paine, 1950),

Tables &, 15, 16 and 17, which show the host range of
Xe diversicaudatum and a¥V-H, as well as the persistence of
the virus in tlhe nematode vector, indicate how both virus
and vector may survive, multiply and spread in hop fields,
In Table ¢, where an evaluation of hop-field weeds as hosts
for X. diversicaudatum was made in 90 ml clay pots, the
differential effect of the various species on reproductive

potential was already evident after a l0-week period.
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Thomas (1970) cautioned that 15 weeks may not be sufficient
to appraise fully the nematode's reproductive capacity due
to its slow breeding rate (Flegg, 1968) and to the difficulty
of synchronizing root growth of the various test species.
In my experiments, such problems were apparcntly overcome
gatisfactorily using hand-picked, starved adult nematodes
and by timing germination of the seeds so that the degree
of root growth of each species was approximately equal when
inoculated., Under these conditions, egg-laying on a suitable
nost such as etunia hybrida was observed to be complete
in 5-6 weeks, based on counts of larvae and uterine ezgs.

The inference from my work is that X. diversicaudatum

in hop fields multiplies primarily on weeds such as

Stellaria media, Senccio yulgaris, foa annua and Sonchus

oleraceus, although the other weed species and hop may be
involved in the maintonance and survival of both vector and
virus, The practical significance of the four species of
weeds found to be hosts of AMVell, viz., Chenopodiwn album,

Atriplex patula, Senecio wvulgaris and Cirsium cisey in

thie field spread of other diseases associated with arabis
mosaic virus, needs to be assessed in future recsearch.
Nevertheless, the potential role of these weeds has already
been demonstrated by the finding that AMV-H is transmitted
through the seeds of C. album and A. patula, infected at
seedling stage with hand-picked X. diversicaudatwi, at an
average rate of 54.6% and 305, respectively. Lister and
HMurant (1967) reported 0. seed transmission of AMV-T in
manually inoculated C. album, while in seeds of S. yulgaris

collected from mature plants in the field, Taylor and Thomas
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(1968) found 2¢ seed transmission. 1In my tests on L. album
sap~inoculated with AMV.H at seedlinz stage, 1 obtained an
average sced transmission rate of 66.7%, It is not yet
known whether AMV-l is also seed-borne in 3. vulgaris or in
Co arvensej however, among the four new wced hosts Tound,
5. vulgaris proved most suitable for the nematode vector
and has seeds equipped with better means of dispersal than

either C., album or 4. patula. Although (. arvense produces

few seeds, it is perennial and, like hop, both virus and
vector can persist in or on the roots during winter fallow
or whenever other suitable hosts are not available.

In addition to the various means of survival already

discussed, AMVeH was found to persist in Ai. diversicaudatum

kept without plants for 30 weeks in adults and 29 weeks in
larvae. The mechanism of wvirus retention was suggested in
glectron microscope studies of nematodes fed on AMV-infected
hops by Taylor and Robertson (1970) to be due to specific
adsorption of the virus particles on the cuticular lining
of the oesophagus, in contrast to the transient retention
of raspberry ringspot virus and tomato black ring virus in
Longidorus elongatus, which is due to specific association
between the wvirus particles and the stylet guiding sheath
(Taylor and Robertson, 1969}, @n pgresent evidence, the
persistence of AMVeH in X. diversicaudatum is of longer
duration than that repeorted on AMV-T by Jha and Posnette
(1961) (30 days) or by Taylor and Thomas (1968) (112 days)
or even that of grapevine fanleaf virus in X. index by
Raski and Hewitt (1963) (4 months). However, they are

consistent with the findings of Harrison and Winslow (1961),

that populations of N. diversicaudatum remained infective
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with AMV-T for 8 months when cultured in soil containing
Malling Jewel raspberry plants imsmune to infection,

Although sap-inoculation failed, AMVeH was successfully

transmitted to Fragorias vesca and Petunia hybrida by
Xe diversicaudatum. However, repeated attempts to infect
other known hosts of AMV~T, viz., 5. media, F. annua,

Taraxacum officinale and Matricaria matricarioides {Taylor

and Thomas, 196{) failed, as did two attempts to transmit
AMV~T to hops These differences in host range, symptomatology
and serological reactions confirm the basic strain
differences between AMV-T and AMVell firast shown by Bock
(1966,

Apparently, the current commercial hop cultivars were
bred and classified mainly on the bases of sensitivity to

wilt (Verticillium albo-atrum) and the aphide-transmitted hop

mosaic and lately on alpha acid content., Since AMV.H is
common to bare bine, split leaf blotch and nettlehead
digseascs, all widespread throughout hopegrowing areas in
England, it might be well to give emphasis to breeding for
resistance and/or tolerance to this virus and its vector,
Xe diversicaudatum. Total elimination of virus reservoirs
is not feasible or practicable as an approach to control
congidering the extent of distribution of AMV-H, but it is
possible to minimize the spread and multiplication of the
virus and, henca, loss by {(a) planting AMVefree stocks

(*A plus'), particularly in new sites, and (b} efficient
control of weeds, many of which have been shown to be more

suitable hosts for the vector and in some of which the virus

is seed-bhorne, In arcas where the vector is absent but the
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diseases are present due to inadvertent planting of infected
stocks, future problems could be averted by roguing the
discased plants and replanting them with healthy stock.

