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ABSTRACT 

The ecology and virus-vector relationships of 

Xiphinema diversicaudatum with the hop strain of arabis 

mosaic virus (Ay-H) and of Longidorus caespiticola and 

Longidorus leptocephalus with the 'L,nglish° strain of 

raspberry ringspot virus (RRV-E) were studied in the 

laboratory and in the field. Hop was a poor host for 

X. 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 species occurred to a depth of 90 cm with 

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

L. caespiticola  and L. leptocephalus  at 26-31  cm. 

Using small containers, hand-picked X. diversicaudatum, 

reared on nettlehead-diseased or other AMV-infected hops, 

transmitted ANY-H efficiently to hops, some herbaceous 

indicators and hop-field weeds. Viruses causing nettlehead 

and line-pattern symptoms were transmitted by nematodes for 

the first time. AMV-H persisted in starved X. diversicaudatum 

larvae for 29 weeks and for 36 weeks in adults. Temperatures 

profoundly influenced symptom expression of AYV-H in 

herbaceous indicators and 14-18°C was optimal. AMV H was 

not detected serologically in hop leaves until at least 

27 weeks after nematode inoculation of roots. Petunia  

hybrids, Chenopodium murales  Cirsium arvense, Senecio 

yulgaris, Atriplex patula and Chenopodium album were found 

to be hosts of \NV-H; the virus was seed-borne in the last 

two species and also in Chenopodium euinoa. 
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RRV-E was transmitted by L. caespiticola and 

L. leptocephalus. Efficient transmission of HRV-E by 

X. diversicaudatum was demonstrated and the virus persisted 

in starved nematodes for at least 26 days. From a mixed 

infection of &WV-E and AMV-T (arabis mosaic virus, type 

strain) X. diversicaudatum transmitted both viruses simul-

taneously, but AMV-T more readily, whereas L. caespiticola 

transmitted with equal efficiency. 
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ART  

tC0 OGY AND VIR --VLCTOR kEL1TIONSHIPS OF 

kirlf/NEMA 	A DIVE 	(MICOLo) NI) THE 

HOP STRkIN OF ARADV0. HOaAIC VIRUS 

'HU LVC'T1V 

Hop, 	 1,0445 luvulus L., is effected by a number of 

virus disease.. Among them, nettlehaads  which affects all 

varieties but is most severe in Fogg'., appears to be the 

oldest and probably the most serious. This disease occurs 

in all hop growing areas in LnlJand and is reported to be 

Serious in Tasmania (Johnston., 1965), ierhaps the first 

recorded account of thu occurrence of nettlobead in !Ingle's(' 

was made by 4teynolde Got in l57 in a brief description 

cited by Legg (1964) Usual 	The Hoppe that Lykes not his 

entertainment, nagoely his seat, his sroundo, his keeper, his 

dun ;e, or the manner of his matting, etc., appearoth at the 

first out of the ground° greener and smell in stalk, thloks 

and rou,;11e in leaves very. lyke unto a nettle, In 1870, 

Charles whi.tehead described nettleheod•like rotting symntonts 

of hop roots in old gardens in Kent, end in 1894, one 

hundred far,sors complained of the seriousness of nettlehead 

in a meeting at wye College (Leyworth and Paine, 19%). 

It was Poreivel (1693) who first Described nettlehead 

disease end ascribed it to the attacks of ti.o nematode 

lietoTo4erA schacbt41 Sohnidt, outfield (1925), however, 

disproved this when he showed that there were no significant 

differences between the number of nematodes en the roots of 

healthy hops end those with nettlehead disease. Salmon and 
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Ware (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 marching 

and that it was probably a virus disease. Early attempts 

to transmit nettlehead through the soil were unsuccessful 

(Keyworth and Davies, 1946; Anon, 1951, 1953;  Legg and 

Ormerod, 1959). However, further work was stimulated by 

the discovery that Xiphinema diversicaudatum (Micol.) was 

the vector of a strawberry isolate of the type strain or 

arabis mosaic virus (Jha and l'osnette, 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, partially purified 

preparations from nettlehead-diseased hops. The presence 

and identity of a strain of arabis mosaic virus 	in 

nettlehead-affected and in symptomless hop plants was shown 

by Bock (1966) by electron microscopy and serology. 

Consistent occurrence of numerous X. diversicaudatum was 

reported in hop sites in Kent there nettlehead rapidly 

became prevalent in monthly-planted AMV.free setts and in 

an area at Rosemaund Experimental Husbandry Farm where 

severe split leaf blotch had occurred within two years of 

replanting with virus-tested stocks (Bock, 1966; Anon, 

1967). In common with nettlehead-diseased hops, AJWV.II was 

also demonstrated in plants showing 'bare bine' and severe 

split loaf blotch symptoms by gel-diffusion serology (Anon, 

1969; Thresh and Ormerod, 1970). A brief • escription of 

these diseases follows: 
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Sjlit leaf blotch.- 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 'spidery hop' (Wilkinson, 1946). The stems are few and 

weak in growth, some being small and stunted compared with 

the numerous growths and bushy appearance of healthy plants. 

Urals of affected plants are often dark green or reddish 

in colour and affected plants usually occur in small groups 

or rows. These symptoms are lost after the bine:" are 

trained up the strings and superfluous shoots are removed. 

Later in the season, symptoms appear on young leavens. 

Irregular areas 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 

(heyworth, 1951). 

Nettlehead.- 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 Uasal lobes of newly formed leaves are small or absent, 

the leaves stand out stiffly with their ed!;es 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 Javies, 1946). 

The present study, conducted at East Melling Research 

Station from October, 1968 to May, 1971, aimed to investigate 

the ecology and virus-vector relationships of Xiphinemst 

divorsicaudatum and the hop strain of arabis mosaic virus 

(,‘MV-11) in nettlehead disease. 
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MATERIALS AND METHODS 

The following biological materials ware used ttroughout 

the study: 

Xiphinema diversicaudatnm, (Mieol.): 

a) Non-infective - from 'woodland soil' at Uigh 

halstow, Kent, containing nematodes of which about 

ON were X. diversicaudatung  referred to subsequently 

as 'woodland Xiphinema'.  

b) Infective: 

(i)woodland Xiphinema  raised on Fuggle hop plants 

that became infected. with AMY-11 when planted for one 

growing season in a site where split leaf blotch occurs 

at Slade Yard, Rosemaund Experimental husbandry Farm, 

Herefordshire. However, the actual infector plants 

never showed the disease when grown in wooden boxes 

(20 cm x 30 cm x k5 cm) for at least four months; 

this isolate is referred to in the text as 'Slade 

soil box Xiphinema'.  

(ii) From soil around roots of hops (Uramling Cross) 

with severe nettlehead disease at Neverlood Farm, 

Uorsrnonden, Kent; referred to as 'Field nettlehead 

Xiphinema'.  

(iii) Woodland Xiphinema raised on nettlehead-diseased 

Fuggle hops from Grigg Farm, Headcorn, Kent, grown in 

boxes as in (i) and referred to as '$sttlehead soil 

box X.iphinemal. 

MV isolates: 

a) 	)..MV-H (5) - from hop source plants mentioned in 

b(i) above. 
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b) AMV-H (N) - from hop source plants mentioned in 

b(ii) above. 

c) ANV..T - from strawberry. 

Ecology of Xiphinema  diyersicaudatum on hop 

In root observation boxes.- Root observation boxes 

(15 cm vide.  x 45 cm long x 45 cm deep) provided with detach-

able glass frames on two sides and containing 1.1 cn.ft of 

soil wore used (Fig. 1). The inner sides of the box were 

lined with clear 'Melanex' polyester sheet to hold the soil 

in place when the glass frames were removed during sampling. 

,\ removable lid outside the glass frame shielded the roots 

from light. The woodland soil used was screened through 

3 cm mesh and mixed thoroughly before placing it in the 

brnoes. The initial number of the different growth stages 

of the nematode was assessed from samples taker at random. 

One lot from the same batch of soil, placed in a 'polythene' 

(polyethylene) bag and kept at 30C, was used to replace the 

samples taken during the experiment. Root-free areas in 

each box, referred to in the text as ‘soil cylinders ), were 

maintained by putting part of the soil in ri7id polythene 

tubes (7 cm diameter x 15 cm lon), each provided with three 

equidistant side cut-outs (2.5 x 9 cm) )  an which and on 

both ends 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 'Nelanex' sheet on both sides 

(Fig. 1). A hop seedling or sett was planted in the centre 
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Fig. 1. Root observation box used in ecological studies of 
Xiphinema diversicaudatum in hop; the ends of 
four root-free 'soil cylinders' buried 
horizontally are visible through the glass panels. 
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of each box, except in the controls, whicl. contained soil 

only. The soil surface was covered with black polythene 

sheet to minimize drying and each box was watered similarly. 

Soil samples on and around selected primary roots and 

along mats of lateral roots were compared with adjacent 

sites 8 cm from roots. Samples were taken contiguously 

with a 1 cm diameter semi-cylindrical brass core-sampler 

driven horizontally 1 cm deep. However, a 2.5 cm diameter 

core-sampler, driven 7.5 cm deep, was used to take the 

samples inside and outside the soil cylinders as well as 

those along the vertical and horizontal axes of the root 

box. Samples inside the soil cylinders were taken at their 

centres and those outside, exosed to hop roots, were taken 

horizontally, 12 cm distant from the centre of the adjoining 

cylinder. Each sample was washed into a glass tumbler and 

nematodes were extracted by a modified Cobb's decanting and 

sieving dish technique, henceforward referred to as Flegg's 

technique (Flagg, 1967); adults and larval stages were 

counted separately. 

Under field conditions.- The site selected for this 

study was a 3-acre hop field at Horsmonden, Kent. This 

planting (Bramling Cross and W.G.V.) has been badly affected 

with nettlehead disease and previous samplings in the area 

yielded appreciable numbers of X. ,A1,7- rsicaudatum. 

Soil samples were taken, at sites randomized throughout 

the field, between and within hop rows at various depths 

and distances from the plant in September, 1969. Sampling 

between rows was done by first digging a trench 15 cm from 

the hop hill, about 4o cm wide, 90 cm deep and 1 m long. 
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Then twin-core samples were taken with a trowel horizontally 

at 11-19, 26..34, 41-49, 56-64 and 71-79 cm depths at 0, 45 
and 90 cm distances from the plant. Each sample was gently 

crumbled, mixed and a 200 mi 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 cm and 90 cm 

distances from the hop plants (i.e. midway between two hop 

hills). Twin-core samples were than taken with a trowel at 

15-30 cm deep in the holes and a 200 ml subsample from 

each was processed as in the sampling between rows. 

The data, and those obtained from the root observation 

boxes, were transformed into square roots and analyzed 

statistically. 

Survival and multiplication of Xiphinems 

diversiceudatum on weeds and on virus indicators 

'eeds of weeds common in hop fields and of some virus 

indicators used in nematode transmission tests were sown in 

steamed soil on dates arranged so that all suecies germinated 

at roughly the same time. One seedling of each test plant 

was transplanted at the first true-leaf stage into a )0 ml 

clay pot, with drain hole plugged with plaster of Paris, 

containing a 3:1 steamed soil-sand mixture. The eight 

replicates of each plant species, including the unplanted 

control, were randomized in blocks with the pots partly 

embedded in moist sand to reduce fluctuations in the 
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environment. Two weeks after transplanting, each plant 

was infested, via a hole du into the root zone, with 20 

males and 30 females of X. diversicaudatum that had been 

starved for eight months. Ten weeks after infestation, the 

nematodes were 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-vector relationships of AMV-11  

and Xiphinema  div?rsigaudatum 

Nematiodes.... All infective nematodes used in studios 

on virus-vector relations were extracted by Flegg's technique, 

including those raised on shoot-tip cuttings of nettlehead-

diseased hops rooted in polythene ice-cube moulds. uften, 

hand-picking and inoculation commenced after 3 hours extrac-

tion through nylon screens in dishes or at most overnight, 

thereby ensuring that all the nematodes were active. Moulting 

nematodes wore excluded. 

Virus transmission by nematodes. - All nematodes used 

in transmission tests were hand-picked under the binocular 

microscope with the aid of a finely pointed bamboo splinter. 

