Trichodorid vectors of serologically distinguishabé strains of tobacco
rattle tobravirus occurring in Germany and the useof antagonistic
plants to suppress ,spraing“ disease in potato

Dissertation
zur Erlangung des Doktorgrades
des Fachbereichs Biologie
der Universitat Hamburg

vorgelegt von
Christiane Petz
aus Hamburg

Hamburg
2003



Genehmigt vom

Fachbereich Biologie der

Universitat Hamburg

auf Antrag von Hermn Professor Dr. U. ZUNKE
Weitere Gutachter der Dissertation:

Herr Prof. Dr. D. J. F. BROWN

Tag der Disputation: 06. Juni 2003

Hamburg, den 20. Mai 2003

Professor Dr. A. Frihwald
Dekan




S‘,'"t tlsb ‘ ro A Compam el Iy Guacmee i baving charinable stars.
Regineerel in Sentlaned 20507

Research Instztute Invergowrie, Dundee DD2 SDA, Scotland.

Secretary: J D Wad, LLB., C A

Dircetor: IR, Hillman, B.Sc., Ph.D., Hon.D S, FLS., C.Bicl,, ELBiol, FRS.E.

An die/den Vorsitzende/n des Promotionsausschusses
des Fachbereichs Biologie uber den/die Dekan/in
des Fachbereichs Biologie

Allende Platz 2

20146 Hamburg

Germany

25" April 2002

Dear Sir/Madam,

| herewith certify the linguistic correctness of the English language
as provided in the research thesis being submitted by Mrs Christiane
Petz for examination by the University for the award of a doctoral (PhD)

degree.

| am satisfied that the usage, presentation, and comprehension of
the English language as presented in the thesis is of a standard
comparable to that which would be acceptable for presentation in a
research thesis submitted to a UK University. The English language as
presented throughout the thesis prepared by Mrs Petz does not present
any impediment for comprehension and consequent examination of the
thesis by appropriately qualified scientists.

Yours faithfuily

C2 A L e

Acad.Prof.Dr. Derek J. wn BA PhD, DSc, CBiol, Fbiol.

Telephone:  National 01382 562731  International: +44 1382 562731 Wb site: hrep://Awww.scrisari.ac.uk/
Furx National -01382 562426  International : +44 1382 562426 Eemail:  mail@scrisari.ac.uk



CONTENTS

I INTRODUCTION

LA The Tobraviruses

I.A.1 Background

I.LA.2 Properties and characteristics of the Tobravirusige
I.A.3 Genetic determinants of vector transmissibility
I.LA.4 Identification of Tobravirus isolates

I.LA.5 Host range and plant diseases

I.LA.6 Virus-spread within plants and between plant getiens
I.B The Family Trichodoridae

I.B.1 Systematics and taxonomy

1.B.2 General morphology

1.B.3 Life Cycle

|.B.4 Feeding behaviour
I.B.4.a Root cell and tissue responses

|.B.5 Host range

|.B.6 Ecology and distribution

I.C The Tobravirus-Trichodorid Association

I.C.1 General remarks

I.C.2 Transmission specificity

|.C.3 Exclusivity and complementarity

I.C.4 Transmission efficiency

|.C.5 Retention and dissociation of tobravirus particleshe vector

I.D  Control Measures

1.D.1 Chemical

|.D.2 Cultural

I.LE Research Objectives

|.LE.1 Assess the occurrence of TRV and virus-vector ddohids in
potato areas in Germany

|.E.2 Determine the specificity of association betweenates of TRV
and their associated virus-vector trichodorid spgesci

I.E.3 Assess TRV strain and potato cultivar interactions

|.E.4 Develop a diagnostic test for TRV isolates occuyrin potato
fields in Germany

I.LE.5 Assess the use of selected antagonistic plant epedfor
suppressing TRV and virus-vector trichodorids itepo fields

page 1

O ~NOODN PP

14
16
16
18
20
21

23
24

25
27
28
29
31
31
33
34
35
37
38
38

38

38
39

39



| MATERIAL AND METHODS

LA Plants

II.B  Soil sampling

[I.C Potato tubers

[I.D Nematodes

[1.D.1 Extraction

[1.D.2 Vector-determination

1I.D.3 Single nematode transmission
[1.D.4 Cultivation

II.LE Virus

[I.E.1 Proof with bait-test

[I.E.2 Inoculation

II.E.3 Virus-recovery

[I.E.4 Virus strain determination with ELISA
II.E.5 Electron microscopy basic methods

II.LE.6 Virus strain determination with drop-tests

[1.E.7 Virus strain-determination with ISEM

[I.E.8 Virus strain-determination with decoration, titeecbration

[I.E.9 Particle-measurement

Il BIOLOGICAL ASSESSMENT

lIILA Introduction

l1I.B Material and methods

[11.B.1 Biological assessment questionnaire
[11.B.2 Examination of soil samples

l1I.C Results

[11.C.1 Diversity of sites
[1.C.1.a Location

[1.C.1.b Mapping

[11.C.1.b.1 Lower Saxony
[11.C.1.b.2 Bavaria

[11.C.1.b.3 Baden-Wirttemberg
[11.C.1.b.4 Saxony

[11.C.2 Diversity of soil
[11.C.3 Diversity of disease occurrence
111.C.4 Diversity of crop rotation patterns

l11.C.5 Genetic diversity of potato cultivars
[1.C.5.a Symptomatology
[.C.5.b Potato cultivars

l11.C.6 Species-diversity of vector-nematodes
l1I.D Discussion

II

40
40
41
41
42
42
42
42
45
45
46
46
47
47
48
49
49
53
56

57
57
57
57
61
61
61

61
65
65
65
69
69
69

71
72
76

76
78
81

86



IV RESISTANCE/TOLERANCE/SUSCEPTIBILITY OF POTATO 89

CULTIVARS
IV.A Introduction 89
IV.B Material and methods 92
IV.C Results 92
IVV.C.1 Mellendorf, country-cultivar-test-area 92
IV.C.2 Other sites 94
IVV.C.3 Comparison 96
IV.D Discussion 100
\% INTERACTION OF VIRUS STRAIN, VECTOR SPECIES AND 101

POTATO CULTIVAR
V.A Introduction 101
V.B Material and methods 102
V.C Results 104
V.C.1 Determination of TRV with bait-tests 104
V.C.2 Strain-determination with ISEM and decoration 104
V.C.2.a Comparison 104
V.C.2.b S10 107
V.C.2.c S19 108
V.C.2.d S29 109
V.C.2.e S30 110
V.C.2.f S31 111
V.C.2.g S45 112
V.C.2.h S46 113
V.C.2.i S49 114
V.C.3 TRV-proof with different methods 115
V.D Discussion 117
VI  PRELIMINARY DEVELOPMENT OF A NON-EXPERT 119

DIAGNOSTIC METHOD FOR TRV (RT-PCR)
VI.A Introduction 119
VI.B Material and methods 121
VI.C Results 123

VI.D Discussion 124

III



VIl CONTROL OF TRV AND VECTOR-TRICHODORIDS WITH

ANTAGONISTIC PLANTS
VII.LA Introduction
VII.B Material and Methods
VII.C Results

VII.C.1 Potato-tuber-survey
VII.C.1.a Comparison
VII.C.2 Virus-test in the soil

VII.C.3 Nematode-counting and -determination

VII.C.4 Virus-test in inter-crops
VII.C.5 Virus-test in weeds
VII.D Discussion

VIl GENERAL DISKUSSION

IX  PUBLICATIONS

X LITERATURE

XI' ACKNOWLEDGEMENTS

I\Y

125

125
131
134
134

135
140

142
145
145
147

151

161

163

181



| INTRODUCTION

I.LA° The Tobraviruses

[.A.1 Background

Several members of the plant ectoparasitic nemajederalrichodorusand Paratrichodorus
transmit tobraviruses. Of the three tobravirudas,type member tobacco rattle virus (TRV) is
the most economically important causing ‘TRV-spgairdisease of potatoesS@lanum
tuberosunilL.; Taylor & Brown, 1997). The disease resultdmown necrotic arcs in the potato
tuber flesh that render the crop unmarketable. Adraatodes feed on root epidermal and root
hair cells. At the commencement of the feeding ettle nematode uses its onchiostyle to
penetrate several individual cells, but then itnaloas the cell leaving it intact. Eventually it
selects cells upon which he feed, and most of ¢tlecontents are removed during the feeding
process causing death of the cell (Wyss, 1971b1&7&; Fritzscheet al, 1985). During the
feeding process virus particles present in a cellirgested along with the cell cytoplasm and
retained by the nematode in its feeding appar&ubsequently, when the nematode begins its
feeding cycle on an uninfected cell, or plant, theses particles are transferred into the new cell

resulting in transmission of the virus (Trudgil@7b).