The use of soil fumigants to eliminate X. diversicaudatum

in old infested sites seems promising, but whether it

would be effective and economical in the lonz term,
considering the heavy soil types on which most hops are
grown and the depth (90 em) at which the vector can still
occur, remains to be established, Nevertheless, Pitcher

and McNamara (1971) and Thresh and Ormerod (1971) have shown,
in current trials at licadecorn and at Horsmonden in Hent

and at RNosemaund Lxerimental ijusbandry Farm, Herefordshire,
that autumn application of a mixture of dichloropropene and
dichloropropane (DD) at 50-75 gal./ac. gave good control

of the nematodes and halved tlie incidence of virus diseases

due to AMV-H,



PART IX

TRANSMISSION OF RASPBERRY RINGSIOT VIRUS AND ARARIS M(OSAIC

VIRUS BY LONGIDRORUS CAESPITICOLA HOOPER, LONGIDORUS

LEPTOCEPHALUS HOOPER AND XIPHINEMA DIVERSICAUDATUM (MICOL,.)

INTRODUCTION
Three srocies of longidorus, viz., L. elongatus,
L« macrosoma and L. attenuatus, are now well known as vectors
of the '"“nglish' and 'Scottish' strains of raspberry ringspot
and tomato black ring viruses (Harrison, 1962, 1964; Tavlor,
1962, Harrison, Mowat and Taylor, 1961). However, the

related species, L. canespiticola and L. leptocephalus, have

never been implicated as vectors. They were first described
by Hooper (1961) in soil samples from strawberry, blackberry,
cherry and rassliand, Attempts to transmit tomato bl=ck
rinz virus with either nomatode failed in spite of their
occurrence in larze densities in the so0il (Van llocof, 1966).
Although NEDPQO-viruses often share common host nlants,
nematode transmission appears to be characterized by marked
specificity. Thus, Dias and Harrison (1963) failed to

transmit, with Xiphinema diversicaudatum, srapevine fanleaf

virus and grapevine yellow mosaic virus, both of which are
serotypes of arabis mosaic virus transmitted by Xiphinema
index. However, Sauer (1966) succeeded in transmitting two
gerologically distinguishable strains of tobacco ringspot
virus simul tancously with single specimens of X. americgnum.
The same vector species also transmitted both the type strain
and the serologically distinet grapevine yellow vein strain

of tomato ringspot virus (Teliz, Grogan and Lownsbery, 1966).
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More recently, Taylor and Murant (196%) successfully
transmitted English strains of raspberry ringspot virus
(RRV.E) and tomato blaek ring virus (TBRV-E) with

L. elongatus in addition to the Scottish strains of bLoth
viruses with which the nematode is normally associated.
Five other isolates of both viruses, including a Dutch
isolate of RRV and a German isolate of TLRV, were also
transmitted,

The ability to transmit two serologically unrelated
NEPU-viruses by one nematode species was demonstrated Ly
Lister (1966) using arabis mosaic virus and strawberry
latent ringspot virus and X. diversicaudatum. Taylor (1967)
obtained simultanecus transmission of &RV and TBRV with
L. elongatus to Stellaria media, but not to Fragaria vesca,
Brassica rapa var. White Globe and Lolium percnne.

Fritzsche and Kegler (1967) reported 5-10% transmission of
an isolate of RV from sweet cherry infected with Pfeffinger
diseasoc by Xe. divorsicaudatum, in contrast to 60=80% transe
mission of a similar isolate by L. macrosoma. The
experiments described here roport (1) transmission of RIVeE
by L. cagspiticola and L. leptoceplialus and their depth
distribution in a hop soil, (2) transmission of RRV-E by

Se diversicaudatum and persistence of the virus in the

vector, and (3) simultaneous transmission of ilRVeE and

AMV-T by Xe. diversicaudatum and L. gaespiticola.



86

MATERIALS AND METHODS

Viruses.- (1) Raspberry ringspot virus, ‘'English’
strain (RRVeE) - stoek culture originally isolated from
blackberry var. Himalaya Giant, kindly supplied by
Pre CoEs Taylor, Scottish Horticultural iesearch Institute,
(2) Arabis mosaic virus, (\MV-T) « isolated from strawberry,
kindly supplied by Mr. F.J. Ormerod, Tast Malling Research

Station., Both viruses were maintained in Petunia hybrida

Vilm .