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 soil-sand mixture; just enough water was used 

to wash off the AMMIMMilisiriternatotles• chenopodium cauinoa 

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 nematodes, covered with 

about 5 ml of steamed soil-sand mixture and watered from a 

wash bottle or pipette. The egg cups or clay pots were 

partly embedded in moist sand to reduce environmental 

fluctuations. After 4-5 weeks, the roots of the bait plants 

were washed free of soil and nematodes, ground with 

•Superfloss Celite' (Johns-Manville Ltd.) and inoculated 

on leaves of C. amaranticolor 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 ,4f arabie mosaic virus, isolated from 

strawberry. 

inatturitsmissionthrounseedE.- Seeds were collected 

from individual plants infected with AMV-I1 at the seedling 

stage by X. diversicaudatum or by sap-inoculation. These 

were sown two weeks later, in steamed soil 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 inoculating the sap to 

C. amaranticolor. The presence and identity of virus in 

indicator plants showing systemic symptoms was confirmed by 

gel-diffusion serology. 
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RESULTS 

ECOLOGY uF 	 ON HOP 
	A." 

Studies in root observation boxes 

lematode distribution in relation to primary roots.- 

Commencing in hay, 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 over 7.14 days averaged 1 cm in the 1969 trial, 

when seedling hops were used, and 1.5 cm 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 

X. diversicaudatum compared with Trichodorus, the 1 cm 

diameter contiguous 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 obtained in both trials. 



Tablo 1. Distribution of Xiphinema divorsicaudatum 

in relation to primary roots of hops 

grown in observation boxes 

Distance from 
root tip (cm) 

Mean number per 1 ml soil 

ahizosphere Non.rhizosphere 

1969* 1970f 1969* 	1970t 

1.5 Front 2.06 	3.41 

1.5 Left 2.96 	2.92 

1.5 Right 1.79 	2.10  

2.84 	4.24 

1 1.50 	3.24 

2 2.69 	2.88 

3 2.92 

If 4.24 

5 3.80 

6 3.12 

7 2.96 

8 2.61 

9 3,67 

* 0.212 (Data shown are the means of 5 root samples 

in Vit + 1 transformation) 

0.196 (Data shown are the means of 12 root samples 

in Nix 1 transformation) 

9 
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Nem tole n hers 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 cm 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 (c) areas 8 cm from roots, gave no significant 

differences between the number of X. diversicaudatum in any 

of these sites (Table 2). Similarly, the number of nematodes 

in samples within each site did not differ significantly. 

These results corroborate those in Table 1 which showed 

that X. diversicaudatum, unlike Trichodorus viruliforus on 

apple roots (Pitcher, 1967), does not aggre,;ate on hop roots. 

Movement of nematodes from root-free soil cylinders 

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

samples were taken in July, August and October, i.e., 3, 4, 

and G months after planting the hops, respectively. In 

samples obtained in July and in August, the number of 

X. diversicaudatum inside the root-free soil cylinders did 

not differ significantly from the counts outside the soil 

cylinders exposed to hop roots (Table 3). In the October 

samplings, however, the number of nematodes outside the soil 

cylinders were significantly more than the number inside the 

soil cylinders. The experiment was repeated in 1970 using 

soil with a higher population of X. diversicaudatum and 

eight replicates. Control boxes with soil only were also 

provided. The results obtained in the root 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 

Location 
..'!can* 

(back-transformed) 

Along mat of lateral roots between 

two primary roots 	 2.96 

At tips of lateral roots arising 

from one primary root 	3.16 

In areas L cm from hop roots 	2.80 
	41111.11■01.1•111101111*001.••■••■•• 

*Three replicates of 10 samples each; data analyzed as 

v(x + 1; 6.L. of transformed mean = 0.103. 
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Table 3. Number of Xiphinerna diversicaudatum  inside 

and outside 'soil cylinders' (SC) in root 

observation boxes with and without hops+  

Samples taken 
1969 1970 

It'ith hops With hops `,ithout hops 

July 

inside SC 39.7 (5.99) 129.5 (11.297) 105.9 (10.248) 

* 0.520 * 0.339 * 0.479 

Outside SC 42.3 (6.32) 95.0 (9.712) 111.5 (10.515) 

October 

Inside SC 14.5 (3.72) 56.7 (7.405) 107.5 (10.274) 

* 0.231 * 0.339 

Outside SC 37.5 (5.96) 113.9 (10. 465) 98.9 (9.888) 

kespectively, means of 4 and 8 replicates for 1969 and 1970 

trials; ( ), means of data in \tx + 1 transformations; 

* standard errors of transformed data. 
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ere very similar to those recorded in the 1969 experiment, 

where the density of nematodes in October outside the soil 

cylinders and exposed to the hop roots was twice that inside 

the soil cylinders. In contrast, in the control boxes 

without hops, there were no significant differences between 

the number of nematodes inside and outside the soil 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 2-way movement through the 

mesh cut-outs in the soil 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 October 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. diversicaudatum. 

Counts of nematodes in the upper soil cylinders placed 

12 cm from the surface and adjacent soil exposed to hop 

roots were compared with the numbers obtained in samples 

inside and outside the lower soil cylinders placed 33 cm 

from the surface. The results in both experiments showed 

that the density of X. diversicaudatum in the lower half 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 

hops on the population structure of X. diversicaudatum, the 

number of males, females and the different larval stages 

was assessed in soil samples taken in April, when the hops 

were planted in root observation boxes, and in July and 

(2ctober, 3 and 6 months later. Control samples were taken 

from boxes without hops. 

The percentage of adults (AD) and each of the different 

larval stages (Li, L2, L3, L4) in samples from root boxes 

with and without hops are shown in Table 4. Compared with 

the initial population in Aril, the population of Ll and 

L2 in July in root boxes without hops each decreased by 5%. 

1.rsultaneously, there was corresponding increase in L3 and 

L4 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 months from the onset of starvation, 

respectively, between July and October. 

In root boxes with hops, however, the proportion of 

Li and L2 in July decreased by 11% and 6 each. At the 

same time, there was an increase in L3, L4 and adults by 

2, 8: and 	respectively. These results indicate that 

a higher percentage of nematodes moulted, compared with those 

in the unplanted control. The big reduction in the proportion 

of Ll, which was not matched by an increase in the subsequent 

stages, further suggests that, if hop contains any toxic 



Stags 
Initial 
population 
(April)+  

Ll Li 	L2 	L3 	L4 ii AD 

Composition after 3 months 	Composition after 6 months 
(July) 	(October) 

L2 L3 L4 AD 

25 

Table 4. Changes in population structure (A) of 

Aiphinema diversicaudatum in root observation 

boxes with and without hops 

Li 	16.3 	5.2* 	 1.0* 

	

10.6** 	10.8* 

L2 	17.8 	11.6* 	 6.4* 

	

12.6** 	 9.7" 

L3 	19.1 	20.8* 	 24.0* 

	

22.8** 	21.8** 

L4 	12.2 	20.0* 

16.2** 

AD 	34.7 	42.4* 

37.8** 

27,3* 

20.5** 

41.4* 

38,0* 

+Mean of 6 x 200 ml samples, 

*With hops; mean of 32 x 30 ml samples. 

**Without hops; mean of 32 x 30 ml samples. 
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substance, it is the Ll stage that is most vulnerable. 

After 6 months, only 1% Ll remained and moulting of L2, L3 

and L4 became more marked. 

In root boxes with and those without hops in the July 

and October samplings there were, in all cases, approximately 

5% more females than males. 

Vertical and horizontal distribution.- The distribution 

of nematode vectors in the soil is important not only in 

establishing their role in the etiology of a plant disease 

ut also in relation to their control by chemical treatments. 

fbo following experiments report the results of studies on 

the vertical and horizontal distribution of X. diversicaudatum 

in soil boxes planted with hops. 

Data obtained 6 months after planting the hops (Pigs. 2 

and 3) show that the nematodes were more numerous from 10 cm 

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 maximum hop root density (Pig. 4), the nematode 

distribution in boxes without hops followed 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 

2.5 cm diameter samples taken vertically and horizontally 

along the central axes of root observation boxes with and 

without hops. In general, there was a higher fluctuation 

(0e50) amongst the vertical samples taken from surface to 

bottom than amon';st the horizontal samples (1-34) taken 22 cm 
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30 
from the surface. Similarly, a higher fluctuation occurred 

amongst samples in boxes with soil only than in boxes 

planted to hops. 

A remarkable redistribution of adults (AD) and the 

larval stages L2*  L3, Wir, in relation to depth, was obtained 

in the root boxes during the 1969 test (Fig. 5). Except 

for the Lis, which were very few, the density of L2s and 

L3s was highest at 5-15 cm from the surface and then gradually 

decreased with depth. In contrast, the density of adults 

and L1is increased with depth down to 4o cm. During the 

test in 1970, however, the number of Ll, L2, L3 and L4 was 

highest at depths of 10..37 cm; results obtained with adults 

were as in the 1969 test. 

Field Studies  

Vertical and horizontal distribution.- The fluctuations 

in the number of A. diversicaudatum between 7 cm diameter 

contiguous samples taken. at 15-30 cm deep in three parallel 

transects across the row of nettlehead-affected hops are 

given in Fig. 6. in the transect cut through the hop plant, 

there was very little fluctuation within 30 cm of the hop, 

but considerable fluctuation beyond. The transect cut at 

30 cm from the hop gave tte least fluctuation and the lowest 

nematode counts, probably due to partial exposure to high 

temperature when the transact at 6o cm was cut a week earlier, 

This test further showed the decrease in numbers of 

X. diversicaudatum with distance from the hop plant. 
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wimples, 7.5 cm diameter, taken at 15..30 cm deep 
in parallel transacts across the row (A) through 
hop plant, (0) 30 cm from hop plant, and (C) 60 
cm from hop plant. (Norsmonden, Kent, 1969). 
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In samples taken between rows of field-grown hops, 

X. 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 basic 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 Taylor and Thomas (1968) who reported 

that the ratio between the number of females and juveniles 

under Nailing Jewel raspberry was similar at all depths. 

Based on the total counts of females and larvae 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, 

i.e. midway between two hop hills, thereby supporting the 

results given in Fig. 6 and in Table 5. 

Laboratory Studies 

Hop-field weeds and virus indicators as haste of  

X. diversicaudatum.- Neasured 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 virus 

indicators tested, except Cirsium arvense and  triplex 

patula, were more suitable hosts of 	diversicaudatum than 

hops (Table 8). Similar results were obtained in kfarch+MaY, 

1969 in a preliminary test conducted in polyethylene 
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Table 5. Vertical and horizontal distribution of 

Xiphinema divorsicaudatum in soil under hop plants 

Horsrnonden, Kent, September, 1969* 

Depth 
(cm) 

Distance from hop (cm) 
loan 

45 90 

11-19 42.0 (5.8) 23.5 (4.4) 14.3 (3.5) (4.6) 

26-34 9.3 (3.1) 5.6 (2.5) 2.3 (1.7) (2,4) 

41-49 5.5 (2.5) 1.7 (1.6) 1.8 (1.6) (1.9) 

56-64 3.8 (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) (1.2) 

'Mean (2.9) (2.2) (1.9) 

*Nean of 12 x 200 ml samples in six replicates; ( ), means 

of data in Vx + 1 transformation. 

of transformed means are: depth 	-0.501 

distance ..0.2P9 



arowth stage 

L4 Li L2 L3 
Depth 
(en) Totals 

35 

Table 6. Population structure () of 

Xiphinema diversicauthtum at different depths in 

hop soil, Iiorsmonden, Kent, September, 1969* 

11.19 15.3 18.8 17.8 3.7 5.7 9.1 70.3 

26-54 4.8 4.3 2.7 0.5 0.8 2.0 15.1 

41-49 3.4 1.8 1.5 0.3 0.1 0.8 7.9 

56-64 1.5 1.3 1.5 0.3 0.3 0.6 5.4 

71-79 0.1 0.3 0.7 0.0 0,1 0.1 1.3 

Totals 25.1 26.4 24.0 4.9 7.0 12.6 100 

'based on total count in 180 x 200 ml samples taken at 

0, 45 and 90 cm from hop plant. 
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Table 7. t.ffect of distance from hop plants in the 

row on the number of Xiphinema diversicaudattim at 

15-30 cm deep, Horsmonden, Kent, September, 1969 

Distance from 
plant (cm) 

No. per 200 ml soil* 
( 	+ 	1 	) 

15 4.00 (! 0.170) 

90 3.36 	(: 0.241) 

*Mean of 70 and 35 samples for the 15 and 90 cm 

distance, respectively, in five replicates. 