‘Mauche’ disease of tobacco growing in Germany e@ssidered by Behrens (1899) to be soil-
borne, and Boning (1931) demonstrated that theasésevas caused by an agent that passed
through bacterial filters. Subsequently, Quanj&4Q@) referred to the agent as tobacco rattle
(ratel) virus, the name referring to the noise matien wind blew through infected tobacco
leaves. Sokt al (1960) were first to report that the natural gedf the virus were trichodorid

nematodes.



TRV was named as one of the members of the NETEwmoup (NEmatode transmitted
TUbular particle viruses), due to their transmiigypby nematodes and their tubular particles
(Cadman, 1960). After a taxonomic revision of vigjgbe term NETUvirus was replaced with
the term Tobraviruses, in recognition of the typember of this virus genus. In a recent
classification of viruse§obraviruswas established as a genus containing three sireseh

named after one of the hosts that the virus infégtscco rattle virus, the type-member of the
genus (TRV), pea early-browning virus (PEBV), arepger ringspot virus (PRV) that was
originally referred to as the CAM-strain TRV, andhieh occurs only in Brazil (Van

Regenmortett al, 2000).

I.LA.2 Properties and characteristics of tAi®@bravirusgenus

The bipartite RNA-viruses of th€obravirusgenus are comprised of two rod-shaped, straight
tubular particles of different length (Ploeg & Bnowl997). The longer particle, known as the
RNA-1 segment of the viral genome, is requiretér alia for RNA-synthesis. The shorter
particle, the RNA-2, codes for the production of tiral capsid and vector transmissibility

(Steck, 1971; Linthorst & Bol, 1986). Both RNAs aingle-stranded, with positive polarity.

The average length of the long and short partidepending on the specific isolate, is 180-
215nm and 45-115nm, respectively. The particles lmdiameter of 21-25nm. (Bokx, 1972;
Bos, 1983; CMI/AAB, 1973; CMI/AAB, 1970; Brurdt al, 1990). The axial canal is obvious,

being 4-5nm in diameter (Bruat al, 1990).



|Figure 1: TRV-particles; EM-photograph

The RNAL is highly conserved, and contains sevagpah reading frames (ORFs) that code for,
i.e, RNA-replication, cell-to-cell-movement and pdiyidor seed transmission, whereas the
RNAZ2 is genetically variable and contains ORFs egdor the viral capsid, partially for seed

transmission and one or more genes code for nootstal proteins, of which at least one is

essential for vector transmission (CMI/AAB, 1970adFarlanest al, 1996).

A typical serologically distinguishable strain dRV, strain SYM, has an RNA1 that contains a
134/194K ORF that codes for the replicase gen€ka @QRF that is involved in cell-to-cell-
transport of the virus and induction of some symptoms irst{@sigenenet al, 1989a; Boccara
et al, 1986; Hamiltoret al, 1987; MacFarlanet al, 1989; Ziegler-Grafet al, 1991), and a
16K ORF whose function is unknown, but which is latmgous to a 16K ORF in the RNAZ2,

that overlaps with a 13K ORF, whose function atsanknown. It has been speculated that the



16K ORF modulates the host plant nucleic acid nudtai, and therefore is considered to be
associated with plant cell nuclei (Let al, 1991). A similar analysis of the RNA1 of PEBV
strain SP-5 revealed that it contains four ORFslairto those of TRV RNA1, with molecular

masses of 201, 141, 30 and 12kDa, and similar ¢icdbproperties to those in TRV.

The RNA2 contains one to four ORFs, including tbhatgrotein (CP) gene and one to three
non-structural protein (NSP) genes (Angeretral, 1986; Hernandegt al, 1995; MacFarlane

& Brown, 1995). The RNA2 of different TRV strairsvariable in length and sequence.

Figure 2: exemplary structure of the two RNAs of TRINAL from SYM; RNA2 from TCM

RNA1 134/194K 29K 13/16K

5'%3/

RNA2 CP 291 16K
5' M 3’

The threeTobravirusesoccur as several serologically distinct straims] particularly with TRV
the RNA2 sequences of the different strains resukssibstantial genome diversity that arises by

spontaneous deletion in the RNA2 (Harrison & Wodd#66; Hernandeet al, 1995). Also,



recombinant isolates of TRV occur naturally thatta;n PEBV-RNA2 sequences in the RNA2

segment of the genome (Robinsidral, 1987; Robinson, 1994).

Tobravirus isolates are classified by means of molecular iligation techniques based on
sequence homology of the highly conserved RNAlolSgical methods are not reliable for
classifyingTobravirusesas they identify epitopes on the viral capsid @rete could be similar
epitopes on different viruses and these epitopesatrrelated to physico-chemical or biological
characteristics of the virus. The genetic sequ&fidie viral capsid gene dfobravirusess
variable (Harrison & Robinson, 1986) and the natocmurrence of PEBV sequences in the

RNA2 segment can each result in a misleading ifileation of a particular virus isolate.

TRV in plants occurs either as an M (multiplying)am NM (non-multiplying) type of infection
(Crosslin & Thomas, 1995). These two types of itideccan be distinguished by repeated
freezing and thawingn vitro, after which only the M-type remains infectious. iMections
contain both the RNAL1 and the RNA2 segments ofvihes genome. Thus, M infections are
characterised by the presence of virus partidhesy; &re serologically detectable, and are vector
transmissible. In contrast, NM infections contaimyahe RNA1 segment of the genome, thus

virus particles are absent and consequently tisetaes are not vector-transmissible.



I.LA.3 Genetic determinants of vector transmissibility

Using pseudorecombinants of nematode-transmissipk€2® and non-nematode-transmissible
(PLB) TRV strains Ploegt al (1993b) demonstrated that the genetic determsnainvector-
nematode-transmissibility ofobravirusesare encoded by the RNA2 segment of the virus

genome.

Initially, it was considered that only the virusatoprotein (CP) was involved in vector
transmission, however two other ORFs on the RNAZ) ehuvhich encodes for a non-structural
protein (NSP), have been shown to be involved imatede transmission dfobraviruses.
cDNA clone-transcripts of PEBV RNAs enabled thealioleterminants of specific tobravirus-
trichodorid interactions to be studied (MacFarlahal, 1995). Infectious cDNA clones of TRV
and PEBV wild type isolates revealed that, whenctheg protein gene from a non-transmissible
isolate (PEBV-SP5) was replaced with that of a dgmaissible isolate (TRV-PpK20), the
recombinant virus remained non-vector-transmissibferefore, the coat protein alone did not
confer vector transmissibility to tobraviruses (Madaneet al, 1995). Introducing mutations to
each of the four RNA-2 genes of the transmissibtdaie PEBV TpA56-RNA2 showed that
nearly all the proteins (CP and some NSPs) wereliad in vector transmission as essential
(CP and 2b for example) or as mediators (2c for elg@m(MacFarlane & Brown, 1995;
MacFarlaneet al, 1995 and 1996), whereas with TRV-PpK20 the CéP arly one of the two

NSPs were required for vector transmission (Hereaatal, 1997).

The involvement of viral proteins in insect-, fuhgand nematode-vector virus transmission is a

common characteristic of plant virus-vector intéacs (Gray, 1996). Helper-protein dependent



transmission has been broadly studied in the del&oty andCaulimovirusgenera (Pirone &
Blanc, 1996) and a specific correlation was repblietween the coat and helper proteins in
aphid transmission of tobacco vein mottling potysi(Blancet al, 1997). It appears probable
that the NSPs of TRV and PEBV RNA2 encode for pmsteof similar function to those

involved in virus transmission by aphids.

I.A.4 Identification ofTobravirusisolates

Isolates of TRV and PEBV can exhibit extensive aniigeariation. Also, several TRV isolates
have been found to be natural recombinants, whosemgeoonsists of a TRV-RNA1 strand and

sequences of PEBV-RNA2 (Harrison & Robinson, 1986).