Nematodes and virus transmission.- L. caespiticola
and L. leptocephalus were obtained from around roots of
hops in a field at Horsmonden, Kent, where their distribution
in the s30il was studied by the methods described in rart I;
Xe diversicaudatum was obtained mainly from woodland soil
at High Halstow, khent, and some from the lorsmonden hop
s0il, Extraction of thie nenmatodes was done using llegg's
dish technique (Flezg, 1907, Tests with representative
hand-picked nematodes of each species lnoculated to healthy
petunia bait plants showed tiat they were non-infective,
Infective nematodes carrying either or both viruses were
raised on petunia grown in a 2:1 steamed scil-~sand mixture
in 20 ml clay pots with drain hole plugged with plaster of

Paris. This was done by traansferring the nematocdes,

)

collected after 2% hours extraction time for tihe siuggish
Longidorus spp. or overnight for Xiphinema, in bulk to the
petunia infector plants. After about 2 weeks, when the
plants had become fully established, the two youngest leaves

were sap-inoculated with each virus; in this way, the

initial effect is minimized particularly with plants infected



with ARVelL, and the time before which scvere systeumic
symptoms oe¢cur was extended, thereby vnabling the nematode
to feed longer on infected, but still unrotted, roots, A
typical source plant used for rearing infective nematodes
is shown in Fig. l. 1In the case of the mixture of both
viruses, the source plants were inoculated with ithV-L one
weelr earlier than with AMVT, in an attempt to crecate equal
deyree of infectivity with both viruses, particularly in

Ae diversicaudatum, where preliminary results sihowed that
AMVeT was more readily transmitted, after 5 weeks of

acquisition access feed, the nematodes were re-extracted,
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handepicked and transterred to healthy petunia tesat seedlings

in egz cups at tie rate of 50 adults or larvae (L3, L&)
per plant. All test plants were placed in a 'gravel-tray
moist chamber' (described in the Appendix) and kept in the
growth chamber at 14-18°C, The roots of the source plants
were assayed on Chenopodium guinoa willde., on whicihh gel=

diffusion serology was done later, to confirm the presence

of the virus, After 3-4 weeks, the roots of the test plants

were washed free of soil and nematodes, ground with Celite
and inoculated to C. guinoca or . hybrida indicators. The
identity of the virus in systemically-infected plants was

confirmed by gel-diffusion serology, using a 1:40 dilution

of antiserum to RRVeS or AMVeT,

Persistence of MV in starved X, diversicaudatag.-

In view of tho unusually high rate of transmission, a test
on the persistence of the wvirus in the nematode was made
in an attempt to obitain some indication of the mechonism

of virus retention., Infective nematodes were produced on
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P+ hybrida grown in small clay pots. After 6 weeks of
access feed, the source plants were cut below ground level
to starve the nematodes; a check on these plants showed
that practically all the roots were rotted after one week,
The pots were embedded to the brim in moist sand and the
soil in the pot was kept moist throughout the duration of
the test., At eacir test interval, the nematodes were sieved,
hand-picked and transferred to healthy petunia seedlings

in egg cups. After a further 5 weeks the roots were washed
free of soil and nematodes, ground with Celite and inoculated
to L. quinoa. Controls consisted of (a) roots of healthy
petunia and (b) petunia inoculated with infective, unstarved

nematodes,
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RESULTS

Vertical and horizontal distribution of L. Eaesniﬁaaoﬁa
and L, lentoceghglas in hop soil.~ W8 shown in Tables 1 and

2y Lo caespiticola was found at all sampling depths from

11-79 cm. However, pealk populations, which were remarkably
uniform at all three distances (0, 45, 90 cm) from the hop
plant, occurred from 20«34 cm deep, where 36.7/% of the total
were gituated.s The 2,5:1 ratio of larvae to females was
gimilar at all depths, Dased on the total population in

180 samples taken at the various depths and distances,

therc were 9,6/ more females than males; and 7.9% L1 and
416,70 LA in September, when the samples were takens In
relation to distance from the hop plant, most of the nematodes
occurred at %45 cm (3%544)), compared with 35,5% and 25.1%

at G ¢cm and 90 em, respectively,

Le leptogephalus, witlhhi a population density half that
of L. gacspiticola, was aulso found at 11«79 cm deep., The
highest number occurred at 56=-64 cm depth, mainly because
of an abnormally high count in ono replicate (Table 3).

The nematodes werc most dense at the 90 em distance (52.1%),
compared with 22.4) and 25.5% at 0 cm and 45 cm from the

hop plants No males were encountered during the Zeptember
sampling, but a few were found when the same area was
sampled in December. The average ratio of larvae to f{emales
was le8:11l; 300 of the females were found at 11-19 cm depth,
nevertheless, this gave the lowest ratioc of females to
larvae, suggesting that a high mortality occurred due to

more severe environmental fluctuations.



Table 1,

Vertical and horizontal distribution of

Longidorus caespiticeola in soil under hop plants

(Horsmenden, hent, Sepntember, 1969)*

Depth

Distance from hop (cm)

(cm) Totals
0 45 90

11-19 4 6 4 14

2634 10 12 11 33

56ebl 6 4 1 11

7ie79 4 1 1 6

Totals 31 34 22

*Meam of 12

x 200 ml samples in 6 replicates,
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Table 2. FPopulation structure (%) of Longidorus cnespiticola
in relation to depth in hop soil
(Horsmonden, XKent, September, 1969)*
3
Depth Growth stage |
(em) < 9 L1 La L3 Lk Totals
11=-19 13 Selt 1.2 Ok 0.2 Gel 16,6
26-34 4.6 8.9 204 048 O¢7 19.3 3647
41.49 4.4 5.8 3ok Ce? 1.7 10.4 26.4
56«04 2.7 2.6 0«6 O3 13 567 13.5
71=79 1,8 le?7 Ue0 Ua0 Oul S5ed 6.8
Totals 14,8 24,4 79 2.2 h,0 16,7 100
*Based on total counts in 180 x 200 ml samples taken at