Table 8, 5urvivel and multiplication of ,X1pinena divereicaudaton 

on voids common in hop fieldl end on some virus indicators* 

Host opesive 

,,tcLutodies recovered per 
jot after 10 weeks Sean larvae 

per surviving 
fads 11100141Ulat 4is 

LarvuoY 

Zajaat asdia (L.) Yin. 13 

16 

14 

15 

It 

21 

22 

19 

19 

24 

131 

56 

59 

37 

9 

6 

3 

3 

2 

4: 1 

Eat za 

AdMai v1314444  L." 
oloraceus 

nth 4a cotu).a L. 

nusuq, 	L. ,obtuairouus 13 21 12 1 

(412eP*D9alli? 	Le**  ./41763  13 21 8 4-1 

Welt* &ma (L.) 3oop. 7 10 9 1 

Atri.plox poLtuli, 7 13 3 44 

Pstonitt tyrbriadp, 14 19 76 4 

Nloot ana cielts1apdAt (;ra,,y 2* 16 23 37 2 

Ch4m.Q7odluataltai wind. 11 14 1 <4 

Aspanti001.OF Cost* & • IV. 14 20 12 1 

4tw1us 1upulus 10 13 1 <1 

No host 13 13 0 0 

*Conducted in 90 al clay pots from May-July, 1970; inocuium mem 20 males 

and 30 foxiales per plant; mean of 8 replicates. 

tL1, L2 and a negligible number of uterine eggs. 

"*last of ANY.4.11 (see Table 15). 
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cylindrical tubes (Pitcher and McNamara, 1970) containin8 

35 ml soil in which less than 50% of the nematodes survived 

with hop, after 10 weeks, and together with Ckenonodinm 

Dimino*  and C. amaranticolor showed low reproductive 

potential compared with Petinia hybrids and Nic.otiana  

	 Stellaria media, probably the most common 

of the weeds evaluated, gave the highest reproduction for 

the nematode, with six larvae per female, followed by 

V. hybrids, the best among the indicators, with four. 

Nematode reproduction was poor on Anthemis cotula, although 

it gave the highest inoculum survival, followed by 

N. glevelandil and Lel anoil.  All species of Chenopodium 

tested, and also ;triplex 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 feedi z. The relative sizes of the galls 

formed by each species are shown in Figs. 7-9. Those that 

formed galls readily and abundantly were 	media, P. annua, w■•••■•■•■■■■■ MOO OMMOI 

P. hybrida and Senecio vularis. 'lop, N. clevelandii, Rumex 

obtusifolius, Cirsium arvense, Atriplex patula and all the 

Chenopodium species did not form many galls, even with high 

nematode inoculum. Galls formed by S. media and S. vularis 

were large and visible to the naced eye; a lens was needed 

to detect galls in the other species. Urtica urens, also a 

common weed in hop fields,:'armed few, but relatively large 

galls (Fig. d). 
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B 

Fig. 7, Root galls induced by Xiphinema divereicaudatum 
on (A) Stellaria  media e  (B) Senecio vulgarie. 



E 

,. 8. Root altsinduced by Nivhinoma  luxatligaugamm 
on (A) yliptunta  hybrid, 	iiumlaus 	-111/ so  
(c) Schue ()lore u 	(;1) 	urens, E) 

ox tnItulp, 	AnthqP11.1.90tItle. 



Fig. 9. Root galls induced by XiphirmmA  diversienudiltum  
on (A) Cbanovo41.1v7 7Alloa s  03) 1:.• ‘arNrovlticolizAr4  
(C) £' .01;!_u s 	annua. 
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ence of feedine ors ho roots.-on 	Feeding of 

nematodes on plant roots may provide circumstantial evidence 

of their role in the etiology 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.g. hop, 

neither form galls nor support much nematode multiplication. 

This study, aimed at detecting X diyersicskudatum feeding 

on hop roots, was conducted in the early part of 1969, when 

the relationship of K. diversiceudatum and AMVell was not yet 

established. 

Rooted shoot.tip cuttings of hops grown in polythene 

ice-cube moulds, containing sterilized soil, were inoculated 

with hand-picked X. diversicaudatun. After 4 weeks, the 

root system of each plant was washed eently into a beaker 

of water and then examined immediately in a letri dish under 

a stereoscopic microscope. A number of adults and fourth 

stage 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, together 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 stylot 

which often penetrated intracellularly, reaching the vascular 

region in smaller roots, 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). In 

hop, slight discolouration of cells around the stylet was 

observed in a few instances. 
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Pip 10. Portions of hop. roots 'ith adult and lith stage 
larvae of )0.PtlinorA4 jvoxaicuth turn trapped 
in the act of feedinzo  



Fig. 11. Xiphinema diversicaudatuw feeding on hoe:, roots 
with lips partly embedded and with stylets 
extruded in varying positions; note retthicement 
s*ylet (below, left) of 4th stage larvi„. 
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vinus.vEcTort RELATIONSHIPS OF AMV-H AND 

XIPHINI:;MA DIVERSICAUDATUM 

Virus detection 

SymptomatoloAy of test plant,/ 

The symptoms of MWV*-14 on C. amaranticoior and C. eninoa  

4.c:re first described by Bock (1966). Additional symptoms 

have been observed on these two species as well as on 

C. murale and C. album, all of which were used extensively 

in this study. The symptoms described occurred on test plants 

that were sap-inoculated with either AMVefi (s) or AMV-H (N) 

isolates and were incubated at 14-18°C in the growth chamber. 

both isolates showed similar symptoms in each test plant 

species under these conditions, but symptors were rare in 

fluctuating glasshouse environment. 

C. amaranticolor.- Vigorous plants sap inoculated at 

6-leaf stage showed systemic salt-mosaic symptoms usually 

after 9.10 days startine at the base of young leaves, 

accompanied by slight downward cupping and vein-handing 

(Fig. 12A). This salt-mosaic pattern disappeared in about 

2 days and vein-net symptoms followed, together with chlorosis, 

crinkling and wavy leaf margins (Fig. 1213). Only 3.4 leaves 

usually show systemic symptoms. After 3-4 weeks, these 

leaves eventually became green, but could still be distin-

guiehed by the characteristic crinklin7 and wavy margins. 

By contrast, the strawberry isolate of AMV.T caused small 

necrotic lesions on inoculpited leaves end death of the shoot 

after one week (Fig. 13A). 



4
A 
 6 

Fig. 12. Symptoms caused by ANV-11 on Chengpodium amaranticolor 
at 14-18°C. 
A, right: 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-leaf stage show only 

the vein-net symptoms accompanied by mild chlorozsiss. Bending 

of the shoot and mild chlorosis of young leaves sometimes 

occur on a small proportion of plants. 

C. album.- Only the systemic salt-mosaic symptoms and 

the slight downward cupping of young leaves described in 

C. amaranticolor occur. The symptoms disappear within a 

few days. 

C. auinoa.- Bock (1966) described symptoms on C. euinos 

as 'mild vein-net progressing 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 greenhouse and in the growth chamber to 

determine which was the better indicator between 

C. amaranticolor and C. euinos, the yellowing symptoms 

reported by Bock were reproduced in only one instance - a 

batch inoculated with the ANY-H (S) isolate, although the 

virus was also detected in symptomless plants either by 

infectivity or by gel-diffusion serology tests. Parallel 

tests on C. amaranticolor consistently gave distinct symptoms 

in all tests. However, a more characteristic and reproducible 

symptom of AMV-H on C. euinoa is the downward bending of the 

lower leaves to bring their tips close to the stem (Fig. 13B). 

C. murals.- Both the AMV..H (S) isolate and the AnV-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 systemic symptoms 

appear 2.-.3 weeks from inoculation as yellowing and distortion 



Fig. 13A. Comparison of symptoms of AMV.H after 3 weeks 
(right) with those of ,HMV-T' after 2 weeks 
(centre) which causes minute necrotic lesions 
on sap-inoculated loaves and death of shoots  
Lofts healthy. 

Fia. 13n. i44ht& -,ymptoms of AMY-II on ,chenopodium cluinoa  
at 14 C showing yellowing of top loavos and 
bending of lower loaves *bone to the stem. 
,1ort,1 healthy, 
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of the youngest leaves (Fig. 14A). Subsequently, the 

primary shoot dries up$  followed by the lateral shoots, 

progressing downwards, and finally ending in 'blind tips', 

leaving the older leaves green. Unlike the infection 

caused by  the type strain of XMV, Where the plant collapses 

and dies in 2 wees, a plant with 'blind tips' can live 

for a long time although it is unable to produce new shoots. 

Plants inoculated when slightly older usually produce seeds 

although, in time, subsequent shoots also die. In a batch 

of 6 plants each inoculated in February, 1970, with both 

ANV..H (;) and PC4V-11 (N) isolates and incubated in the green-

house, a progressive bright yellowing symptom occurred on 

the older leaves 5 weeks from sap-inoculation, 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. 1413). 

Detection of AMY- in 	aaoaraenticolor 

Detection of infected plants in nematode transmission 

tests was beset by problems at the start of the work due to 

the mild symptoms induced by M'IV-II. Growth of test plants 

during winter, when temperatures in the greenhouse are 

favourable for the virus, was slow and poor due to 

insufficient lighting. The mild symptoms produced on 

herbaceous 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 unless done on plants showin distinct systemic 

symptoms. The following experiments report studies on the 



Fig. 14. Symptoms caused by AMV-H on Chenopodium murale  
showing (A) wilting of tips, 3 weeks after 
inoculation and (B) close-up of yellowing on 
older leaves developing 5 weeks after inoculatio#; 
healthy controls on left. 
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relationships between. sync tom expression and (a) size of 

test plant, (b) environmental temperature, and (c) timing 

of gel-diffusion serology on test plants infected with AMY-H. 

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

7 cm 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 leaves were inoculated with the 

same inoculum, obtained from roots and shoots of infected 

C. amaranticolor, ground with Celite. The plants were 

incubated in the growth chamber at 14-180C and gel-diffusion 

serology was done on 6 or 12 plants of each treatment 18 days 

from sap-inoculation. 

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 later by chlorosis and crinkling of the leaf 

margins 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 vein-net and, later, chlorosis starting at the base 

of young leaves. A few plants showed a characteristic 

bending of 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 gel-diffusion serology tests. However, the leaves 

of the bigger plants were harder to grind and yielded much 

less sap. 
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(h) :kivironmontal tereveratnre.- There are many 

reports, e. .. Holmes (1964), that the symptoms of any 

viral diseases are masked at high environmental temperatures. 

A practical solution offered by Ross (1964) was to conduct 

the experiments when near-normal temperatures can be mala.,,  

tamed 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 

plants out-of-doors during hot summers, aence, Keyworth 

and Paine (1950) recommended that roguing f r nettlehead be 

done very early in the season before the tines are trained. 

The effects of winter and summer temperatures in the 

greenhouse compared with a controlled temperature in the 

growth chamber on symptom expression of AMV-ii in 

. wuaranticolor are shown in Table 9. The test plants were 

at 6-true-leaf stage and were inoculated with similar 

inoculum :;round with Celite from roots and shoots of infected 

C. amarantipolor. No symptoms developed on plants inoculated 

in June and July incubated at 13-28°C in the greenhouse, 

whereas their counerparts incubated at 17-19°C in the growth 

chamber developed distinct symptoms in 12-15 days and gave 

positive reactions in gel-diffusion serology. In plants 

inoculated in July that gave no symptoms and serological 

reactions, two oak of 10 proved to be infected when the roots 

were later inoculated to C. amarantieOlor plants which were 

incubated in the growth chamber. Test plants incubated in 

a Fisons 6rowth cabinet at 15°C and 80% R.H. developed salt-

mosaic symptoms in 10 days similar to those in the growth 

chamber. However, the symptoms were soon masked, apparently 
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Table 9. afect of temperature on symptom expression 

of AMV-11 in Chenopodium amaranticolor 

Greenhouse Growth chamber 

Inoculated Temp. Symptoms 
appeared 

sate with Temp. Symptoms 	late with 
appeared 

(°c) (days) symptoms* (°c) (days) 	
J 
 symptoms* 

3.V1.70 19.28 No symptoms 0/15 17-18 12 	15/15 

13.V11.70 13-28 No symptoms 0/12 17-19 13 	12/12 

- - - 15t 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 

*Numerator is the number of plants that developed symptoms and the 

denominator is the total number of plants sap-inoculated. 