The most frequently used procedure for detectireydbcurrence of TRV is the “bait test”
method. A container is filled with field soil, a heceaus virus free “bait plant” is then grown in
the soil for several weeks and the roots of the pabsequently tested for the presence of virus
(Taylor & Brown, 1997). Immunological and moleculdetection, or confirmation of the
presence, of TRV in potato tubers is extremely diffi and largely unreliable due to the
requirement to use a wide range of antisera angibgence of inhibitors in the tuber flesh

(Weidemann, 1993a; Xenophonttsal., 1998; Crosslin & Thomas, 1995).

Characterisation of an isolate of TRV infectingbdaaeous plant leaves or roots can be reliably
carried out by using polyclonal antisera, prepaagdinst fully identified isolates of the virus.
These immunological tests are done using electraorostope techniques such as

immunosorbent electron microscopy (ISEM), or segmia methods such as enzyme linked



immunosorbent assay (ELISA). As noted, becausheoéxtensive variability of TRV isolates a
large number of different polyclonal antisera aeguired to unequivocally identify and
characterise an M-type isolate of the virus in legjioal tests (Robinson & Harrison, 1985;

Harrison & Robinson, 1986; Ploeg al, 1993a).

More reliable techniqgues have been introduced fientifying Tobraviruses with the

development of molecular biology, and particulathe polymerase chain reaction (PCR)
technique This method utilises am vitro molecular hybridization technique, with specific
probes to RNA1l conserved sequences (Robinson, 198®st recently, the reverse
transcriptase-PCR (RT-PCR) technique has beenajmablfor distinguishing isolates of TRV,
PEBV and PRV (MacFarlane, 1996). This method pewid rapid diagnostic procedure for
determining the existence of TRV and analysis ofriweirally occurring strains of the virus in
plant material, and directly from the body contesftsiematodes (Boutsiket al, 1999). RT-

PCR enables a diagnostic test for the detectiarRd to be completed within 3 days of receipt
of a sample and offers a potentially rapid andabédi method for detecting TRV in potato

tubers.

I.LA.5 Host range and plant diseases

TRV has an extensive host range, probably the wafesty plant virus, and has been shown to
infect at least 600 species in more than 50 familticotyledonous and monocotyledonous,
(Schmelzer, 1957; CMI/AAB, 1970; Spaar & Hamann, 1974jd&mann, 1981; Arias & Bello,
1988). Plant species belonging to the Hydrophykc&alanaceae, Primulaceae and Linaceae

families can become systemically infected, whilesthin the Cucurbitaceae and Leguminosae



are only infected locally. Members of the Rosa@akGraminae families are not hosts for TRV

(Schmelzer, 1957).

The symptoms and their severity induced in plagt$dibraviruses vary both amongst the three
viruses and amongst serlogically distinguishabtairsg of the viruses. Plant hosts such as
tobacco, potato, bulbous ornamentals, peppers, tom&teesh bearRhaseolusulgaris), pea,
spinach, sugar beet, lucerne, lettuce and onion stemv obvious symptoms induced by
Tobraviruses. Other hosts such as pine, clover, mlaize, chestnut, cherry, spruce, redcurrant,
Stellaria mediag Viola tricolor and cucumber whilst readily infected by Tobrawsisdo not
show symptoms of virus infection (Cooper & Thonte®70; CMI/AAB, 1973; Cooper, 1971b).
Crops most seriously affected by Tobraviruses gelpotato, tulip, narcissi, hyacinth and
tobacco (Maas & Rothuis, 1973; Ploeg & Brown, 1997)}obacco TRV causes necrotic spots
and arcs on the leaves of infected plants. Infeatsults in the leaves crinkling as they become
dry and brittle (Steck, 1971), and the English asgename "rattle” derives from the rustling
sound of the dry leaves moving in the wind (Heirick983). TRV causes notched leaf in
gladiolus, ringspot in aster and pepper, yellowdiidn sugar beet, colour-break in tulip, and
unnamed diseases in lettuce, hyacinth, and nascf€I/AAB, 1970).

TRV can over-winter in perennial weed species and weed setiisabsence of nematodes, for
example inViola tricolor (Cooper & Harrison, 1973). Approximately 1 to 5%setds from an
infected weed species carry TRV, and these infestsetl seeds pose a particular problem. The
infected seeds may lie dormant for several yeaid,ewen decades, in soil before germinating
and presenting a source from which vector nematoalescquire the virus (Cooper, 1971a and

1971b).



TRV induces a wide range of symptoms in differentap cultivars, with about 50% of
currently used cultivars showing symptoms of iritect(Reepmeyer, 1973b; Steck, 1971).
Infection and any consequent disease symptomataogyhighly dependent on the potato
genotype and the strain of TRV. Infection of tubers is égmendant on soil moisture conditions
prevailing during tuber initiation, as a high saioisture is necessary for vector nematode
mobility and hence efficient virus transmission.

Potato cultivars can be resistant (not infectedlerant (infected but without any visible
symptoms in the tuber flesh), or susceptible (atabSTRV-spraing’ disease symptoms occur in
the tuber flesh in which of brown necrotic arcs raadily observed). Symptoms caused by TRV
infection in potato leaves and stems are relativatg in comparison to tuber symptoms (aid
Auswertungs- und Informationsdienst, 1997; Weidematb81), and usually are visible as
chlorotic yellow spots and chevrons, leaf-tip ne@p(“stem mottle”; Fig. 3; Bonituranleitung,

1981).

| Figure 3: TRV-symptoms at potato-plants: stem-raottl

10



TRV infection in potato tubers can cause externalpggms such as necrotic spots (brown or
rust-red, faded, with a slightly darker centre; Bananleitung, 1981) and sunken rings that can
tear open later and continue inside the tuber [figfikeit, Pfropfenkrankheit) as spots (Fig. 4) or
arcs (Fig. 5) or bung-shapes (Fig. 6) (Spaar & Hamma#74). During heavy infection tubers can
appear deformed (Fig. 7). Symptoms in tubers develming growth of the tuber, are evident at

harvest and their severity increase little duritagegye (Dale & Solomon, 1988).

Figure 4: TRV-symptoms at potato-tubers: spots

11



Figure 5: TRV-symptoms at potato-tubers: arcs

Figure 6: TRV-symptoms at potato-tubers: bungs

12



Figure 7: TRV-symptoms at potato-tubers: heavifgdted deformed tubers

Potato tubers showing TRV-spraing disease symptoensrecceptable for ware and processing
marketsi.e. whole potatoes, crisps, chips, potato frittersfr@mch fries (Schitz, 1973). If more
than 2% of the tubers in a consignment show TR¥tegrdamage, the entire consignment is
rejected (Spaar & Hamann, 1974). With toleranticails used for seed losses of 25% can occur
in daughter crops as a result of the virus causmgcreased number of smaller unmarketable
tubers being produced (Dadeal, 1998).

In the Hannover region about 2.5 Mill.t of potate harvested annually of which approximately
90,000t of 1 Mill.t that show signs of TRV-sprairage rejected (D. Heinicke, personal
information). Germination of potato seed tuberswshg TRV-spraing symptoms is clearly
inhibited (aid Auswertungs- und Informationsdienst,7)98nd these plants often produce fewer

tubers (Cadman, 1959).

13



I.LA.6 Virus-spread within plants and between plant generations

Translocation of a soil-borne virus in a plantialiy is cell to cell radiating from the initially
infected root cell, and eventually the virus entBesphloem which provides a pathway for rapid
spread throughout the plant (Bokx, 1972). TRV phasiccan be found in all parts of a
systemically infected host plant; in the cytoplasnitochondria and often in the cells arranged
around them (Brungt al., 1990), but the virus is frequently aggregated withe plant. Upon
infecting a planvia transmission by a vector nematode TRV usually nesna the roots of the
plant for a considerable time before spreadinguidfinout the plant (Bokx, 1972). TRV requires
at least 4 hours to move from the primary inoculatell into adjacent cells (Derrict al,
1992), moving symplastically across cell walls €nstllular) via plasmodesmata that have a
maximum diameter of 0.9nm. Virus nucleic-acid anotgins are too large to move in this way,
consequently movement proteins encoded by the vause these openings to enlarge and
increase plasmodesmatal permeability until the diamreaches an average of 3.1nm. The
enlarged diameter enables the movement of the nrahucleoprotein complexes through the
altered plasmodesmata.