0, 45 and 90 cm diastances from hop plant.
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labkle 3, Vertical and horizontal distribution of

Longidorus leptogephalue in soil under hop plants

(Horsmonden, Kent, September, 19(9)+*

Distance from hop (em)

Depth Totals * al Rotal

(cm) ¢ 45 90 population
11-19 1 2 b v 2045
26-34 3 3 3 9 2545
h1-k9 3 ] 2 7 2045
56-64 1 2 g 11 29.6
71‘79 O G 1 1 3.9

Totals 8 9 1% 100

*yMean of 12 x 200 ml samples in 6 replicates,

Toased on total counts in 180 x 200 ml samples,



94

Symptoms of feeding by L. caesgiticola and L. ltgtoceghalus

Fetunia hybrida, foa annua, Stellaria media, Senecio vuliaris

and Fragaria vesca, grown in a steamed scil-sand mixture in
20 ml clay pots, were infested with hand-picked L. caespiticola
to determine whether it produced root galls. Only P. hybrida
was infested with L. leptocephalus. Aifter an access feed

of 5 weeks, the roots were washed carefully, stained in acid
fuchsin-lactophenol (Goodey, 1963) and galled portions of

the roots were selected under the binocular mieroscope and
photographed in clear lactophenol solution contained in a

solid wateh glass (Fig. 2). Root galls induced by

L. leptocephalus on i’e hybrida were smaller than those caused
by L. caespiticola. Omn Y. annua, the galls produced by

L. caespiticola were similar to those produced by L. elongatus
(Thomas, 1969), but on 5. media, Ps hybrida and 3. yulgzaris,
the root galls formed by X. diversicaudatum were bigger and

differently shaped (3ee Part I).

Transmission of RRV«i. by L. caespiticolu.- Four separate

experiments were made using I, hybrida as test plant and, in
all, the nematode inoculum consisted of a mixture of adults
and larvae. In Lxperiment 1, bhait plants grown in ice-cube
moulds were each infested with 40 nematodes and in Experiments
2«4 they were grown in egg cups and infested with 30 per
plant. Table 4 shows that 80, transmissions were cbtained

in each of two tests; however, in BExperiments 2 and 3 the
transmission rates were low; this may have been due to the
poor growth of the bait plants. Typical symptoms of infected
plants from Experiment 4 are shown in Fig. 3. Transmission

to F. yesca, Pe annua and 3. media were also obtained. All
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Galls caused by Longidorus caespiticola on roots
of (A) Petunia

hybrida, (B) Senecio wvulraris,
(C) Poa annua, (D) Stellaria media, (L)
Fragaria vescae




Table 4, Transmission of RRV«L by Longidorus csespiticola

Test plants iransmission rate*

Petunia hybrida Vilm,

Expt. 1 8/1¢0
Expt. 2 2/10
Expte 3 3/10
Expt. & 8/10
Control (no virus, no nematodes) o/38t
Control (ne virus, with nematodes) o/10
Fragaria vesca L, 3/10
Poa annua L. 4/8
Stellaria media (L.) Vill, 8/9

*Numerator is the number infected, denominator is the
number of plants exposed to infection,

TCombined totals of four experiments,
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were inoculated in small clay pota, using amall rooted
propagules of F, vesca or Ad~leaf stare seedlings of the weeds,
at 30 adults and larvae per plant. The roots of F. vasca
were ground in phosphate buffer (1:5 w/v) to counteract

virus inhibitors when inoculated to petunia (Jha, 1961).

All the uninoculated control plants provided in each test

remained healthy.

Effect of numbers of L, gg:szitiioéa on the transmission

Oof RilVel e~ Table 5 shows 754 and 100% transmisgsion at 15
and 30 nematodes per plant, respectively, but none occurred
at one and 5 per plant. Apparently, no tests on the minimum
number reguired to achieve transmission among previously
known vector species of Longidorug have been published,
ilowever, UDebrot (1904) obtained transmissions in 4 out of

6 plants inoculated with L. macrosoma at the rate of 20 per
plant, BSimilarly, Fritzsche (1968) reported 48% and 75
transmission of Irespenmosaik virus by adult L. macrosoma

at 20 and 50 nematodes per plant, respectively.