*Conducted in Fisons (Type 1200 PG) growth cabinet. 
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due to the 1,000 f.c. light intensity that caused stunting 

of the plants which developed thick, leathery 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 

distinct symptoms in 10-14 days. 

(c) Timing of eel-diffusion serology.. The test plants 

used in the experiments given in Table 10 had sylaptoms of 

similar severity. They were all incubated in the growth 

chamber kept at 13.18°C between sap-inoculation and serology 

test. In all cases, only the young leaves were tested, 

including the healthy controls of each experiment. The 

first test, 18 days after inoculation, gave 100 positive 

reaction. In other routine tests, similar 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 

Lxeeriment I, when the average temperature in the growth 

chamber was 18°C, the test plants grew faster, subsequent 

leaves became symptomless and the number of plants giving 

a nositive serological reaction was reduced. However, when 

the average temperature was 13°C, as in txperiment II, 

growth rate was decreased, symptom expression was prolonged 

and 50% of the plants still gave positive serological 

reaction after 28 days. The virus was not detected 35 days 

after inoculation. 
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Table 10. Ti win, of gel-diffusion serology for 

detection of AMY-H in Chenopodium amaranticolor  

Expt. No. 
Interval between 
inoculation and 
serology 	(days) 

_22211111itasIL2a_ 
Plants tested 

I 18 6/6 

22 2/6 

28 1/6 

II 18 12/12 

22 10/12 

28 6/12 

35 0/12 

III 28 1/14 

IV 20 15/15 

V 18 20/20 
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Transmission of ANV.H from hop to Chenopodium guinea  

and to hop.- The results of three experiments conducted to 

determine whether 	diversicaudatum transmitted AMV.H, 

using C. quince and hop as bait plants are given in Table 11. 

Rooted shoot-tip cuttings of healthy hop var. Branding m 

(meristem clone) **were used in Experiment I after 

Dr. J.M. Thresh (personal communication) found XMV-H, for 

the first time, by serology, in some of the Fuggle hop 

seedlings being used in transmission experiments. 	In 

iocperiment I (Table 11) When non-infective nematodes were 

hand-picked, given 8 wee1J5 of acquisition access feed on 

rooted shoot-tip cuttings from nettlehoad-disesed hops grown 

in polythene ice-cube moulds and then transferred to rooted 

shoot-tip cuttings :/f healthy 2ramling M at 60 per plant 

in polythene ice-cube moulds, they infected 40% and 21% of 

the C. quinoa and hop plants, respectively. In 1Lxperiment 2, 

where 'field nettlehead Xiphinema' were transferred at 30 

per plant using plastic egg cups, there was 70% and 10, 

transmission to C. quipoa and Fuggle hop seedlings, 

respectively. In Experiment 44*., the fiures 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 egg cups; those in the 

second trial were transferred to small clay pots. The 

results showed that both adults and larvae, kept separately 

at 50 per plant in either egg cups or small clay pots, 

transmitted AMIT..H equally. Harrison and Winslow (1961) 



Table 11. Transmission of AMV-H by Xiphinema divarsicaudatam 

from hop to Chenolodium quinoa and to hop 

Expt. 
No. 

Initial status 
of nematodes 

Acquisition 
access (wks) 

Nematode Tran3wission 

ex- 
Plant Stage Hop 

1 	Non-infective 8 60 AD,L30.4 40 (6/15) 21 (3/14) 

2 	Infective Since Li 	30 AD,L311,4 50 (10/20) lo (2/20) 

3 	Non-infective 17+ 50 AD 100 (30/30) 100 (20/20) 

3 	Non-infective 17+ 50 100 (20/20) 100 (17/17) 

Control 	Non-infective 0 100 AD o (0/20) 0 (0/10) 

0 1■10 0 (0/40) 0 (0/30) 

*Figures  in 	,arenthescs denote the nuIntor of plants infected/total number inocule ted. 
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reported a hi gher percentage of transmission of MW by 

adult X. diversicaudatum than by larvae. Similarly, Taylor 

and Thomas (1968), obtained transmissions with females, 

males and juveniles. 

Results of gel-diffusion serology tests mare on all the 

e. arnaranticolor indicator plants showing systemic symptoms 

in Lxperiments it  411 and Aila confirmed the presence of 

AMVelis None of the control plants were infected. The 

results of these three experiments, therefore, proved that 

X. diversicaudatum is a vector of A11V-11. 

Transmission of nettlehead disease to hop.- Table 12 

shows the results of transmission trials of nettlehead and 

line-pattern diseases by X. diversicaudatum.  The nematodes 

used, Nettlehead soil box Xiphinema, were sieved out after 

au acquisition access feed of about a year, hand-picked and 

transferred to hop seedlings in egg cups at various rates 

(Table 13) in April, 1970. The bine!, were cut back in 

September, 20 weeks after inoculation, and the plants placed 

in a cold store for 14 weeks at 30C ('winter treatmentl). 

Symptoms of nettlehead and line-pattern developed between 

February 10 and Parch G, 1971, i.e. 4.7 weeks after the plants 

were returned to the greenhouse at 17°C. Nine out of 40 

plants (22.5A developed nettlehead symptoms and one out of 

ko showed line:-pattern symptoms (Fig. 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. 



No. plants showing 
symptoms 

No. plants 
infected with V.•H Symptoms 

lowl••■••■•111•1101•1111••••111111011•01•111111111.01"amn 
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Table 12. Transmission of nettlehoad and 

line-pattern diseases to hops by Xiphinerna diversicaudatum* 

Nettlehead 	 9 
	

9 

Line-pattern 	 1 	 1 

None 	 50 
	 22 

Total 
	

40 
	

32 

*Nematodes raised on nettlehead-diseased hops. 
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Fig. 15. Puzzle hops (F.37 '9. 	cinht: Nettlohead 
transmitted by hand.picked Xippinema,  
Al2nrigatum raised on nettlehead•affectod 
hops. Loft: :lealthy plant, infested with 
non.incoctive nematodes, 

fl) Ri*ht: Leaf symptoms of hop line-pattern in 
soodliny; of Fuggle (P.57 7) transmitted by 
handpicked X. diverelcandatum. Left: healthy. 
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All the test plants were assayed for AMV-H, first, by 

an infectivity test, where roots were ground with Celite 

and inoculated to C. amaranticolor 20 weeks after nematode 

inoculation and, second, by gel-diffusion serology, carried 

out in January, 1971 on new growth following the winter 

treatment. In both tests, AMV-H was present in the plants 

showing symptoms of nettlehead, but it was not detected in 

the plant with line-pattern symptoms, or in another serology 

test done 2 weeks later. Dowevter, its presence was confirmed 

in two subsequent infectivity tests by rubbing young leaves 

showing line-pattern on to C. Amaranticolor plants which 

became infected with sMV-H (confirmed serologically), 

indicating that infectivity test is more sensitive than 

gel-diffusion serology. Of the 30 plants that remained 

symptomless, 22 were infected with AMV-H and 8 plants were 

not infected. 

Necrotic ringspot virus (NUSV) was absent from all 

the test plants that showed nettlehead or line-pattern 

symptoms when assayed on cucumber, indicating that the 

nematodes did not transmit this virus, which was present 

in the infector plants. Also, NhV was not implicated in 

nettlehoad as line-pattern disease. 

ffoct of number of X. dixsulstuda$32 on the transmission 
of AMV-H ana nettlehead disease.- Jha and Posnette (1961) 

showed that one adult X. diversicaudatum could transmit tne 

type strain of arabis mosaic virus (MW-?) and that approxi-

mately one-third of the nematode population, fed on strawberry 

infected with arabis mosaic, infected petunia test plants. 

Table 13 shows the effect of number of X diversicaudatum on 
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the transmission of AMVeH and nettlehead using 

C. ameranticolor, C quinoa and hop as test plants. The 

'blade box Xiphinema' used for these tests were sieved out, 

hand-picked in lots of 1, 5, 10, 25, 50 and 100 and trans- 

ferred to the test plants in egg cups containing 2:1 steamed 

soil-sand mixture. The nematodes used at rates 1, 5 Ana 10 

per plant, including those in the non-infective controls, 

were adults only; those used at the other rates consisted 

of 5O adults and 50% larvae (L3, L4). '‘fter 3 weeks of 

transmission access feed, the test plants were transferred 

to pots of steamed soil to allow further root growth and 

virus multiplication, for 5 weeks each -for C. amarantieolor 

or C. quinoa, and 17 weeks for hop, before the roots were 

assayed on C. amaranticolor indicators. The virus in 

systemically-infected indicators was confirmed by gel-diffusion 

serology. 

Two out of 8 of the C. quinoa test plants inoculated 

with one adult nematode each were infected with AMV.H. No 

transmission occurred on either C. 	arantic( for or hop 

inoculated with one nematode. At 5 nematodes per plant, 

transmission of AMV-H was obtained in all three species of 

test plants, with 12.5% infection of C. amaranticolor, 

of C. quinoa and 62.5 of hop; transfers at the seem rate 

zave 12.5,u transmission of nettlehead. The low transmission 

rate of ANV-L1 to C. amaranticolor was possibly due to poor 

growth of the test plants resulting froul inadequate lighting 

in the greenhouse during the test in December to January 

rather than to inherent resistance. Transmission of either 

AUV-H or nettlehead at 25 nematodes per plant was about as 
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Table 13. Effect of number of Xiphinema diversicaudatum 

on the transmission of AMV.1-1 and nettlehead 

ematodes 
per plant 

Test plant infected out of 8 

Chenopodium Chenopodium tumulus lupulus 
amaranticolor cjuinoa ,V;11-11 Nettlehead 

1 0 2 0 0 

5 1 4 5 1 

10 2 Not done 6 1 

25 3 7 8 3 

50 2 7 3 

100 2 6 7 1 

0 0 0 0 0 

100 
Non-infective 	0 0 0 0 
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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 Keyworth 

and Paine (1950, was that hop plants do not usaally show 

symptoms 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 plants, as well as those obviously infected. 

To determine how soon AW-U, transmitted by 

X. diversicaudatu  to young hop seedlings and three species 

of Chenopodiaceae, would move to and be detectable in young 

leaves, infectivity tests to C. amaranticolor  or serology 

tests were made at intervals (fable 14). Growth was 

stimulated by repotting the test plants in steamed compost 

and periodic pruning. In the first test on C. euinoa,  A?1V-H 

was not detected in either serology or leaf infectivity 

tests made at 	11, 15 and 19 weeks after nematode inocula- 

tion. In the sc,cond test, however, infection was detected 
nem tode- 15 weeks after sainoculation, presumably due to the colder 

temperature in December, in contrast to the summer temperatures 

during the first test. The virus was detected in the leaves 

of C. album and 'triplex patula  by infectivity tests done 

i6 weeks after nematode inoculation. In Test 1 on hop, AMV-1i 

was not detected in gel-diffusion serology carried out 21 

weeks after nematode inoculation; positive reaction was 

obtained in all test plants after 40 weeks when serology was 

conducted on new growths after c.;iiiing in a cold room. In 
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fable 14. Interval between inoculation with 

high nema  diversicaudatum and detection of AMV.11 

in youngest leaves 

Host species 
Nematodes 
inoculated 
(1970) 

eaction and test 
interval (wigs.) Infection 

rate 

   

    

    

      

Chen000dium quinoa 

Test 1 	Jan. 1 1') 22 8/10 

Test 2 	Fept. 3 10 15 8/15 

Chenopodium album 	Au. 25 9 16 5/6 

Atriplex patula 	Aug. 25 9 16 4/6 

iiunulus lupulus 

Test 1 	April 21* 21 40 20/20 

Test 2 	Sept. 21t  22 27 5/6 

•Chilled in cold store for 14 weeks. 

ttregetative 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 green-

house, the virus sas detected serologically 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 restricted in contrast to the relatively rapid rate of 

c:ownward movement from inoculated leaves. 

Transmission of AMV-H to weeds and to virus indicators.- 

The ability of vector nematodes to survive long periods 

without food and their polyphagous nature not only ensure 

their survival in soils but also the perpetuation and spread 

of the viruses they transmit (larrison, 1964; Hurant, 107c). 

Legg (1964) sapeinoculated 2; herbaceous species of virus 

indicators and weeds with extracts of nettlehead-diseased 

hops, but failed to detect any virus specific to nettlehoad. 