In many plant species TRV apparently remains Ieedliat the initial site of infection inducing
chlorotic and/or necrotic lesions (hypersensitieaction resulting in death of the infected cell),
regardless of whether infection originated from haegcal inoculation of leaves or root
inoculation by virus-vector trichodorids. In othplant species TRV spreads systemically
eventually infecting the entire plant. TRV-spraggmptoms in potato tuber flesh are regarded
as extreme examples of a hypersensitive respondeeimplant host. However, as stated in

Section I.A.5 different potato cultivars react diently to different strains of TRV and can be

14



classified as resistant (= not infected), susckptis= tubers show typical TRV-spraing
symptoms), and tolerant (= entire plant infectethwiRV but TRV-spraing symptoms absent in
tubers) (Xenophontost al, 1998).

Vector transmission of TRV to potato tubers isdnadid to occur in newly forming tubers when
the nematode feeds on lenticells when the phelderthin (Cooper, 1971b). Mechanical
inoculation of TRV infected tuber flesh onto leava@svirus indicator plants rarely causes
infection, and especially not after a period ofage of the tubers as a result of virus inhibitors
in the tuber flesh (Cooper, 1971b).

With tolerant potato cultivars, TRV infected tubdisnot show any symptoms (Xenophordbs
al., 1998), and the plants that grow from these tilaee systemically infected and produce
symptomless daughter-tubers. Tubers from theseatdleultivars when infected with TRV
provide a highly efficient pathway for dispersalTdRV, and provide an excellent source from
which the virus can be acquired by the associatetbv nematodes present at sites at which the
virus was not previously present (Xenophorgbal, 1998).

Potato tubers with TRV-spraing symptoms mostly awmntNM-strains, and only a small
proportion of plants growing from such infected cséebers eventually develop stem mottle
symptoms. Daughter-tubers of these stem-mottletplanly very rarely develop “secondary
TRV-spraing” symptoms (Xenophontat al, 1998). As a result of viral inhibitors TRV is
distributed unevenly in tolerant potato tubers amdtubers showing typical TRV-spraing
symptoms the virus is usually found only within thexrotic arc region. Consequently, negative
results obtained when testing potato tubers foiptieeence of TRV are not reliable and do not

provide a guarantee of virus-freedom (Xenophoatad, 1998).
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I.B The Family Trichodoridae

[.B.1 Systematics and taxonomy

De Man described the spec@serylaimus primitivusin 1880. Cobb (1920) erectédchodorus
with a single specied,. obtususwhich was later synonymized with primitvusby Micoletzky
(1922). When describinBorylaimus primitivus de Man (1880) also described a new genus,
Diphtherophora with a single speciesD. communis and in 1935 Thorne, recognising
similarities betweemiphtherophoraand Trichodorus proposed the family Diphtheropteridae
with two subfamilies, Diphtherophorinae and Tricbodae, in the Dorylaimoidea.

In subsequent classifications the two genera wetbdr separated by raising the Trichodorinae
to family status by Siddigi (1961) and Clark (196the latter also proposing the superfamily
Diphtherophoroidea. Clark (1961) assigned this gapegly to the suborder Alaimina within the
Dorylaimida. Coomans and Loof (1970) raised Diphapbhoroidea to suborder rank but
retained Trichodoridae as a family. Siddigi (197dised Trichodoridae to superfamily rank
under Diphtherophorina which was retained underylaonida. However, he drew attention to
some of the unique features of the group, sucheaspicule musculature, possession of a single
testis, presence of a gubernaculum, prominent exgrpore and absence of a prerectum - these
features are not shared by other dorylaims. Orbéises of these morphological differences he
placed the Diphtherophorina, including the trichddisy in the order Triplonchida (Siddiqi,
1983).

The family Trichodoridae contained only the singienusTrichodorus but Siddiqi (1974)
proposed splitting the genus into two genéirgchodorusand Paratrichodoruswith the latter

genus divided into three subgend?aratrichodorus Atlantodorus anélanidorus
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Andrassy (1976) subsequently propo$@dnotrichodorusfor the monodelphiclrichodorus
monohysterathe brief description of which was expanded by iRpez-M. and Bell (1978)
when they also erecteéllotrichodorus another monodelphic genus originating from South
America. Siddiqgi (1980) later raised his subgenardaratrichodorusto generic rank, but
Decraemer (1980a) rejected the concept of spliagatrichodorusinto either subgenera or
genera and recognized Trichodoridae as comprisinfy dour genera, Trichodorus
Paratrichodorus Monotrichodorusand Allotrichodorus, an opinion which has been widely

accepted and is incorporated in the classificgti@sented in Table 1.

Table 1: Classification of virus-vector trichodoritematodes (after Coomans, 1996 |and
Maggenti, 1983 and 1991)

Order: TRIPLONCHIDA
Suborder: Diphtherophorina
Superfamily: Trichodoroidea
Family: Trichodoridae
Genera: Allotrichodorus

Monotrichodorus
Paratrichodorus
Trichodorus
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[.B.2 General morphology

Trichodorid nematodes are soil-inhabiting relagvedmall cylindrical cigar-shaped root
ectoparasites. Their body length varies from 03%.8mm. The head is rounded and the talil is
usually blunt. An important characteristic of taclorid species is that they have a
characteristically elongated, solid tipped and radiyt curved tooth-like onchiostyle, which
distinguishes them from dorylaimid nematodes. Wheat-killed and fixed the cuticle of
Paratrichodorusspecies usually swells, whereas thala¢hodorusspecies usually does not.
The most easily recognised characters useful feciep identification are the shape and
structure of the vulval region in females and thewdes region in males (Decraemer, 1995).
However, accurate identification of trichodorids ttee specific level requires considerable
taxonomic skill. The feeding apparatus (Fig. 8)asatibed here in detail, as TRV particles are
specifically retained within this region in vectpecies. The buccal cavity (terminology based
upon Decraemer, 1995) is located between the mouth gpamihthe pharynx. For trichodorids,
this area is referred to as the stoma, or cheilest@nd is formed by an infolding of the outer
body wall cuticle. The pharyngeal lumen has a etytriradiate symmetry, but at the zone of
the onchium it appears hexagonal in cross-sectitiasanterior part accommodates the
onchiostyle (spear), which consists of two parte @nterior tooth-like onchium and the
posterior onchiphore. The onchium is solid and awed of cuticular tissue. At the level of
fusion of the onchiophore/pharyngeal wall an infaddforms what is referred to as the “guide
ring“. Posterior to the onchistyle, the isthmus dsportion to the pharynx) is narrower in
diameter and composed of muscles. Its triradiateefu is surrounded by the nerve ring.
Posterior to the nerve ring, the pharynx expands‘pear-shaped” basal bulb that contains one
large dorsal and two pairs of ventrosublateral djleells that possess ducts that open into the

lumen of the alimentary tract.
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The pharyngeal bulb acts as a pump operating byygneaithin radial muscles that open the
lumen against the turgor pressure of the bulb. pitmap functions during the salivation and the
ingestion phases. A one-way valve present at tlagypgeal/intestinal junction connects the

pharyngeal lumen with the intestine.

[.B.3 Life Cycle

The life cycle of nematodes consists basically iaf stages: the egg (= embryo), four
developmental juvenile stages (J1, J2, J3 andnitree final adult stage. Juveniles moult to
become the next stage, and during the moulting psottee external cuticle that surrounds the
nematode's body, becomes separated (apolysis)treranderlying tissue (hypodermis). The
old cuticle is shed along with the cuticular lining the stomatal and pharyngeal lumina
(ecdysis) (Taylor & Brown, 1997). Thus, during esidyany virus particles adsorbed on the

internal cuticle become shed along with the cufi€kylor & Robertson, 1977).