Transmission of RV-E by L. leggoceghalus.~ Three

transmission experiments, done in a similar manner as those

with Le caespiticola, were conducted to determine whether
Les leptocephalus could transmit RitV-L, In the first two
tests, each with { plants and performed concurrently with
Experiments 1 and 2 on L. gaespiticola, the nematodes were
transferred at 25 adults and larvae per plant; the results
of both were negative, In Experiment 3, however, where %0
nematodes per plant were used, transmission occurred to 5
cut of the 10 plants inoculated. The virus in the infected

plants was checked by gel-diffusion serology.
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Table 5. iffect of number of Longidorus gaespiticola

on the transmission of Ve

Petunin bait plants

Ne 4 :
Nematodes per plant thiecetod aad of 8

1 O
5 O
15 0
30 o]
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Transmission of RRV-E by X. diversicaudatug.- In

experiment 1, the drastic effect of virus infection reduced

root growth, and when the nematodes were re-extracted and
transferred to petunia at 6C per plant, only 16.2% were
infected (Table 6), However, similar infective nematodes
transferred at 50 per plant infected 70% and 80X af the
test plants in Lxperiments 2 and 3, respectively., Adults
gave 60% transmission and larvae alone (L3, L4) gave 100%
transmission. The identity of the virus was confirmed in
all infected plants by gel=diffusion serology. The roots
of the C. guinoca indicators in Experiment 2 were ground
with Celite and inoculated to £. hybrida and C. amaranticolor;
typical systemic symptoms were produced in the former and
characteristic local lesions were formed in the latter,
thus confirming the results olitained from serclogy tests

of the leaves.

irersistence of RRV=L in starved_éﬁ_gégaggéﬁiuﬂ.ﬁug.*

All plants were infected by either adults or larvae at 350

per plant 16 and 26 days after cutting the tops of the
scurce plants (Table 7). No transmission occurred after
4¢ and 51 days, indicating limited persistence of the virus

in starved X. diversicaudatum. The control plants inoculated

with roots of healthy petunia remained healthy while those
infested with infective unstarved nematodes were all
infected. The roots of the petunia infector plants were

completely rotted within 16 days.

Simultaneous transmission of RRV-E and AMV-T by
Xe diversicaudatum and L. caespiticola.- In three experiments

with X. diversicaudatum and in one experiment with
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Table 6, Transmission of RRV-E by Xiphinema diversicaudatum

Lxpt,. : Fomatade Transmission %
No. pi:;t Stage rate*

1 60 AD,L3,L% 2/11 18.2
2 50 AD,L3,L4 7/10 7040
3 50 AD,L3,L4 12/15 80,0
3 50 AD 6/10 60,0
3 50 L3,LA4 8/8 100,0

Control 100 AD,L3,L4 0/10 0.0
" o - a/307 0.0

*Numerator is the number of Petunia hybrida bait plants

infected, denominator is the number of plants inoculated.

TCombined totals of three experiments,
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Table 7. Persistence of RRVeir in starved

Xiphinema diversicaudatum

Starvation P, hybrida bait plants
N de b
period {(days) Sratadel BEaige infected out of 8*

16 AD 8
16 L3,L4 8

0 AD,L3,L4 3
26 AD 8
26 L3,L4 8
ko AD o
Lo L3,L4 0
51 AD 0
51 L3,L4 0

0] AD,L3,L4 8

*All uninoculated check plants during each test interval

remained healthy.
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L. caespiticola, simultaneous acguisition and transmission
of iiV-i and AMV=T were obtained (Table 8)., All 48 petunia
test plants Lecame infected with AMV-T and 14,6 with RRVaE
after infestation by X, diversicaudatum, indicating that
thie former was more readily transmitted than the latter,

In the case of L. caespiticola, however, RRVeE and AMVaT
were transmitted te 6 and 5 out of & test plants, respectively.
In Experiments 1 and 2, RRVeE was not detected in serology
tests of C. guinoa indicators in spite of apparently
characteristic lesions, Further, 70" of the control plants
inoculated with RRV-E alone were infected, suggesting that
either the transmission or multiplication of RRVeL was
reduced by the simultaneous presence of AMV-T, However,
when the rcots of the test plants in Lxperiment 1, left
after serology, were ground with Celite and inoculated to
Po hybrida, 2 out of 8 plants developed symptoms of RAV-L,
but only after about 3 weeks when the symptoms of AMNVAT
became masked; gelediffusion serolozy done on these 2 plants
gave positive reactions to both viruses, In Experiment 3,
where the ability of adults (AD) or larvae (L3, L&) of

X. diversicaudatum to transmit both viruses was tested,

10% and 20% of the test plants were infected with RKRV-D

by adults and larvae, respectively; both adults or larvae

infected all the test plants with AMV-T,
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Table 8, Simultaneous transmission of RRVeE and AMVeT by
Xiphinema diversicaudatwn (Xd)
and Longidorus caespiticola (Lc)
Expt. VcctorT No. per peiﬁﬁizm;:itoglzgts‘ fi?d::::gig
i plant — | bait plants
RRVeE AMVaT
1 Xd 50 0/10 10/10 C. guinoa
1Y x4 50 7/10 - €+ gquinoa
1*  xd 50 - 10/1¢ Ce quinoa
2 Xd 50 3/10 10/10 P. hybrida
2 Xd 50 0/8 8/8 €. guinoa
2 - 0 0/10 0/10 P. hybrida
3 Xd (AD) 50 1/10 10/10 Pe. bybrida
3 Xd (L3,L&) 50 2/10 16/10 P. hybrida
3 - 6] 0/10 0/10 Ps hybrida
4 Le 25 6/8 5/8 Lo guinoa
4 - 0 0/8 0/8 C.

guinoa

TExcept Lxperiment 3, inoculum consisted of adults (AD) and

3rd and th stage larvae (L3, Li4).