Using some of the indicator plants tested by Legg, Bock 

(1966) reported C. arm. aLlausakm and C. guinea as apparently 

the only hosts of AMV.H, which he isolated and identified 

from both nettlehead-diseased and some symptomless hops. 

In my attempts to find better indicators for use in nematode 

transmission experiments and to establish the role of weeds 

on the ecology of AMV-H, I evaluated some of the plants 

tested by Legg (1964) and by Bock (1966) along with weeds 

considered by A.D.A.S. hop specialists, N. Moss and C.D. Reekie, 

to he common in hop fields. This was done both by manual 
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inoculation and with X. diversicaudatum, using the NMV-11 (S) 

isolate. Virusefree seeds of weeds belonsing to seven 

families, viz., Caryophyllaceae, Chenopodiaceae, Cornpositae, 

Gramineae, Onaraceae, Polygonaceae and Urticaceae, collecte 

at East Melling esearch Station were used. All species, 

except those with narrow leaves, such as Anthemis cotula, 

eatricarie matricarioides, isz)a annua and Stellaria media, 

were inoculated with sap from shoots or roots of infected 

C. amaranticolor. Inoculation by hand-picked X. diversicaudatum 

as clone at the seedline stage in egg cups, containing 2:1 

soil-sand mixture, at 60 adults and larvae (L3, L4) per 

plant. At least three inoculation trials were made on the 

test species that gave negative transmissions (Table 15). 

Table 15 allows eieht new hosts of Anv.H, viz., 

Chenopodium album, C. mural°, Nicotiana clevelandii, 

Atriplex patula, Senecio vulgaris, Cirsiurn arvense, Fraearia  

vesca and Petunia hybrida; all were infected by means of 

X. diversicaudatum and six were also infected by sap- 

inoculation. Amon; the weeds, C. album, A. patula and 

S. vulearis were equally susceptible to AMV-U. No infection 

was obtained in repeated sap-inoculations of P. hybrids, 

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 containing 

infective X. diversicaudatum. Thomas (1970) reported S. media, 

annum and 	matricarioides as hosts of the type strain 

of arabis mosaic virus, but repeated tests using eMV.H were 

unsuccessful, thus providing additional evidence of strain 

differences between eNVeli and AMV-,T. -Vise roots of :,umkee 



Number infected by 

Sap.inoculation, 
out of 3 

Xiphigema, 
out of 12* 
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rable 15. Transmission of MV-11 to some virus indicators 

and to weeds common in hop fields 

(LOSS.) 

Test plant* 

Chenopodium quinoa Willd. 

C. amaranticolor Costa 6, 1,1syn. 

C. mural° L. 

Nicotiana clevelandii Gray 

Petunia hvbrida Vilrn. 

rrawia vesca L. 

Atriplex Initula L. 

Chenopodium album L. 

H;enecio vulgaris L. 

Cirsium arvense (L.) cop. 

Anthemis cotula L. 

EalpguEll adenocaulon Bausskn. 

Matricaria rnatricarioides  

Poa annua L 

Rumex obtusifolius L. 

Stellaria media (L.) Vill. 

Taraxacuin officinale '.eber 

Urtica urens Ls 

8 

8 

8 

0 

8 

8 

12 

7 

10 

12 

12 

6 

10 

8 

11 

6 

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

N infection after three trials. 
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obtusifoliue, when sap-inoculated to C. ariaranticolor, 

caused severe phytotoxicity on the rubbed leaves, resulting 

in scorching and eventual defoliation; the addition of 

phosphate buffer or polyetylene glycol was of vary little 

help in reducing the damage. 

Transmission of OlVeH through seed.. seed transmission 

of AMV.H was obtained in Chenopodium album, C. quinoa and 

triplex patula plants that were inoculated at the seedling 

stage either with infective X. diversicaudatum or with 

infective sap (Table 16). In C. album infected by nematodes, 

the percentage of seed transmission based on 30 seedlings 

per plant of 5  plants tested, ranged from 36.7% to 70% 

(mean 54.5%). In two plants infected by sap-inoculation, 

seed transmission averaged 66.7% and inoculated 

C. amaranticolor indicators showed more severe systemic 

symptoms, sugesting a higher concentration of virus in the 

seeds compared with the seeds of plants infected by nematodes. 

These results approximate to the 80% seed transmission 

obtained by Lister and urant (1967) on C. album sape 

inoculated with AMVeT. Seeds harvested from C. quinoa or 

•patula plants infected by nematodes gave 13.3% and 30 

infection, respectively. 

in a test on volunteer Fuggle hop seedlins collected 

at first true-leaf stage from around hops showing bare bine 

symptoms at Bomford Farm, -orcesterehire, on 7th :Jay, 1969 

and planted in rots of steamed soil, gel...diffusion serology 

gave a positive reaction on 7 out of 12 plants tested. fitese 

results, supported by the absence of X. jiversicaudatum in 

soil samples obtained from this sites  gave additional evidence 

that ,VIV.H is transmitted through the seed of hops. 
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Table 16. Transmission of AWl-Il through mood 

of infected plants 

Plant No.* % infected seedlins (out of 30) 

Chenopodium 

1-x 53.3 

53.3 

4-x 60.0 
1 	v 70.0 

12-X 36.7 

1-5 76.7 

6-s 56.7 

Chenopodium quinoa  

M-X 	 13.3 

Atriplex katula  

M-X 	 30.0 

*Plants were infected by Xiphinema diveraicaudatum (X) 

or by sap-inoculation (S) at the first true-leaf and 

at the 6-leaf stage, respectively. 



71 

Persist arvednematodes.- Studies on 

the persistence of AMV-T in starved X, diversicaudatum by 

Jha and Posnette (1961), Harrison and Anslow (1961) and 

Taylor and Thomas (1968) showed that the nematodes remained 

infective for 30, 24 and 112 days, respectively. The results 

of an experiment, conducted from April, 1970 to February, 1971 

on the persistence of AMY-41 in starved X. diversicandatum, 

are shown in 'fable 17. The nematodes used in this study 

were 'Nettlehead soil box Xiphinema'. The soil was crumbled 

and mixed thoroughly by hand and all the hop roots were 

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 

C, euinoa test plants either separately as adults (Al)) or 

larvae (L3, Let) 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 system of each bait plant 

was washed free of soil and nematodes, ground with Celite 

and inoculated to LA.0 amaranticolor indicators. The virus 

in plants showing systemic symptoms was confirmed by gel. 

diffusion serolcs;y. 

Table 17 shows that ANY-H was retained by adult 

X. diversicaudatuml  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 lers-th of starvation period, from 90% in the initial 

test to 	after 36 weeks. The low percentage of 
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Table 17. i'ersistence of AMV.V in 

Xphinema diversicaudatum  in fallow soil 

Starvation 
period 

stage of 
nematode 
inoculum 

C. ouinoa test plants 

Transmission 
rate 

0* ADIL3,L4 9/10 50.0 

8 AD,L3,1,4 8/10 80,o 

25 AD,L3,L4 3/12 25.0 

29 AD 7/16 43.8 

1.30,4 3/8 37.5 

32 AD,L30.4 3/8 37.5 

36 AD 2/15 13.3 

L5,144 0/15 0.0 

44 AD 0/12 0.0 

1,3,1,4 0/12 0.0 

*Initial test made on April 11, 1970. 
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transmission during the third test interval at 25 weeks was 

probably due to poor growth of the bait plants rather than 

to decreased infectivity of the nematodes. Transmission 

with larvae was obtained after 2) weeks of starvation, but 

the percentage was lower than with adults. 

Attempted transmission of AMV-T to hops.- Attempts 

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

intervals, to transmit aMV.T to hop by X. diversicaudatum. 

In both tests, the infective nematodes, which had had an 

acquisition access feed of 3 months on infected Fetunia  

hybrida, were sieved, hand-picked and transferred at 100 

adults and larvae (Li, L4) per Fuggle hop seedling at the 

cotyledon stage, using the egg 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 soil and nematodes, ground with 

Celite, and inoculated to Q. quinoa. No infection occurred 

in either experiment of 10 replicates. 

The nematode inoculum in the first experiment was 

re-sieved after the 6-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. 9ninoa. Al/ 10 plants were 

infected and reacted in gel-diffusion serology tests, 

indicating that the nematodes were still infective with 

AM V-?. 
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DISCUSSION 

Although there is considerable information about the 

ecology and virus-vector relationships of X. diversicaudatum 

and the type strain of arabis mosaic virus (.MY-T) Whet and 

Posnette, 1961; Harrison and 4inslow, 1961; Taylor and 

Thomas, 1968), virtually none is available about the 

relationships of this vector and the strain of ;NY that 

is present in hops (A V H). The reason is apparently not 

due to the lack of economic importance of the problem, 

because the seriousness of nettlehead has been realized by 

hop farmers since 1894 (Keyworth and Paine, 1950), but due 

mainly to the difficulty of working with a very mild strain 

of AMV. ividently, temperature is the most critical factor 

governing symptom expression of ANV-H in Chenopodium 

amaranticolor indicators and of nettlehead disease of hop. 

Thus, no symptoms of AMV-H 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°C. Similarly, hops infected 

by hand-picked X. diversicaudatum developed nettlehead or 

line-pattern symptoms by February orrch when kept in a 

greenhouse at 18°C. However, when the temperature began 

to fluctuate from 17-28°C, in early April, the symptoms 

were masked and test plants showing severe nettlehead 

subsequently grew more vigorous, with large, normal leaves; 

a similar phenomenon was reported by Reyworth (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 Popham, 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 vascular 

region. Schindler (1957) was the first to establish the 

production of root galls as a result of feeding by 

X. diversicaudatum, on roses and peanut; later, galls were 

also observed on roots of plants infected with AMV-T by 

Harrison and Uinslow (1961), Thomas (1970) and by Taylor 

and Thomas (1968). In the present study, hand-picked 

X. diversicaudatum caused root galls of various Si:64)S and 

shapes in several weeds and virus indicators, but not in 

hops. 

In studies on the vertical distribution of 

X. diversicaudatum in root observation boxes, made 6 months 

after planting the hops, there was an apparent increase in 

the number of lAs and adults with increasing depth, 

indicating a relationship with root concentration. The 

decrease in the number of X. diversicaudatum inside the 

root-free soil cylinders, accompanied by an increase in the 

number outside that were exposed to roots, which occurred 

in samples taken 6 months after planting the hops, but not 

after 3 months, indicates some deree of attraction by the 

hop roots as well as indicating the length of time that it 

took the nematodes to cover the 12 cm distance between 
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samples. These results approximate to the rate of spread 

of X. diversicaudatum  in an uncultivated woodland soil, 

calculated by Harrison and inslow (1961) as 1 foot per year. 

evidently, 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 roots of more 

suitable but shallow-rooted annual weed hosts. :`More probably, 

the nematodes found at such depths survive on hop roots 

which, during sampling studies, were found as deep as 90 cm. 

The distribution of d. diversicaudatum in a hop field 

with much nettlehead disease was patchy and erratic; often 

fewer were obtained from soil around plants showing an 

advanced stage of the disease. There were more nematodes 

in sites 30 cm from the hop plant than at 90 cm away, either 

between rows or between hills. The greatest density found 

was at a depth of 11-30 cm and although numbers decreased 

with increasing depth and distance, enough to cause virus 

infection was still present at 79 cm depth and at 90 cm 

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 numerous tests with adults and larvae, 

X. diversicaudatum has been shown to transmit AMV-41 to hop 

and to C. guinea bait plants. Using hand-picked 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 
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(Keyworth and Paine, 1950) have been proved right and the 

long search for its natural vector has finally succeeded. 

However, whether other viruses, such as one causing line-

pattern, have been transmitted by the nematodes, besides 

AMV-H, must be determined by future research. Of the 40 

plants inoculated in one test, 32 were infected with AMY-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 temperatures 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). 

However, in inoculation trials with purified virus prepara-

tions from nettlehead-diseased hops, it is usual for only 

some of the seedlin,;s 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 Xlphinema and may be due to seedling variation. 