Trichodorids have relatively short life cycles, and all fages are present at any one time in the
field (Taylor & Brown, 1997). Under natural fielemditions in Europe trichodorids probably
survive for three or four years. However in labanasiudies withT. christieiontomato at 27°C,

a parthenogenetic species indigenous in the UStates and that exhibits an “r” life-strategy,
the J1 emerged from the egg on tHeddy after the latter was laid, and immediately heokto

J2. The J3 developed seven days after egg-deposition, deseldping on the tenth day and the

adults in two weeks (Morton & Perry, 1968).
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Coiro & Sasanelli (1994) observed the life-cycle Tafchodorus sparsusinder laboratory
conditions on S. Lucie cherri?{unus mahalel.) at 27°C. This species was found to have a life
span of 22 weeks, a reproductive span of 16 weeks, atal eefroductive capacity of 215-225.
From egg till adult 40-42 days were usuldichodorus viruliferusin the UK/Scotland has 2

generations per annum (Cooper & Thomas, 1971).

Under field conditions trichodorids reproduce frepring to autumn (Alphey, 1985) when soill
temperatures and soil moisture levels are aboviianomm threshold required for reproduction.
Large seasonal variation in reproduction is not mam, although larger populations have been
recorded during autumn in Europe (Brown & Boag, 7)98he latter seasonal variation is

probably linked to the annual growth cycle of thspective plant host (Brown & Boag, 1987).

[.B.4 Feeding behaviour

Trichodorids are strictly root ectoparasites, fieatd on epidermal cells (Rhoades, 1965; Rohde
& Jenkins, 1957; Russel & Perry, 1966; Schilt & Cohn, 19Mbwever, van Hoof (1964) noted
that trichodorids will feed upon leaf cells when leaves ared in soil, and he used this feeding
behaviour to develop a bait-leaf method for deteimngj virus transmission by trichodorids. The
nematodes aggregate and feed on cells immediagbind the apical meristem of the root cap,
within a tract of 1-3mm (Pitcher, 1967). They hdeen observed aggregating at the zone of
root elongation (Coiro & Sasanelli, 1994) feedingeferentially on root tips (Pitcher &
McNamara, 1970; Wyss, 1975, 1977 and 1982) of elgtigrowing roots (Hogger, 1973;

Zuckerman, 1961).
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Trichodorids feed on individual cells using their onchéstyg puncture the cell wall and then use
secretions glands in the oesophageal bulb to fofee@ding tube through which they withdraw
the cell contents (Wyss, 1971a and 1975). During this ppadeY particles present in a cell are
ingested and a proportion of them become spedyficatiained in the feeding tract. Transmission
occurs subsequently, when the nematode next feadss Warticles are introduced into the
living cell, then dis-assemble, interact with thedl constituents and begin replication and re-
assembly, thus establishing an infection in theara eventually in the whole plant. However,
trichodorids commonly kill the cell being fed upon, but dgrihe early stages of a feeding cycle
the nematode punctures a proportion of the calis$ a feeding tube, but does not remove the
cell contents. It is during the formation of thedeng tube that secretions from the glands in the
oesophageal bulb release and move virus partietaged in the feeding tract into the cell. In

those that cells remain intact the virus can estabin infection in the plant.

A feeding cycle includes a series of consecutieel$eand an intermediate inactive period. The
feeding process on a single cell rarely exceeds sixtes and consists of five distinct phases,
i.e. exploration, perforation, salivation, ingestion,damwithdrawal (Wyss, 1971a). After
completing feeding on one cell, the trichodorid moves neighbouring cell. While feeding on a
cell, the nematode forms a hollow feeding tubehatgerforation site, through which they can
ingest cell sap. Because this feeding tube iscserfiily wide, they are the only nematodes that
can ingest cell organelles (Wyss, 1975). They #se the only nematodes that thrust their
onchiostyle continuously during feeding (Chen & M#965; Wyss, 1977) and they have the
ability to distinguish between dead and living selladapting their feeding behaviour

accordingly.
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[.B.4.a Root cell and tissue responses

Trichodorids follow the root growth through the Isand finally disperse when the root is
critically damaged (Pitcher, 1967). Also, they haxxasionally been observed feeding on
secondary, fine, lateral, and on “feeder” roots nmvhikicker, extending roots were absent
(Pitcher, 1967). The symptoms induced by trichatideeding vary amongst different plant
hosts and with different trichodorid species. Generdibre is a decline of root growth followed
by cessation of growth if the apical meristem tackted. The nematodes move to lateral root
tips that eventually become stubby and turn browblack, probably as a result of secondary
infection or necrosis. Symptoms of trichodorid fegdare: yellowing on the root-surface, root
tip swelling, and typically deformed stele of clye(Coiro & Sasanelli, 1994); darkening,
abnormal growth, shortening and proliferation obtsp and stunting of tomato (Rohde &
Jenkins, 1957); decrease of growth and substastiaiction of root weight, chlorotic condition
of the plant, and root-lesions of St. AugustinesgréRhoades, 1965); cracks in the epidermis
and enlargement of tissues underlying fed upors a#dllapple, loss of meristematic activity,
browning of epidermal and hypodermal cells ancbime cases shrinkage of these brown cells in
apple (Pitcher, 1967); and inhibition of root htormation in Brassica rapavar. silvestris,

Fragaria vescavar. semperflorens, amdicotiana tabacungWyss, 1975).

The reactions observed within the cells that haaenkfed upon by trichodorids are probably a
result of chemical or enzymatic reaction to the atle secretions, however they may derive
from mechanical injury (Wyss, 1975). It is moselikthat a combination of these is responsible

for the overall cell responses.
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[.B.5 Host range

Trichodorid nematodes are polyphagus ectoparasigscan be found in a wide range of
habitats (arable land, grassland, woodland) anadsseciated with numerous species, including

weeds, bulbous ornamental, annual and perennijag,camd some woody species.

Rohde and Jenkins (1957) grouped plants into fategories as hosts &f. minor (only

examples given):

Excellent hostsnclude those plants upon which the number of nedes increase at least ten
times: GraminaeAvena sativdoat); CruciferaBrassica rapgturnip); Leguminosaerrifolium
incarnatum (crimson clover); Solanacea&ycopersicon esculenturftomato); Compositae:

Helianthus annuugsunflower).

Good hostsare those plants upon which the number of nematodeease up to nine times:
TaxaceaeTaxus baccatgEnglish yew); Graminaetolium perenne(rye grass); Liliaceae:
Allium cepa (onion); Polygonaceae:Fagopyrum exculentum(japanese buckwheat);
ChenopodiaceaeBeta vulgaris (beet); Leguminosag?haseolus vulgarigbean); Ericaceae:

Rhododendrosp. (azalea); Cucurbitace&&icumis meldmuskmelon).

Poor hostsare those plants upon which the number of nematdderease: GraminaSecale
cereale(rye); Chenopodiacea&pinacia oleracedspinach); CruciferaedBrassica napugrape);

RosaceaeFragaria chiloensisvar. ananassa (strawberry); Leguminogisum sativunf{pea);
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Solanaceae:Nicotiana tabacum (tobacco); CucurbitaceaeCucumis sativus(cucumber);
Buxaceae: Buxus sempervirensvar. suffruticosa (English boxwood); Compositae:

Chrysanthemum morifoliugehrysanthemum).

Non-hostscomprise only four out of the 45 plant speciesetésfrom which trichodorids were
not recovered: Liliaceadisparagus officinalisar. altilis (asparagus); Leguminos&zotalaria
spectabilis(showy crotalaria); Euphorbiaceauphorbia pulcherimgpoinsetia); Solanacae:

Datura stramoniungjimsonweed.

[.B.6 Ecology and distribution

Trichodorids have been reported from all the maintioents, and are particularly widespread
and prevalent in Europe and North America. The gawgcal distribution of trichodorids
within Europe was comprehensively presented in Eheopean Atlas of Longidoridae and
Trichodoridae (Alphey & Taylor, 1986). Subsequentigveral new species have been described

since this publication (Decraemer, 1995).

In Germany 8Trichodorusand 5Paratrichodorusspecies have been found (Sturhan, 1994).
Trichodorids are present in Lower Saxonycan 90% of the potato-soils (light sand), 65% of
these contain TRV (Meyer & Schénbeck, 1972). In themé&rDDR, Horneburg (1989) reported
that TRV occurs, causing various amounts of damagjee years 1981 to 1988, in 11% to 32%

of the potato cultivation areas.
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During a comprehensive survey of virus-vector nesatspecies in the UK trichodorid
nematodes were recovered from 22% of all sites ah{plphey & Boag, 1976). At least 10-
15%, and 15-20% of the arable hectarage in Scothawdfound to be infested with TRV and
with trichodorids, respectively (Cooper, 1971b).oiher areas of Europe TRV was present in
more than 50% of irrigated land in Switzerland (€ilig 1977a); 12% of the potato area is
affected in Great Britain (Cooper, 1971c) and in Belgium tb%otato land was found infected

(De Pelsmacker & Coomans 1987).