*Numerator is the numbor tested, denominator is the total

number tested,

+Control:

AMV=T only.

infective nematodes carrying either RIV-L or
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DISCUSSION

In 180 soil samples from a hop field, L. caespiticola

and L. leptocephalus comprised 36.5% and 15%, respectively,

of the total population of plant parasitic nematodes, in

contrast to 48.5% of X, diversicaudatum. FPeak populations

of X, diversicaudatum occurred at 11~19 cm depth and alonge
side the hop; L. caespiticola at 26~3% em depth at the

45 em distance and L. leptocephalus at 20~3%4 ecm depth at

the 9C em distance, These resulis show some similarities
with the depth distribution of L. elonzatus (Taylor, 1467)
and of L. macrosoma (Fritzsche, 19038) where peal populations

occurred at U-«30 em and 1l0=30 cm, respectively.

l.aboratory experiments have estahlished, for the first

time, that L. caespiticola and L. leptocephalus can transmit
RRVeE, L. caespiticola appears to be the more efficient
vector, as shown by transnission rates as high as 75 at

15 nematodes per plant, compared with 50% transmissaion

with L. leptocephalus at 40 per plant. The potential of

Le caespiticola as a vector was demonstrated in transmission
tests on F, vesca, 5. media, I« annua and 3. vulgaris, all
ecstablished hosts of L. elongatus and RV (Taylor, 1967;
Thomas, 1969), It is likely that L. caespiticola and

Le leptocephalus also play a role in the dissemination of

RV throuzh infected seed of their host plants as in S. media
(Lister and Murant, 1667}, Thomas and Taylor (1970) reported

tihat L. leptocephalus occurred in 4 of 322 soil samples

collected in Scotland, in contrast to 60} occurrence of
Le elongatus; this may explain why the virus-vector

potential of the former has not been noticed earlier. It
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is now well known that Xiphinewa und Longidorus spp.

induce galling of plant roota., Also, there is evidence
that galls formed by these two genera, in some plant species,
possess characteristic sizes and shapes. [Possibly this
fecature could be used for detecting them in the soil,

The results obtained on the transmission of KtV
by X. diversicaudatum corroborate those of Fritzsche and
Kegler (1967). However, the 5=10% transmission given in
their paper contrasts with the higher rate in my tests,
This may have been because different strains of viruses
were used or because of the method of handling and
inoculation. RitV-L has a persistent debilitating effect
on Y. hybrida, rendering subsequent leaves completely
chlorotic, and highly infective nematodes were obtained
Ly means of the small receptacle teclmique, wherein the
nematodes were introduced first, followed by the virus,
A reverse of this inoculation procedure, as in Experiment 1,
or rearing them on P« hybrida planted in large volume of
soil gave little or no transmission in three early trials.
stellarig media may be more suitable for rearing infedtiva
nematodes bhecause its growth is unaffected by RRV-E and
it is & better host for X. diveirsicaudatum.

RRV-L persisted in starved X. diversicaudatum for at
least 26 days, compared with at least 42 days {(Taylor,
1962) in L. glongatus. Taylor and Robertson (1909) showed
that particles of RRV in L, slongaotus are retained by
specific association with the stylet guiding sheath whereas,
when fed on plants infected with AMV only, particles have

keen found only in the cuticular lining of the buccal capsule,
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The location of RRV in X. diversicaudatum remains to be

established. Nonetheless, under field conditions,
se Giversicaudatws way be capable of spreading RRV-E,

It has also heen shown in this study that both
&e diversicaudatum and L. caespiticola can acquire and
transmit RRVe.E and AkMVT, sirmltaneously, between petunia
test plants, The results in Table 8 show that, in a mixed
population, AMVeT was transmiited sore recadily than RRVeE
by X. diversicaudatum. These confirm the results obtained
in two preliminary experiments in which a culture of RRVaE
on which X. diversicaudatum were being reared was inadvertently
contaminated with AMV-T, Similarly, DBDawden and fassanis
(1945) reported that simultaneous infection of a plant with
two stylet=borne viruses can affect the concentratioen of
one or both within the plant and that this 1is reflected in
the level of transmission by aphids, This phenomenon was
demonstrated in my results in GSxperiment 1 (Table 8) where
100X transmission of AMV-T occurred, but RiiV-E was not
detected serolozically; however, in the controls, RRV-E
alone and AMVeT alone gave 70x and 100k transmissions,
respectively, Apparently, in mixed infection of petunia,
the rate of multiplication of HRVeE is suppressed by AMVT,
hence, when gel~diffusion serology was done & days after
inoculation in Experiment 1, only AMV-T was detected.,
However, when the roots of the indicator C. guinoa plants
were inoculated to petunia, symptoms of RRVeLE developed in
two plants out of 8, 3 weeks after inoculation, when the
symptoms of AMVeT became masked, indicating that a

differential rate in virus multiplication existe and also
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pointing to the value of using an appropriate indicator

to detect virus transmission, The importance of a suitable

indicator in detecting simul taneous transmission of two

viruses by one nematode species was also shown by Taylor

(1967) on RAV and TBRV by L. elongatus in Stellaria modia.
Un the one occasion on which it was tested, both