Alternatively, krAr-u and a second virus may be reseonsible 
plants 

for nettlehead, those/infected with AMV.41 or the second 

virus alone showing no symptoms. This possibility was first 

suggested by Legg (1961, 1964) who showed that a virus from 

symptomless Early Prolific hops which he named 'hop latent 

virus X' increased the sensitivity of Fuggle and Bramlin;3 

plants to nettlehead, inoculated by grafting. 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,t, Cockerel' and its commercial derivatives%  College 

Cluster and Keyworth's Midseason. He also obtained evidence 

that it was soil-borne and renamed it 'hop line-pattern 

virus' (HLPV). Subsequently, however, HLPV was considered 

a synonym Bock's (1966) AMV.H (Martyn, 1968). Perhaps, 

the seedling 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 designated 'N' 

by Legg (1964a). Its nature remains uncertain but it is 

definitely not necrotic ringspot virus (N,ZSV) as believed 

by Bock (1966), because healthy meristem and seedlin hops 

that developed nettlehead in the field or after inoculation 

in the glasshouse, were shown to be free of NRSV when assayed 

on cucumber (anon, 1967, 1968). Further, all the plants 

shoring nettlehead or line-pattern symptoms in my trans-

mission experiments were also free of NRSV. The fact that 

X. diversicaudatum transmitted nettlehead shows that the 

'N' virus component (heeg, 1964a) is nematode-transmitted 

and it may be an unidentified NEPO-virus because purified 

concentrated preparations from some nettlehead sources now 

available contain only polyhedral particles when examined 

with the electron microscope (Thresh, personal communication).  

However, nettlehead preparations failed to react with 

antiserum to raspberry rinspot virus, strawberry latent 

ringspot virus, cherry leaf roll virus, tobacco rinspot 

virus, tomato ringspot virus (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-H, 
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The finding that AW-H is seed-borne in hop is 

important to the researcher -Tho must ensure that hop 

seedlings intended for experiments are virus-free. To the 

grower, this finding may be only of academic interest, 

since volunteer 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 production of infective 

diversicaudatum when they happen to grow 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, 1970), hence, under this situation (i.e. 

hedgerows including seedlin3- hops) multiplication and survival 

of both virus and vector are assured. Discounting the 

possibility that sane of the true hedgerow plants are hosts 

of AiV-i1, just as some are now known to be hosts of AMV....T 

(Thomas, 1970), these volunteer hops infected through seed 

may explain the reported prevalence of nettlehead along the 

sites of old hedgerows (Duffield, 1925; Keyworth and 

Hitchcock, 1943; Keyworth and Paine, 1950), 

Tables 8, 15, 16 and 17, which show the host range of 

X. diversicaudatum and 	as well as the persistence of 

the virus in the nenatode vector, indicate how both virus 

and vector may survive, multiply and spread in hop fields. 

In Table 8, 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 10—week period. 



80 

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 apparently overcome 

satisfactorily 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 

host such as Petunia hvbrida was observed to be complete 

in 5-6 weeps, based on counts of larvae and uterine eggs. 

The inference from my work is that X. diversicaudatum  

in hop fields multiplies primarily on weeds such as 

Stellaria media, Senecio vulAaris, 	annua and Sonchus  

oleraceus, although the other weed species and hop may be 

involved in the maintenance and survival of both vector and 

virus. The practical significance of the four species of 

weeds found to be hosts of ANV-11, viz.1  Chenopodiumn album, 

:triplex patula, !,enecio vulgaris and Cirsium arvese, in 

the field spread of other diseases associated with arabis 

mosaic virus, needs to be assessed in future research. 

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 	patula, infected at 

seedling stage with hand-picked X. diversicaudatum, at an 

averae rate of 54.6% and 30%, respectively. Lister and 

Murant (1967) reported 0;, seed transmission of ANV-T in 

manually inoculated C. album, while in seeds of S. yulAaris  

collected from mature plants in the field, Taylor and Thomas 
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(1968) found 2: seed transmission, in my tests on C. album 

sapeinoculated with AMV-H at seedling stage, T obtained an 

average seed transmission rate of 66.7. it is not yet 

known whether A/TV-H is also seed-borne in 	vulgaris  or in 

C. arvense)  however, among the four new weed hosts found, 

S. vulgaris  proved most suitable for the nematode vector 

and has seeds equipped with better means of dispersal than 

either C. album or A. patula.  Although C. 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, AMV-H was found to persist in . diversicaudatum 

kept without plants for 36 weeks in adults and 29 weeks in 

larvae. The mechanism of virus retention was suggested in 

electron microscope studies of nematodes fed on AtV-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 virus particles and the stylet guiding sheath 

(Taylor and Robertson, 1969). On present evidence)  the 

persistence of AMV.H in X. diversicaudatum is of longer 

thiration than that reported 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 

Haski and Hewitt (1963) (4 months). However, they are 

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

that populations of X. diversicaudatum remained infective 
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with AMV.T for 8 months when cultured in soil containing 

Melling Jewel raspberry plants immune to infection. 

Although sap-inoculation failed, AMV.11 was successfully 

transmitted to Fragaria vesca and Petunia hybrida by 

X. diversicaudatum. However, repeated attempts to infect 

other known hosts of AMV.T, viz., S. media, P. annua, 

Taraxacum officinale and Natricaria  matricarioides (Taylor 

and Thomas, 196(L) failed, as did two attempts to transmit 

AMV-T to hop. These differences in host range, symptomatolou 

and serological reactions confirm the basic strain 

differences between AMV-T and AMV-H first shown by Bock 

(1966). 

pparently, the current commercial hop cultivars were 

bred and classified m4inly on the bases of sensitivity to 

wilt (Yerticillium albo-atrum) and the aphid-transmitted hop 

mosaic and lately on alpha acid content. since AMV.H is 

common to bare bine, split leaf blotch and nettishead 

diseases, all widespread throughout hop-growing areas in 

)rigland, it milt be well to give emphasis to breeding for 

resistance and/or tolerance to this virus and its vector, 

diversicaudatum. Total elimination of virus reservoirs 

is not feasible or practicable as an approach to control 

considering the extent of distribution of ANY-U, but it is 

possible to minimize the spread and multiplication of the 

virus ands  hence, loss by (a) planting A4V-free 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-borne. In areas 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 

diseased plants and replanting them with healthy stock. 

The use of soil fumiants to eliminate X. diversicaudatum 

in old infested sites seems promising, but whether it 

would be effective and economical in the long term, 

considering the heavy soil types on which most hops are 

grown and the depth (90 cm) 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 Headcorn and at Horsmonden in lent 

and at nosemaund Lx-,erimental Husbandry Farm, Herefordshire, 

that autumn application of a mixture of dichioropropene and 

dichloropropane (1D) at 50-75 gal./ac. gave good control 

of the nematodes and halved the incidence of virus diseases 

due to ANY-H. 
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PART II 

TRANSMISSION OF RASPBERRY RINGSFOT VIRUS AND ARAPI`s, MOSAIC 

VIRUS BY LONGIDORUS CAESPITICOLA HOOPER, LONGIDORUS  

LEPTOCEPHALUS HOOPER AND XIPHINEMA DIYERS1CAUDATUM (MICOL.) 

INTRODUCTION 

Three species of longidores, viz., L. elongatus, 

L. macrosoma and L. attenuatus, are now well known as vectors 

of the •Snglisht and 'Scottish' strains of raspberry ringspot 

and tomato black ring viruses (Harrison, 1962, 1964; Taylor, 

1962, Harrison, Mowat and Taylor, 1961). However, the 

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

never been implicated as vectors. They were first described 

by Hooper (1961) in soil samples from strawberry, blackberry, 

cherry and ;x..assland. Attempts to transmit tomato bl.ck 

ring virus with either nematode failed in spite of their 

occurrence in large densities in the soil (Van Hoof, 1966). 

Although NEPO-viruses often share common host rlents, 

nematode transmission appears to be characterized by marked 

specificity. Thus, Dias and Harrison (1963) failed to 

transmit, with. Xiphinema diversicaudatum, ;.7apevine 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 

serologically distinguishable strains of tobacco ringspot 

virus simultaneously with single specimens of X. americanum. 

The same vector species also transmitted both the type strain 

and the serologically distinct grapevine yellow vein strain 

of tomato ringspot virus (Teliz, lrogan and Lownshery, 1966). 
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More recently, Taylor and Nurant (1969) successfully 

transmitted English strains of raspberry ringspot virus 

(1111V.E) and tomato black ring virus (TBEV-E) with 

L. elonotul in addition to the Scottish strains of both 

viruses with which the nematode is normally associated. 

Five other isolates of both viruses, including a Dutch 

isolate of RCN and a German isolate of MIN', were also 

transmitted. 

The ability to transmit two serologically unrelated 

NLPO-viruses by one nematode species was demonstrated by 

Lister (1966) using arabis mosaic virus and strawberry 

latent ringspot virus and X. diversicaudaturn. Taylor (1967) 

obtained simultaneous transmission of IdAV and TBRV with 

elonatus to Stellaria media, but not to Fraoariq yeeal 

3rassica rape, var. latite Globe and Lolium perenne. 

Fritzsche and Kegler (1967) report©d 5-10% transmission of 

an isolate of RkV from sweet cherry infected with iTeffinger 

disease by X. diversicaudatum, in contrast to 6o-8o% trans-

mission of a similar isolate by L. macrosoma. The 

experiments described here report (1) transmission of aftV.E 

by L. caospiticola and L. leptocephalus and their depth 

distribution in a hop soil, (2) transmission of ARV  .E by 

X. diversicaudaturn and persistence of the virus in the 

vector, and (3) simultaneous transmission of RRIT.E and 

by • diversicaudatum and L. cans2iticol  • 
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MATE:RIALS AND METHODS 

Viruses.- (1) Raspberry ringspot virus, 'English' 

strain (RRV.E) - stock culture originally isolated from 

blackberry var. Himalaya Giant, kindly supplied by 

Dr. C.E. Taylor, Scottish Horticultural Research Institute, 

(2) Arabis mosaic virus, (AMV-T) . isolated from strawberry, 

kindly supplied by Mr. 7.J. ermerod, Past Melling Research 

Station. Roth viruses were maintained in Petunia hybrida 

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 soil was studied by the methods described in wart I; 

X. divorsicaudatum was obtained mainly from woodland soil 

at High Halstow, Rent, and some from the llorsrnonden hop 

soil. ii,xtraction of the nematodes was done using 1legg's 

dish technique (Flegg, 1967. Tests with representative 

hand-picked nematodes of each species inoculated to healthy 

petunia bait plants showed that they were non-infective. 

Infective nematodes carrying either or both viruses were 

raised on petunia grown in a 2:1 steamed soil-sand mixture 

in 20 ml clay pots with drain hole plugged with plaster of 

Paris. This was done by transferring the nematodes, 

collected after 24 hours extraction time for the sluggish 

Loneidorus app. 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 
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eith ARV-L; and the time before which severe systemic 

symptoms occur was extended, tiereby enabling the nematode 

to feed longer on infected, but still =rotted, roots. A 

typical source plant used for rearing infective nematodes 

is shown in Fig. 1. in the case of the mixture of both 

viruses, the source plants were inoculated with itilV-E one 

wee earlier than with AMV.T, in an attempt to create equal 

de,z,ree of infectivity with both viruses, particularly in 

A. diversicaudatum, where preliminary results showed that 

AMI/e4 was more readily trans,sitted. After 5 weeks of 

acquisition access feed, the nematodes were re-extracted, 

hand-picked and transferred to healthy petunia test seedlings 

in egg cups at the rate of 50 adults or larvae (L3, L4) 

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 Chenopodiurn quin.os Willd., on which 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 nomcttodes, ground with Celite 

and inoculated to C. quinoa or A, hvbrida indicators. The 

identity of the virus in systemically-infected plants was 

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

of antiserum to illtV.S or ANV-T. 

Persistence of RRV-S in sLarr2ci - 

In view of the unusually high rate of transmission, a test 

on the persistence of the virus in the nematode was made 

in an attempt to obtain some indication of the mechanism 

of virus retention. Infective nematodes were produced on 
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Fig. 1. Systemic symptoms of RRV-E in Petunia hybrida 
growing in small clay pot used for producing 
infective nematodes. 



89 

hvbrida 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 each 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 C. 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. cAesniticoie 

and L. 12212222hAlaa in hop soil.- 	shown in Tables 1 and 

2, L. caespiticola was found at all sampling, depths from 

11-79 cm. However, peak populations, which were remarkably 

uniform at all three distances (0, 45, 90 cm) from the hop 

plant, occurred from 26-.34 cm deep, where 56.7% of the total 

were situated. The 2.5:1 ratio of larvae to females was 

similar at all depths. Based on the total population in 

180 samples taken at the various depths and distances, 

there were 	more females than males; and 7.9% Ll and 

46.7: L4 in September, when the samples were taken. In 

relation to distance from the hop plant, most of the nematodes 

occurred at 45 cm (59.4:), compared with 35,55, and 25.1% 

at G cm and 90 cm, respectively. 