Trichodorids prefer sandy soil, especially araldadl (Cooper & Harrison, 1973; Cooper,
1971c). Their frequency of occurrence in forestd pastures is much lower (Alphey & Boag,
1976). Under natural conditions about 90% of tretdvads occur in the upper 50cm soil depth,
but they have also been recovered from soil depitlis2m (Weidemann, 1981). The depth is
dependant on the particular nematode species and lpbst (Alphey, 1985). Under barley 90-
95% of the trichodorids are situated in the upp@cnd (Banck, 1988). Potato-tubers grow
mainly in < 20cm depth, and thus when soil moistexels are high trichodorids exploit this

soil depth in search of the available food sou@moper & Harrison, 1973).

Trichodorids disperse horizontally slowly, usualy a maximum of 1m per year (aid
Auswertungs- und Informationsdienst, 1997), anddvdispersal is suspected to occur under

particular conditions (Cooper & Harrison, 1973).

Under natural conditions trichodorids have an aggpexl distribution in fields (Boagt al,
1986), probably as a result of their movement fataxfinding for reproduction, feeding on host-

roots and in response to soil-structure and fluctgasoil-humidity (Alphey, 1985). Suitability
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of a habitat for trichodorids is probably most degent on temperature and water, with
prolonged periods of drought resulting in inactivir even death of the nematode. Also,
Winfield and Cooke (1975) reported that trichodoridmatodes principally inhabit free-

draining, coarser textured sandy or slightly loamyss thus these nematodes are particularly
likely to encounter very dry soil conditions. Thiere, population numbers in the soil are often

correlated with rainfall (Winfield & Cooke, 1975).

|.C The Tobravirus-Trichodorid Association

Sol et al (1960) and Walkinshavet al. (1961) reportedP. pachydermusand P. minor,
respectively, as natural vectors of TRV. Subsedyefirther reports ofTrichodorus and
Paratrichodorusnematodes transmitting TRV, pea early-browning (PEBW],@epper ringspot
viruses (PRV) were published (van Hoof, 1962; Salonl973; Taylor & Brown, 1997) and
these nematodes and their associated tobraviruses lbeen shown to be of significant

economic importance.

Currently, there are 47 valitirichodorusspecies and 3Raratrichodorusspecies (Decraemer,
1995), of which 4 and 9 species, respectively, \anes vectors (Taylor & Brown, 1997).
Trichodorids frequently occur as species-mixturesl @ach species is a potential vector of a
different virus strain (Taylor & Brown, 1997aratrichodoruspachydermusndT. primitivus
are the most prevalent, and thus most economidaportant, European vectors of TRV

(Alphey & Boag, 1976).
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TRV remains viable and can be transmitted by tdchniols after the nematodes have been
starved for 20 weeks (Ayala & Allen, 1968), andhindorids stored in soil in plastic-bags were

able to transmit TRV after 3 years (van Hoof 1970).

Trichodorids transmit better in moist soil (mid%, optimum 30%; Cooper & Harrison, 1973)
and transmission is strongly temperature depend&ambpean vector trichodorids transmit TRV
at the highest rates at soil temperatures of°C20ess frequently at 2€ and at 29C
transmission does not occur (Cooper & Harrison,31.9Above 28C trichodorids became
inactive, thus accounting for the absence of trasson at the higher temperature (PSA Ahlem,

1974).

I.C.1 General remarks

A proportion of TRV patrticles ingested by a vedtaehodorid when feeding on a virus infected
plant are specifically adsorbed to the lining o# fbharyngeal tract of the nematode (Wyss,
1975). Subsequently, when the nematode next feeds tharticles are available for release and
thus establish an infection in a plant. Virus jée8 retained at the sites of retention within the
vector do not multiply (Weidemann, 1981), and camain invective for extended periods of

time, up to several years, within the vector neta@i@rudgill, 1976).
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Figure 9: crossways cut by the oesophagus-arede¢tzodorus similisvirus-particles (arrows)
in the inner space and the runner of the oesopl{&rgus. Brownet al, 1996)

Sol et al (1960) were first to report a trichodorid nematdd. pachydermysas a vector of
tobacco rattle tobravirus (TRV). Subsequently, ssv@bravirus strains have been shown to be
transmitted and disseminated by numerous trichddpécies (Brown & Weischer, 1998), with
male, female and juvenile stages each capable of traimgwittus (Ayala & Allen, 1966; Gibbs

& Harrison, 1964; van Hoof, 1964; Sol, 1963).

[.C.2 Transmission specificity

Of the approximately 4000 plant parasitic nematdties far identified only members of the
families Longidoridae and Trichodoridae are knowmatt as vectors of viruses. The longidorid
and trichodorid virus-vector species transmit \@sidelonging to only two genera of plant

viruses, nepoviruses and tobraviruses, respecti@ly a few species in each nematode genus
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are able to transmit virus: Bongidorus spp., 1Paralongidorussp., 9 Xiphinema spp., 9
Paratrichodorusspp and 4Trichodorusspp. Transmission specificity is defined as thecHic
relationship between a plant virus and its vectanatodeyiz. a recognition event between the
virus and the site of retention in the vector (Bno& Weischer, 1998; Browet al, 1995;

Cadman, 1963; Harrisaet al, 1974).

Trudgill et al (1983) proposed a set of criteria that shouldfuiidled before regarding a

longidorid nematode as a vector of a nepovirus.s&aiently, Browret al (1989) modified

these criteria for application to tobraviruses aiiwthodorid nematodes. The criteria are:

« infection of the bait (healthy) plants must be dastmated

» transmission experiments should be done with hackkgdinematodes

* it must be shown unequivocally that the given neatatis the vector of the virus and that no
other contamination factor or alternative vectos\weesent

» the nematode must be fully identified

* the virus must be fully characterised

A similar specificity in the association of trichaitls with tobraviruses was suspected and Ploeg
et al. (1992b) confirmed this by demonstrating transroisgf tobraviruses by using individual
specimens of various trichodorid species and popuktibis now widely accepted that specific
associations occur between trichodorid virus-vectorisp@nd their associated tobraviruses and
serologically distinguishable strains of the visugeloeg & Brown, 1997; aid Auswertungs- und
Informationsdienst, 1997).

Ayala and Allen (1966) reported that only two ofeth trichodorid-species transmit a strain of

TRV present in California. Van Hoof (1968) reportibat P. pachydermusransmitted TRV
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only when the virus isolate and the nematode ptipnladame from the same field site (van
Hoof, 1968). Subsequently Ploeg al. (1992a) demonstrated that the frequency of TRV
transmission by. pachydermusaried with respect to the nematode populatiod, that most

populations deriving from several European cousitizuld effectively transmit the virus.

[.C.3 Exclusivity and complementarity

Exclusivity and complementarity are important chemastics of virus-vector specificity
(Vassilakoset al, 1997; Brown & Weischer, 1998). Exclusivity is ieid as “the case where a
nematode species transmits only one virus or amdoggcally distinct virus strain and the virus
or virus strain has only a single vector”. Completadty is defined as “the case where a
nematode species transmits two or more virusesrologjically distinct virus strains, and where
two or more viruses or virus strains share the sasutor species” (Brown & Weischer, 1998).
Complementarity is the main feature of tobravin@msmission by trichodorids (Vassilakes
al., 1997), whereas exclusivity is relatively uncommath only P. hispanusandP. tunisiensis
having been found to exclusively transmit a Portsguand an Italian TRV serotype,

respectively.

[.C.4 Transmission efficiency

Differences in the efficiency of transmission freqtly occur in virus-vector nematode

interactions. As the process involves three mampmmentsviz., virus, vector nematode and
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host plant species, any variability found assodiat#h the process may result from each of
these components individually, but more commonly isonsequence of a combination, and
interactions, amongst all three components.