RRVeE and Al'V<T were transmitted from a mixed infection

with almost equal efficiency by L. gaespiticola.
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AFPENDIX

A MICRO=-CONTAINER TECHNIQUE FOR STUDYING VIKUS
TRANSMISSION BY NEMATODES
INTROLUCTION

Since Hewitt, Raski and Goheen (1958) first showad

Xiphinema index to be the vector of g¢rapevine fanleaf virus,

various workers devised different techniques in atterpts to
establish the role of nematodes as vectors of plant viruses.
These methods, sumnarized by Haski and Hewitt (1963), range
from growing healthy plants in field socil collected from
around roots of diseased plants to inoculating hand-picked
nematodes to bait plants in pots of asterilized soil; virus
transmission beingz assayed later by inoculation of root sap
to indicators, Jha and l'osnette (1961} used l-inch diameteor
glass specimen tubes containing lie-mesh autoclaved sand for
grovwing petunia seedlings and studying the effect of duration
of test feed by i. diversicaudatwn in transmitting arabis
mosaic virus, In 1907, fritzsche critically examined the
earlier methods and reported an 'improved standard technique!
inveolving the inoculation of hand~picked nematodes in

4 x 4 em 'solid watch glass' or glass block, containing

Just enough sterilized ac¢il to cover the roots of 3-4 em

tall petunia test plants. I‘lanted blocks were placed in a
large Petri dish moist chamber, until the roots were ground
and inoculated to indicatoer planta. ‘This method proved

unsuitaivle when adapted in attempts to transmit the hop
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strain oi arabis mosaic virus (AMV-H) using Chenoiodium
gquinca and hop. This appendix describes a modified version
of this method, herein referred to as 'micro-container
techinigue', and gives the results obtained in investigating
transmission of the type strain of arabis wmosaic virus

(AMV=-T) by Xiphinema diversicaudgtum (Micol.).
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MATERIALS AND METHODS

The solid watch glass (5 ml capacity) was used as the
standard for comparing nolythene ice-cube moulds (10 ml),
plastic ezg cups (20 ml) and small clay pots (20 ml), The
drainage hole in each clay pot was plugzed with plaster of
Paris so that the nematodes could not escape. Infective

X. diversicaudatum raised for 6 weeks on petunia that had

heen sap-incculated with AMV-T were sieved out using the
technique of Flegg (1967). The petunia bait plants used
were first established for about 2 weeks by transplanting
them singly at the 3=lL-leaf stage, either in ice-cube moulds
with amall drain holes or in small clay pots containing finely
sieved, steamed rotting compost, Vvhen ready for inoeculation,
the so0il was removed carefully and the root system washed
zently in a dish of water so as not to damaze the roots.
Hand«piclking and inoculation were commenced after
3 hours of extraction time, thereby ensuring that all the
nematodes were still very active, They were first colleeted
at the desired rates in Perspex cavity blocks (‘varner and
Harue, 1960) and, with the aid of a finely-pointed hamboo
splinter, they were then scooped into the centre of each
micro-container containins about 1 ml of steamed soilesand
(2:1) mixturce, with small amount of water. The roots of the
bait »nlants were nlaced over the nematodes, covered with
about 3 ml soilesand mixture and watered carefully with the
aid of a rpipette. The micro~containers were partly cmbedded
in moist sand contained in a 3" x 12" x 18" polythene 'gravel
tray moist chamber?' to reduce environmental fluctuations

(Fig. 1). These moist chambers, filled with moist sand and
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with a portable cover of 'Melanex' polycster sheet, were
placed in a growth chamber at 1&-18°C. There were 10 pots
for each dosaze rate and the treatments and the controls
were randomized in 4 moist chambers. After 5 days, more
soil was added in each micro-container to reduce the need
for frequent watering, which was done from a polythene
wash bottle with a fine nozzle., 50il moisture in the wmicro-
containers was kept at approximately 20-25%; waterlojging
caused rotting of the roots and loss of virus.

Only adult X. diversicaudatum werc used in the test
on the effect of number on virus transmission. No attempt
was made to determine the effect of sex on virus transmission,
althiough at the rate of one nematode per plant, 5 out of the
10 pots were inoculated with males and 5 with females. At
the rate of 10 nematodes per plant, the inoculum consisted
of 5 males and 5 females. HHowever, in the test on recovery
of the inoculum, 40 nematodes were used per pot, consisting
of adults and third and fourth stage larvae., Recovery of

the nematodes was done very carefully using Flegg's technigue.