L. leptecet)halus, with a population density half that 

of L. caespiticola, was also found at 11.79 cm deep. The 

highest number occurred at 56-64 cm depth, mainly because 

of an abnormally high count in one replicate (Table 3). 

The nematodes were most dense at the 90 cm distance (52.L), 

compared with 22.4 and 25.5:L at 0 cm and 45 cm from the 

hop plant. No males were encountered during the Septemher 

sampling, but a few were found when the same area was 

sampled in December. The average ratio of larvae to females 

was 1.8:1; 50: of the females were found at 11-19 cm depth, 

nevertheless, this gave the lowest ratio of females to 

larvae, suggesting that a hih mortality occurred due to 

more severe environmental fluctuations. 
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Table 1. Vertical and horizontal distribution of 

Lormidorus caespiticola in soil under hop plants 

(Horemonden, Kent, September, 1969)* 

Depth 
(cm) 

Distance from hop (cm) 
Totals 

0 if 5 90 

11-19 	1 6 4 	14 

26-34 	10 12 11 	33 

41-49 	7 11 5 	23 

56-64 	6 4 1 	11 

71-79 	if 1 1 	 6 

Totals 	31 34 22 

*; can of 12 z 200 ml samples in 6 replicates. 



Table 2. Population structure (%) of Longidorus caesniticola 

in relation to depth in hop soil 

(Horsmonden, Kent, September, 1969).0  

(11101.1•••••••■•••■■■■•■1111■■• 

Totals 
Oopth 
(cm) 

• 

Growth stage 
• • 

LI. L2 T L4 

11-19 1.3 5.4 1.2 0.4 0.2 3.1 	16,6 

26-34 4.6 8.9 2.4 0.8 0.7 19.3 	36.7 

41-49 4.4 5.6 3.4 0.7 1.7 10.4 	26.4 

56-64 2.7 2.6 0.9 0.3 1.3 5,7 	13,5 

71-79 1.8 1.7 0.0 0.0 0.1 3.2 	6.8 

Totals 14.8 24.4 7.9 2.2 '.0 46.7 	100 

'Based on total counts in 180 x 200 ml samples taken at 

0, 45 and 90 cm distances from hop plant. 
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rabic 3. Vertical and horizontal distribution of 

LongAdorus leptocephalus in soil under hop plants 

1969)* (Horsmonden, Kent, September, 

Depth 
(cm) 

Distance from hop (cm) 
Totals /0 of total 

populationt 45 /", 

11-19 	1 4 	20.5 

26-34 	3 3 3 	9 	25.5 

41-49 	3 2 7 	20.5 

56-64 	1 2 8 	11 	29.6 

71-79 	0 0 1 	1 	3.9 

Totals 9 1), 	100 

*Neon of 12 x 200 ml samples in 6 replicates. 

tIased on total counts in 180 x 200 ml sancies. 
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Symptoms of feeding by L. caespiticola and L. le)toceohalus 

Petunia hybrida,  Poe annua, Stellaria media, Senecio vularis 

and Fray;aria  vosca, grown in a steamed soil-sand mixture in 

20 ml clay pots, were infested with hand-picked L. caespjticola 

to determine whether it produced root galls. Only P. hybrida 

was infested with L. leptocephalus. After an access feed 

of 5 weeks, the roots were washed carefully, stained in acid 

fuchsin.aactophenol (loodey, 1963) and galled portions of 

the roots were selected under the binocular microscope and 

photographed in clear lactophenol solution contained in a 

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

L. leptocephalus on P. hybrida were smaller than those caused 

by L. caespiticola. On 1 annual  the galls produced by 

L. caespiticola were similar to those produced by L. elongates 

(Thomas, 1969), but on S. media  P. hybrida and S. ynigariA, • 
OWN 	■•■•••••■■••■•■■■ - 

the  root galls formed by X. diversicaudatum were bigger and 

differently shaped (See Part I). 

Transmission of RRV.. by L.  ,comespitic01“- 	ur separate 

experiments were made using 1. hybrida as test plant and, in 

all, the nematode inoculum consisted of a mixture of adults 

and larvae. In .xperiment 1, bait 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. fable 4 shows that 80: transmissions were obtained 

in each of two tests; however, in dxperiments 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 	3. Transmission 

to F. vesca, P. annua and S. media were also obtained. All 
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2. Galls caused by Lonsidorus caespiticola  on roots 
of (A) Petunia Iybrida.  (B) Senecio  vu1;7aris, 
(C) Poa annual  (D) Stellaria podia, (E) 
Fraf,aria vesca. 
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Table 4. Transmission of RRV.E by Loneidorus cetespiticolst 

Test plants fransiaission rate 

  

Petunia, hybrids Vilm. 

Expt. 1 8/10 

Expt. 2 2/10 

Expt. 3 3/10 

Expt. 4 8/10 

Control (no virus, no nematodes) 	0/38t 

Control (no virus, with nematodes) 	0/10 

Fragaria yeses L. 	 3/10 

Poa nnua L. 	 4/8 

t-:tellaria media (L.) Viii. 	8/9 

*Numerator is the number infected, denominator is the 

number of plants exposed to infection. 

tCombinad totals of four experiments. 
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Fig. 3. Necrotic primary lesions and systemic infection 
caused by RRV-", on Chenopodium quinoa: 
(C) healthy control, (LC) transmitted by 
Longidorus caespiticola, (R-E) infected control, 
sap-inoculated with isolate of RRV-E. 
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were inoculated in small clay pots, using small rooted 

propagules of F. vesca or .1eat stare seedlin5s of the weeds, 

at 30 adults and larvae per plant. The roots of F. vesca 

were ground in phosphate buffer (1:5 w/v) to connteract 

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

All the uninoculated control plants provided in each test 

remained healthy. 

Effect of numbers of L. caespitisol  on the transmission 

of RitV..E... Table 5 shows 	and 100 transmission at 15 

and 30 nematodes per plant, respectively, but none occurred 

at one and 5 per plant. Apparently, no tests on the minimum 

number required to achieve transmission among previously 

known vector species of )....onxidorus have been published. 

ilowever, 0ebrot t1964) obtained transmismions in 4 out of 

b plants inoculated with L. macrosoma at the rate of 20 per 

plant. 	imi1ar1y, Fritzsche (1966) reported W, and 75, 

transmission of frespenmosaik virus by adult L. macrosoma  

at 20 and 50 nematodes per plant, respectively. 

Transmission of aRV-E by L. I:kJ...Tsza:2ga.- Three 

transmission experiments, done in a similar manner as those 

with L. caespiticola, were conducted to determine whether 

L. lentoceyhalus could transmit 	V-E. In the first two 

tests, each with 8 plants and performed concurrently with 

xperiments 1 and 2 on L. caespiticola, the nematodes were 

transferred at 25 adults and larvae per plant; the results 

of both were negative. In Experiment 3, however, where 40 

nematodes per plant were used, transmission occurred to 5 

out of the 10 plants inoculated. The virus in the infected 

plants was checked by gel-diffusion serology. 
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Table 5. A.fiect of number of Longidorus oaespjAieola 

on the transmission of Alt-.1!: 

1 

5 

15 

30 

0 



Transmission of RRV-E byILAlKA&Alstalligmlimia.- In 

1,xperiment 1, the drastic effect of virus infection reduced 

root growth, and when the nematodes were re-extracted and 

transferred to petunia at 60 per plant, only 16.2A were 

infected (Table 6). However, similar infective nematodes 

transferred at 50 per plant infected 70 and 8c of the 

test plants in Experiments 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. quinoa indicators in Experiment 2 were ground 

with Celite and inoculated to V. hybrida and C. umaranticolor; 

typical systemic symptoms were produced in the former and 

characteristic local lesions were formed in the latter, 

thus confirming the results obtained from serology tests 

of the leaves. 

Persistence of RRV-E in starved 	diversicandatum.- 

All plants were infected by either adults or larvae at 

per plant 16 and 26 days after cutting the tops of the 

source plants (Table 7). No transmission occurred after 

40 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 ANV-T by 

X. diversicaudatum and L. caespiticola.- In three experiments 

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

1.;xpt. 
No. 

Nematode Transmission 
rate* Per 

plant Stage 
A.11. 

1 6o AD,L3,L4 2/11 18.2 

2 50 AD,L3,L4 7/10 70.0 

3 50 AD,L3,L4 12/15 80.0 

3 50 AD 6/l0 6o.0 

3 50 L30,4 8/8 100.0 

Control 100 AD,L3,L4 0/10 0.0 

e 0 - 0/30t 0.0 

'Numerator is the number of Petunia hybrida bait plants 

infected, denominator is tie number of plants inoculated. 

tCombined totals of three experiments. 
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Table 7. Persistence of 	in starved 

Xiphinema diversicaudatum 

Starvation 
period (days) Nematode stage P. hybrids bait plants 

infected out of 8* 

   

	

16 	AD 
	 a 

	

16 	L3,L4 
	

8 

	

0 	AD,L3,L4 
	

a 

	

26 	AD 
	 a 

	

26 	L3,L4 
	

8 

	

4o 	AD 
	

0 

	

40 
	

0 

	

51 	Al) 
	

0 

	

51 	L3,L4 
	

0 

	

0 	AD,L30,4 
	

8 

*All uninoculated check plants during each test interval 

remained healthy. 
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L. caespiticola, simultaneous acquisition and transmission 

of :dnr-h and AV-T sere obtained (Table 8). All 48 petunia 

test plants became infected with AMV-T and 14.6% with RRV.E. 

after infestation by Xe  diversicaudatum, indicating that 

the former was more readily transmitted than the latter. 

In the case of L. caespiticola, however, RRV-E and ANV-T 

were transmitted to 6 and 5 out of 8 test plants, respectively. 

In Experiments 1 and 2, ARV-E was not detected in serology 

tests of C. ,cluinoa, indicators in spite of apparently 

characteristic lesions. Further, 7J of the control plants 

inoculated with RRV-E alone were infected, suggesting that 

either the transmission or multiplication of RRV-E was 

reduced by the simultaneous presence of AMV r. However, 

when the roots of the test plants in :,Lxperiment 1, left 

after serology, were ground with .elite and inoculated to 

P. hybrida, 2 out of 8 plants developed symptoms of 

but only after about 3 weeks when the symptoms of AMV-T • 

became masked; gel-diffusion serology done on these 2 plants 

gave positive reactions to both viruses. In Experiment 3, 

where the ability of adults (AD) or larvae (L3, L4) of 

X. diversicaudatum to transmit both viruses was tested, 

10% and 20X, of the test plants were infected with 1.1Z.V-L 

by adults and larvae, respectively; both adults or larvae 

infected all the test plants with A1W-T. 
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Table 8. Simultaneous transmission of ARV.E and AMV.T by 

Xiphinema diversicaudatum (Xd) 

and Longidorus caespiticola (Lc) 

xpt. 
0. 

Vectorf No. per 
plant 

Transmission to 
petunia bait plants' Indicator 

for testing 
bait plants AMV-T 

1 

1
+ 

1
+ 

2 

Xd 

Xd 

Xd 

Xd 

50 	0/10 	10/10 

50 	7/10 

50 	10/1() 

50 	3/10 	10/10 

C. quinoa 

C. quinoa 

C. quinoa 

P. hybrida 

2 Xd 50 	0/8 	8/8 C. quinoa 

2 o 0/10 	0/10 P. hybrida 

3 Xd (AD) 50 	1/10 	10/10 P. hybrida 

3 Xd (L30,4) 5o 	2/10 	10/10 P. hybrida 

3 0/10 	0/10 P. hybrida 

4 Lc 25 	6/8 	5/8 C. ,quinoa 

4 o o/8 	o/8 C. quinoa 

tLxcept -11cperiment 3, inoculum consisted of adults (AD) and 

3rd and 4th stage larvae (L3, L4). 

'Numerator is the number tested, denominator is the total 

number tested. 