After access to infected plants, acquisition of vires particles can take place within 1 hour
(Brown et al, 1995). Even a single brief feed on a virus-itdd@lant is probably sufficient for
virus acquisition to occur. Conversely, a nemategetor does not necessarily become
viruliferous just by feeding on a host infectedhnét virus that it normally transmits (Taylor &
Robertson, 1970). For example, Taylor and Robelts®1n7) reported that only particles free in
the cytoplasm of plant cells could become adsosbete site of retention and subsequently be
transmitted. Harrisoet al (1974) suggested that lack of acquisition oree or dissociation

can lead to transmission failure.

TRV has been transmitted by individuals of all neada developmental stages with equal
efficiencies. However, during the moulting processhe juveniles, retained particles are shed
along with the cuticle lining the feeding apparatdarrisonet al, 1974). Also, virus particles
do not pass through the nematode egg (Ayala & All868; Taylor & Robertson, 1977).

Only one nematode is needed to infect a plant @galllen, 1966), and tobraviruses can be
transmitted serially by an individual nematode trenthan one plant (van Hoof, 1964). Thus, it
may be assumed that once an adult nematode acquirgsit remains viruliferous for extended
periods of time, and possibly for the remaindeiitsflife (van Hoof, 1964). However, the
nematode may release only a proportion of thenetavirus particles when feeding, and the
nematode may re-acquires new virus particles froenplant that it originally infected. The

ability of the vector nematode to retain virus &ttended periods without diminution of the
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virus infectivity provides a relatively efficientaghway for virus maintenance, especially over-

winter (Taylor & Brown, 1997).

Environmental factors such as temperature andnsoisture and experimental procedures as
bait plant for example also can affect vector edficly, as has been shown in laboratory studies,

e.g (Brownet al, 1995).

[.C.5 Retention and dissociation of tobravirus partidieshe vector

Factors determining the specific retention of vipasticles at the sites of retention within the
vectors are unknown. It has been suggested thiétlpaadsorption at the site of retention may
be induced by surface charge density, and thabadasn occurs due to pH changes generated
by salivation (Harrisoret al, 1974). Consequently, different strains of theeavirus, that
require different vectors would be expected to hdifferent surface charge densities, whereas
two distinct viruses transmitted by the same veegtould have similar charges (Taylor &
Robertson, 1977).

Virus retention probably depends on both intergcsarfaces.e. the cuticular lining of the
pharyngeal tract in the vector nematode, and tier @oat of virus particles. The application of
carbohydrate staining revealed the presence oidaper between acquired particles and the
cuticle lining of the pharyngeal lumen i pachydermugRobertson & Henry, 1986). This
suggests that there could be a complementary eeaboétween carbohydrates within the food
canal and lectin-like molecules on the virus coatgin. More recently, it has been shown that
the viral capsid and the 2b non-structural protaich encoded by the RNA-2 of TRV are

essential for successful transmission of TRV. Pobbtne 2b protein acts as a helper factor in
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facilitating the attachment of the virus particle at the aitretention within the vector (Brovet

al., 1995; MacFarlanet al, 1996; Taylor & Brown, 1997).

The specific site of retention is located all aldhg pharyngeal lumen in close association with
the cuticle lining the lumen of the pharyngeal tirafrus-particles are usually found attached as
a monolayer in the apices of the pharyngeal lurtienppen part of the lumen, in the region of
the onchiostyle with a central hollow core (Brownhal, 1996) and in the pharyngeal bulb,
probably associated with the presence of a muges &ong this region (Robertson & Henry,
1986). The mucus layer is suspected to protecinegtgparticles from the flow of plant sap
during ingestion (Taylor & Robertson, 1970). Théesiof virus retention are similar in

TrichodorusandParatrichodorusspecies (Browet al, 1996).

[.D Control Measures

As with most plant viruses the diseases causedR)y dre not easy to control. Soil-disinfection
products provide efficient control only for a limited nlogn of growing seasons, sometimes only
for the season after application. Other chemichlt tnhibit nematode movement thus
preventing the nematode from transmitting virus effective for only a few weeks after
application and thus have to be applied every grgwieason. Few non-chemical strategies for
controlling TRV have been proposed, and most dopnovide a high degree of success or
efficiency. As the disease problem caused to chyp3RV have steadily increased, and the
procedures for direct control of the diseases iangeld, new methods must be developed to

protect vulnerable crops such as potato growinigued with vector-nematodes and TRV.
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Trichodorids and TRV each have an extensive numliewaed species as hosts, thus
trichodorids can readily acquire TRV from infectedeeds (Kegleret al, 1989) and
subsequently transmit it many months later (Hemid©83). Therefore, efficient weed control

is a pre-requisite in any cultural control methethly proposed.

The most efficient and reliable method to contr®VTin commercial crops is to breed virus-
resistant cultivars. However, use of resistant tpotaltivars is problematic as TRV-strains
differentially affect potato cultivars (Xenophonttsal, 1998) and the most appropriate cultivar
for suppressing disease symptoms may not be tlierqgeé marketable cultivar (Maas, 1975).
Breeding is based on selection for resistancehyparsensitive response. Recently, seed potato
tubers of cultivars that do not exhibit visible syorps of infection with TRV have been shown
to present a potentially efficient pathway for sreof the virus to new sites at which the

associated vector trichodorid species is presestti(Ronet al, 1995).

[.D.1 Chemical

Nematicides and nematastats can be used to reduce therrafrtrichodorids, or to temporarily
immobilise them, and consequently reduce the imp€RYV at field sites (Cooper & Thomas,
1971). However, such control is not fully effecta® some nematodes always survive (Alphey,
1985). There are only a limited number of autharigeducts, but several of these are effective
particularly when TRV infection is low (Reepmey&873a). In growing seasons with cool,

damp weather 100% control of the virus infectioraiisusceptible crop may not be achieved
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(Heinicke, 1983). Also, in many potato-growing ard¢lae oxime-carbamate group of chemicals
is forbidden. These chemicals must be used eadh d@irsusceptible crop is grown, and the
chemicals are extremely toxic, with the recommendésl of application of these chemicals per
square metre sufficient to kill 10 adult humanscd&ese the limit of tolerance of affected tubers
is very low, the use of expensive chemicals suclthasoxime-carbamates (>1000DM per
hectare) can be problematic, especially if thergefrice of the potato crop is low.
Agro-chemicals are now widely regarded appreciasdbeing a cause of environmental
problems (aid Auswertungs- und Informationsdieh887). In the flower-bulb producing areas
in the Netherlands chemical disinfection of soitated in the 1960s. Because of environmental
pollution the use of nematicides and nematastats haen curtailed since the 1980s (Asjes &
Blom-Barnhoorn, 1998). Consequently, in the Netmt frequency-reduction of soil-
fumigation is directly associated with increasimglppems with TRV/trichodorids (Hartsema &

Molendijk, 1998).

As trichodorids can acquire TRV from weeds, weedti@d can have an important effect on
suppressing the effects of TRV infection in susbéptcrops. However, the use of herbicides
(Cooper & Harrison, 1973) in the first year may d@éittle effect as the trichodorids present at a
site already have TRV. Also, in the second yearetingay be sufficient trichodorids with TRV
to sustain the TRV problem. An effect from effidieveed control may only be seen during the
third or subsequent years, and this is dependetiie@susceptibility of the crop being grown.
Weed control has to be maintained as TRV infecteddixseeds may lie dormant in the soil for
many years (>80 years) before germinating and phesenting a pathway for the nematodes to

re-acquire the virus.
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Interestingly, efficient weed control in a potatom may significantly increases TRV infection
as the nematodes feed preferentially on the weedesgpand in the absence of their preferred
hosts the nematodes are forced to feed on theopptahts (Cooper & Harrison, 1973).

However, weed control is essential in potato ctogacilitate efficient harvesting.

|.D.2 Cultural

Growing of selected inter-crops that are knownetduce the level of virus and/or its vectors in
the soil may offer an alternative strategy to redoc suppress the effects of TRV on the
following crop. Few experiments have been carriettounvestigate this approach and the
results from these studies are often contradictmryinconclusive (Lutke-Entrup, 1973;
Seemdller, 1986; Maas, 1974). For example Maas (Bt41975) reported less damages at
potato after summer-barley as after sugar-beetofriradiction Kegler (Kegleet al, 1984)
published results that after summer-barley an aszé infestation could be seen.

Consequently, a comprehensive review of this agbr@anecessary.