RESULTS

Three weeks after infestation, the roots of the petunia
bait plants were ground in Superfloss Celite (Johns<lMManville
Ltd.) and inoculated to Chenopodium juinoa. Jha and
Posnette (1961) reported 30% transmission with single adult

Xe diversicaudatum per pot using petunia test plants,

Table 1 shows that at one nematode per plant, 100% transe-
mission was obtained in solid watch glasses, 90% each in
ice~-cube moulds and egg cups, and 80% in clay pots. liowever,
at 5 and 10 nematodes per plant, 100% transmission was
obtained in all types of micro~containers; infection was
more severe and uniform in all the plants and the symptoums,
in general, appeared 1l-2 days earlier than in the trecatment
with one nematode per plant, suggesting that the degrce of
infection is related to the number of vectors and, hence,
the amount of wvirus inoculum, The results with one nematode
per plant further show that males and females could transmit
the virus equally, The virus in the infected _lants was
confirined in gel~diffusion serology tests, All the control
plants remained healthy.

The results in Table 2 show no significant differences
between the number of nematodes recovered {rom the four
types of micro-containers in either experiment. However,
plants grown in egg cups and in clay pots had the most root
and those in the solid watch glass had the least, The low
number of galls produced in plants grown in clay pots, in
spite of a big root system and with equally good nematode
recovery, probably arose because the roots formed a mat

around the sides of the pot and were thus rather inaccessible



Table 1. Lffect of number of adult Xighinema diversicaudatum

on the transmission of AMV-T using

micro~inoculation receptacles

Petunia hybrida bait plants infected out of 10

Nematodes :
s0lid watch lce~cube s b
per plant cluss Bl a5 Lgy cups Clay pots
1 10 9 9 8
5 10 10 10 10
10 1C 10 10 10
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Table 2. Recovery of Xiphinema diversicaudatum after 3 weeks

from inoculation to Petunla hybrida in

micro-inoculation receptacles

Nematodes recovered out of 40¢

RReceptacle Total Mean Root
Expt. 1 | Lxpt. 2 | root wt., | galls/ | length

(g) plant (cm)

Solid watch glass 36.7 38.5 1,5 32.5 6.0
Ice~cube moulds 33473 39,6 3.0 58.1 940
Lgg cups 36.7 39.8 heS 7843 8,5
Clay pots 34.3 39.1 4,0 34.9 11.0

*Mean of 6 and 8 replicates for Experiments 1 and 2,

respectively.
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to the nematodes. Ly contrast, the roots of the plants
grown in solid watch glass and in egg cups were shorter,
g0 that the tips were more exposed to the nematodes, thus

producing moxre galls in proportion to the amount of roota.

DISCUSSION

The techniques used in the tronsmiasion of soil-borne
viruses by nematodes are varied, but the 'standard test?
(Fritzsche, 1907) involving infestation with a single
nematode species to test plants grown in pots, eliminated
objections to the earlier technigues, viz,, the possibilities
of transmission by other nematodes or by root contact,
The 'improved standard technigue' devised by Fritzsche
(1667) using solid watch glasses gave better feeding access
to the test plants for the vector nematodes, Illowever, the
Petri dish moist chamber by Fritzsche proved too small for
extensive tests and too shallow for fast-growing bait plants,
The gravel tray moist chamber not only provided the necessary
space and height, but the moist sand also served as an
insulator to decrease temperature fluctuations, especially
under conditions where temperatures were not controlled,
by partly embedding the micro-containers. The sand in the
trays should be sterilized between experiments to eradicate
fungi and other contaminants. The use of these micro-
containera and the gravel tray moist chamber proved highly
succegsful not only in the transmission of AMV<T but also

in the transmission of raspberry ringspot virus (HRV-E)
by X. diversicaudatum, Longidorus caespiticola and

L. leptocephalus.
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Yhen grown in egg cups or amall clay pots to which
soil can be added as the plants grow bigger, petunia can

be grown for more than 3 months under moist chamber
conditions, well beyond the 6-8 weelks reported by Fritzsche
(1967). However, test plants that are badly weakened bLy
moist chamber conditions such as C. guinoa or hop,

successful transmissions of AMV-H by X, diversicauvdatum

have been obtained, and also of nettlehead disease of hop,
by using either egg cups or clay pots prartly embedded in
sand without a moist chamber.,

Production of infective nemateodes has also been
achieved successfully usini the micro-container technique.
This was cdone with hande-picked nematodes, but often it was
easier to screen the nematodes in bulk and add them with
small amount of water to petunia seedlings; the latter is
especially suitable to egg cups or clay pots. Virus inocu-
lation of infector plents is best done about 10 days after
nematode infestation, when the roots have tecome fully
established and fceding has begun, This is especially true
of RRV=E or cherry leaf roll virus which cause severe
damage to the plants, After 4«5 weels, the nematodes are
re-extracted by sieving. Since the soil-smand mixture leaves
very little debris, hand=picking and infestation can begin
about an hour after sieving., Gtater should be replaced in
the extracting dish to allow all the nematodes tc pass

through; wusually about 95/ of X. diversicaudatum could

be collected in 4 hours and about 957 of L. caespiticola

in 16=20 hours.
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The micro-container technigque for virus transmission
tests of nematodes has proved to be effective, gives
relatively guick results and requires less space and
materials than conventional techniques., Nevertheless,
its =success depends on using nematodes that are infective
and active as well as in keeping the roots of the test

rlants vigorous and healthy.
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