+Control: infective nematodes carrying either iti:V-L or 

Ai■lV-T only. 
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DISCUSSION 

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

and L. leptocephalus comprised 36.5, ,  and 15A, respectively,•

of the total population of plant parasitic nematodes, in 

contrast to 48.5% of X. diversicaudatum. Peak populations 

of X. diversicaudaturn occurred at 11-19 cm depth and along-

side the hop; L. caespiticola at 26-34 cm depth at the 

45 cm distance and L. leptocephalus at 26-34 cm depth at 

the 90 cm distance. These results show some similarities 

with the depth distribution of L. elongatus (Taylor, 1967) 

and of L. macrosoma (Fritzsche, 1968) where peak populations 

occurred at 0-30 cm and 10-30 cm, respectively, 

kat'oratory experiments have estal,lished, for the first 

time, that L. caespiticola and L. leptocephalus can transmit 

RRV.E. L. caespiticola appears to be the more efficient 

vector, as shown by transmission rates as high as 75- at 

15 nematodes per plant, compared with 50V transmission 

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

L. caespiticola as a vector was demonstrated in transmission 

tests on F. vesca, 	media,  P. annua and S. vuly.,aris,  all ----- 

established hosts of L. elongatus and RRV (Taylor, 1967; 

Thomas, 1969). It is likely that L. caosniticola and 

L. leptocephalus also play a role in the dissemination of 

iUV throuth infected seed of their host plants as in S. media 

(Lister and Murant $  1967,J 	Thomas and Taylor (1970) reported 

tilat L. leptocephalus  occurred in 4, of 322 soil samples 

collected in Scotland, in contrast to 6o occurrence of 

L. 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 Xiehinem  and. Loneidorus spp, 

induce galling of plant roots. Also, there is evidence 

that galls formed by these two genera, in some plant species'  

possess characteristic sizes and shapes. Possibly this 

feature could be used for detecting them in the soil. 

The results obtained on the transmission of ativ.i:; 

by X. diversicaudatum corroborate those of Fritzsche and 

Kegler (1967). However, the 5-1Cre; 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. eRV-e has a persistent debilitating effect 

on 	hybrids, rendering subsequent leaves completely 

chlorotic, and highly infective nematodes were obtained 

by means of the small receptacle technique, wherein the 

nematodes were introduced first, followed by the virus. 

A reverse of this inoculation procedure, as in Experiment 1, 

or rearing them on Pe hybrids, planted in large volume of 

soil gave little or no transmission in three early trials. 

etellaria media may be more suitable for rearing infective 

nematodes because its growth is unaffected by RRVeE and 

it is a better host for X. divereicaudatum. 

RRV-E persisted in starved X. diversicaudatum for at 

least 26 days, compared with at least 42 days (Taylor, 

1962) in L. elongatus. Taylor and Robertmon (1969) showed 

that particles of RRV in L. elongatus are retained by 

specific association with the stylet guiding sheath whereas, 

when fed on plants infected with eNV only, particles have 

been found only in the cuticular lining of the buccal capsule. 
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The location of RRV in X. diversicaudatusn remains to be 

established. Nonetheless, under field conditions, 

diversicaudatum slay be capable of spreading RaV-E. 

It has also been shown in this study that both 

-a diversicaudatum and L. caespiticola can acquire and 

transmit RRV..E and A1iV-T, simultaneously, between petunia 

test plants. The results in Table 8 show that, in a mixed 

population, 	was transmitted aore readily than RRVaE 

by X. diversicaudatum.  These confirm the results obtained 

in two preliminary experiments in which a culture of RRV-E 

on which X. diversicauclatum were being reared. was inadvertently 

contaminated with AMV-T. Similarly, Dawden and Nassanis 

(1945) reported that simultaneous infection of a plant with 

two stylet-borne viruses can affect the concentration of 

one or both within the plant and that this is reflected in 

the level of transmission by aphids. This phenomenon was 

demonstrated in my results in L,xperiment 1 (Table 8) where 

100 transmission of Allr-T occurred, but RRV-E was not 

detected serolo,ically; however, in the controls, RRVeE 

alone and AMV-T alone gave 70')L and 100S, transmissions, 

respectively. Apparently, in mixed infection of petunia, 

the rate of multiplication of RRV-E is suppressed by WV-T, 

hence, when gel-diffusion serology was done & days after 

inoculation in Experiment 1, only ANV-T was detected. 

However, when the roots of the indicator C. quinoa plants 

were inoculated to petunia, symptoms of RRV.E developed in 

two plants out of 8, 5 weeks after inoculation, when the 

symptoms of AMV-T became masked, indicating that a 

differential rate in virus multiplication exists 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 simultaneous transmission of two 

viruses by one nematode species was also shown by Taylor 

(19G7) on RIIV and TBIN by L. elongatus in 3tellpria media. 

On the one occasion on which it was tested, both 

RrtV.E and AIX r were transmitted from a mixed infection 

with almost equal efficiency by L. caespiticola. 
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APPENDIX 

A MICRO-CONTAINER TECHNIQUE FOR STUDYING VIRUS 

TRANSMISSION BY NEMATODES 

INTRODUCTION 

Since Hewitt, Raski and Goheen (1958) first showed 

Xiphinema index to be the vector of grapevine fanleaf virus, 

various workers devised different techniques in attempts to 

establish the role of nematodes as vectors of plant viruses. 

These methods, summarized by Haski and Hewitt (1963), range 

from growing healthy plants in field soil collected from 

around roots of diseased plants to inoculating hand-picked 

nematodes to bait plants in pots of sterilized soil; virus 

transmission being assayed later by inoculation of root sap 

to indicators. Jha and Posnette (1961) used 1-inch diameter 

glass specimen tubes containing 14.mesh autoclaved sand for 

growing petunia seedlings and studying the effect of duration 

of test feed by 	diversicaudatum in transmitting arabis 

mosaic virus. In 1967, Fritzsche critically examined the 

earlier methods and reported an 'improved standard technique' 

involving the inoculation of hand-picked nematodes in 

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

just enough sterilized soil to cover the roots of 3-4 cm 

tall petunia test plants. Planted blocks wore placed in a 

large Petri dish moist chamber, until the roots were ground 

and inoculated to indicator plants. This method proved 

unsuitable when adapted in attempts to transmit the hop 
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strain of arabis mosaic virus (AMV.41) using Chenoi:odium 

,cluinoa  and hop. This appendix describes a modified version 

of this method, herein referred to as .micro-container 

technique', and gives the results obtained in investigating 

transmission of the type strain of arabis mosaic virus 

(ANV-T) by Xiphinerna diversicsudatum  (Nicol.). 
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MATERIALS AND METHODS 

The solid watch glass (5 ml capacity) was used as the 

standard. for comparing polythene ice-cube moulds (10 ml), 

plastic egg cups (20 ml) and small clay pots (20 ml). The 

drainage hole in each clay pot was pluzed with plaster of 

Paris so that the nematodes could, not escape. Infective 

X. divermicaudatum raised for 6 weeks on petunia that had 

been sap-inoculated with AIT-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 3-4-leaf stage, either in ice-cube moulds 

with small drain boles or in small clay pots containing finely 

sieved, steamed rotting compost. 	hen ready for inoculation, 

the soil was removed carefully and the root system washed 

gently in a dish of water so as not to damage the roots. 

Hand-picking and inoculation were commenced after 

3 hours of extraction time, thereby ensuring that all the 

nematodes were still very active. They were first collected 

at the desired rates in Perspex cavity blocks (larner and 

Haeue, 1960) and, with the aid of a finely-pointed bamboo 

splinter, they were then scooped into the centre of each 

micro-container containing' about 1 ml of steamed soil-sand 

(2:1) mixture, A.th small amount of water. The roots of the 

bait plants were placed over the nematodes, covered with 

about 3 ml soil-sand mixture and watered carefully with the 

aid of a pipette. The micro-containers were partly embedded 

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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Fig. 1. Gravel tray moist chamber showing nematode 
micro-inoculation containers with Petunia hybrida. 
Left to right: small clay pot, polythene egg cup, 
polythene ice-cube mould, solid watch glass. 
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with a portable cover of 'relanexl polyester sheet, were 

placed in a growth chamber at 14-18°C. There were 10 pots 

for each dosage 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 waterin; , which was done from a polythene 

wash bottle with a fine nozzle. Soil moisture in the micro- 

containers was kept at approximately 20-25%; waterloging 

caused rotting of the roots and loss of virus. 

Only adult X. diversicaudatum were 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, 

although 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. However, 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 technique. 
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RESULTS 

Three weeks after infestation, the roots of the petunia 

bait plants were ground in'ouperfloss Celite (Johns-Manville 

Ltd.) and inoculated to Chenopodium quinoa. Jha and 

5'osnette (1961) reported 30% transmission with single adult 

diversicaudatum per pot using petunia test plants. 

Table 1 shows that at one nematode per plant, 100% trans-

mission was obtained in solid watch glasses, 90% each in 

ice-cube moulds and egg cups, and 	in clay pots. However, 

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 symptoms, 

in general, appeared 1-2 days earlier than in the treatment 

with one nematode per plant, suggesting that the degree of 

infection is related to the number of vectors and, hence, 

the amount of virus inoculum. The results with one nematode 

per plant further show that males and females could transmit 

the virus equally. The virus in the infected nlants was 

confirmed 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 from 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 rots, 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 
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Table 1. 	ffect of number of adult Xiphinema diversicaudatum 

on the transmission of tMV-T using 

micro-inoculation receptacles 

1 10 9 9 6 

5 lo 10 10 10 

10 10 10 10 10 



sr. 

Nematodes recovered out of 40• 

Total 
root wt. 
(g) 

Mean 
galls/ 
plant 

Root 
length 
(ctrl )  

Receptacle 
Expt. 1 Expt. 2 
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Table 2. Recovery of Xiehinema diversicaudatum after 3 weeks 

from inoculation to Petunia hybrids in 

micro-inoculation receptacles 

Solid watch glass 36.7 38.5 1.5 32.5 6.o 

Ice-cube moulds 33.3 39.6 3.0 58.1 9.0 

Egg cups 36.7 39.8 4,5 78.3 8.5 

Clay pots 34.3 39.1 4.o 34.9 11.0 
.././nemamloworIVONo" 	 

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

respectively. 
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to the nematodes. by contrast, the roots of the plants 

grown in solid watch glass and in egg cups were shorter, 

so that the tips were more exposed to the nematodes, thus 

producing more galls in proportion to the amount of roots. 

DISCUSSION 

The techniques used in the transmission of soil-borne 

viruses by nematodes are varied, but the 'standard test' 

(Fritzsche, 1967) involving infestation with a single 

nematode species to test plants grown in pots, eliminated 

objections to the earlier techniques, viz., the possibilities 

of transmission by other nematodes or by root contact. 

The 'improved standard technique' devised by Fritzsche 

(1967) using solid watch glasses gave better feeding access 

to the test plants for the vector nematodes. nowever, 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 said in the 

trays should be sterilized between experiments to eradicate 

fungi and other contaminants. The use of these micro-

containers and the gravel tray moist chamber proved highly 

successful not only in the transmission of AMV.T but also 

in the transmission of raspberry ringspot virus (RIIV-E) 

by X. diversicaudatum, Longidorus caespiticola  and 

L. leptocephalus.  
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hen grown in egg cups or small 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 weeks reported by Fritzsche 
(1967). However, test plants that are badly weakened by 

moist chamber conditions such as C. ouinoes or hop, 

successful transmissions of ANV-H by X. diversicaudatum 

have been obtained, and also of nettlehead disease of hop, 

by using either egg cups or clay pots partly embedded in 

sand without a moist chamber. 

Production of infective nematodes has also been 

achieved successfully usinsi:; the micro-container technique. 

This was done with hand-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 plants is best done about lc,  days after 

nematode infestation, when the roots have become fully 

established and feeding has begun. This is esuccially true 

of RRV-E or cherry leaf roll virus which cause severe 

damage to the plants. After 4-5 weeks, the nematodes are 

re-extracted by sieving. Since the soil-sand mixture leaves 

very little debris, hand-picking and infestation can begin 

about an hour after sieving. sater should be replaced in 

the extracting dish to allow all the nematodes to pass 

through; usually about 95 of X. diversicaudatum could 

be collected in 4 hours and about 95: of L. caespiticola  

in 16-20 hours. 
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The micro-container technique for virus transmission 

tests of nematodes has proved to be effective, gives 

relatively quick results and requires 1e6s 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 

plants vigorous and healthy. 
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