37



|.LE Research Objectives

As a consequence of the increasing problem of TiR®Cction in the potato growing areas in

Germany a research project was established witfollogving objectives:

I.LE.1 Assess the occurrence of TRV and virus-vectorddotids in potato areas in Germany
Soil samples were collected from selected potatavigig areas in Germany and bait-tested for
the presence of TRV. The recovered viruses wergactaised immunologically and
serologically, and virus-vector trichodorids exteactind the species identified. This to provide
benchmark data on the occurrence, distributionpatential relationships between virus-vector
trichodorid species and their associated serolthgidastinguishable strains of TRV present in

potato growing areas in Germany.

I.LE.2 Determine the specificity of association betweetaies of TRV and their associated
virus-vector trichodorid species.

This was achieved by doing virus transmission exparsin which individual nematodes were

used to transmit TRV, thus enabling the virus strand the nematode species each to be

accurately determined. This overcame the frequeatityrring problem of several trichodorid

species occurring together at a site thus rendéringpossible to determine which species were

acting as vectors. Also, several species may Iosmiting virus and only one strain may be

recovered from the bait plants thus masking themence of other strains of the virus.

I.LE.3 Assess TRV strain and potato cultivar interactions
A questionnaire sent to growers requesting infoilmnaabout the occurrence of TRV induced

symptoms in potato cultivars provided insight ofsgible TRV-potato cultivar interactions.
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These data identified field sites where particplatato cultivars did and did not exhibit TRV
symptoms in tubers. A catalogue of potato cultiv@@s produced that revealed those cultivars

that never, or only infrequently, showed symptof§RV infection in tubers.

I.E.4 Develop a diagnostic test for TRV isolates occgrimpotato fields in Germany

Three diagnostics were developed based on thefudg\ostrain-specific antibodies involving

the use of an electron microscope (ISEM, immunasdrielectron microscopy) and ELISA
(enzyme-linked immunosorbent assay). The third otkthnvolved RT-PCR (Reverse

Transcriptase-Polymerase Chain Reaction) that gesva rapid procedure for identifying the
existence of TRV and the strain of TRV present. RiePCR method allows identification of

TRV present in plant and in nematode extracts.

I.LE.5 Assess the use of selected antagonistic plantespéoi suppressing TRV and virus-
vector trichodorids in potato fields
Selected antagonistic plant species were growrfiatdasite known to be heavily infected with
TRV and trichodorids. Nematodes were extractedtatvals from soil samples collected from
the experimental and also soil was bait testedi®presence of TRV at intervals to assess the
decrease of nematodes and TRV, respectively, u@edifferent plant species used in the
experiment. The results from this experiment idesdifseveral crops that may be used to
suppress the presence of trichodorids and TRV diedsoa potential practical non-chemical
approach for the control of TRV in the potato gnogviareas in Germany, and possibly

elsewhere.
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I Material and methods

[ILA Plants

Host plants for TRV were selected for the followggerimental requirements:

Bait plants- seedlings of herbaceous plants that become infected wdracdin soil containing
viruliferous trichodorid vectors, and thus can lsedito assay the presence of infectivity. The
bait plants were exposed to the nematodes in soB-» weeks and then sap from the roots
and/or tops was mechanically inoculated to suitadaleator plants.

Indicator plants- when inoculated with TRV, usually in infectecapl sap, rapidly develop

symptoms in the treated leaves

Local lesion host used to distinguish strains of TRV

Propagation hostsplants in which the virus multiplies as the Mlgte.

TRV, and its trichodorid vectors, have a very whast range among cultivated and wild plants.

The following species were selected because mosgharh have been used extensively for

various experiments with TRV:

* Nicotiana tabacunecv. Samsun: as bait plants

¢ Nicotiana tabacumcv. Xianthi-nc: as propagation hosts for TRV armd PCR and
immunological tests

« Nicotiana clevelandiias propagation hosts for TRV for EM preparations

* Nicotiana tabacuntv. Nevrocop,Nicotiana rusticaand Nicotiana banthamianafor their
usefulness as virus-propagators

e Chenopodium quinoev. Willd.: as indicator plants

* Chenopodium amaranticolav. Costeet Reyn: as indicator plants
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II.B  Soil sampling

Soil samples were collected from fields in northern Gerntlagiyhad a history of TRV infection
I.e. spraing symptoms in the tubers. At each site smihples were taken at random using a
1.5cm diameter auger. Each sample was taken tpth déapproximately 40cm and sufficient
samples were taken at each site to provide a catemasnple of approximately 2kg soil. The
soil cores comprising the composite sample were carefaltg@ in polythene bags, which were
then labelled, and handled with care until thexihed the laboratory. Soil samples that could
not be dealt with immediately were stored in aigefiator at 4C. Each composite sample
provided two 200g sub-samples for nematode extraaitd two 500g sub-samples for bait

testing for the presence of TRV.

[I.C Potato tubers

To ascertain the extent of TRV infection in a patac crop of potatoes, tubers were examined
for external evidence of TRV infection (misshape, nodwaad)then cut in slices for evidence of

spraing symptoms (necrotic spots and arcs).

For a more precise assessment of infection aliuibers from the crop were sliced mechanically
with each slice assessed according to the followlassification (Bonituranleitung, 1981):

symptomless = no visible symptoms

light = symptoms covering <40% of the section
medium = symptoms covering 41-60% of the section
high = symptoms covering >61% of the section
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[I.D Nematodes

[1.D.1 Extraction

Nematodes were extracted from 200g aliquots of thlk soil sample using Flegg's (1967)
modification of Cobb’s (1918) decanting and sieving metmatifinal separation in a Baermann
funnel (1917). This procedure is described in dé&aiBrown & Boag (1987). The trichodorid
specimens obtained were identified and countedl{skmv), and fresh specimens used for the

Virus transmission tests.

I1.D.2 Vector-determination

Individual specimens of adult trichodorids obtaitgdextraction from soil samples were placed
in a drop of water on a microscope slide and kilbgdapplication of gentle heatq. 65°C).
Paratrichodorusspecies were readily distinguished by their swatlaticle, which did not occur
with Trichodorusspecies. Identification of species was made vatarence to the shape of the
vaginal sclerotizations in the females, especifdly Trichodorusspecies, and the shape and
structure of the spicules in the males. Tentatileniification was confirmed by reference to

Decraemer’s (1995) tabular key.

[1.D.3 Single nematode transmission

Precise studies of virus transmission can only bearusing individual nematodes. This is a

method that overcomes the problem of mixed spe@esilgtions that frequently occurs with
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trichodorid vectors. Plastic Beem capsules (sierf¥) were one-third filled with sieved air-
dried sand with a particle size of 500-1p60 Water was added to half fill the capsule with th
surface 2mm above the surface of the sand.

A single specimen from the trichodorid population undeestigation was then floated on to the
surface of the water in the capsule, a bait plaeting . tabacumcv. White Burley or cv.
Samsun oN. clevelandii was added and further sand added to fill thewtaps

The filled capsules were partly plunged into a aor of wet sand to minimise the loss of
water by evaporation and maintained in a controkewironment at about 20, with
supplementary lighting, for 7 to 14 days.

After this period the contents of each capsule weashed into a glass beaker, using a Pasteur
pipette and about 5ctwater. The roots of the bait plant were thoroughly agitate¢he water in
the beaker to dislodge the nematode, the contents wenrg gexeid, and the supernatant poured
into a counting dish.

The nematode was located with the aid of a binocniaroscope and immediately transferred to
a drop of water on a microscope slide and headkftbr identification.

Each of the bait seedlings from the capsules frdnchva trichodorid nematode was recovered
were transferred to small pots containing stedligetting compost and grown for three to eight
weeks to allow for any transmitted virus to multipThe roots of the seedlings were then
washed free from adhering compost and comminutedniortar and pestle and the suspension
rubbed by finger onto the leavesG@fienopodium quinoar C. amaranticoloy test plant.
Test-plants showing typical symptoms, usually aftena three days, provided evidence that the

single nematode had transmitted TRV to the seedling
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|Figure 10: single-nematode-transmission-test; Miraissmission
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[1.D.4 Cultivation

Trichodorids are difficult to culture and populatso multiply slowly. Populations of the
trichodorid species used in the various experimenrte therefore obtained from field locations

in northern Germany with a history of TRV infectimnpotato crops.

[I.E Virus

Irrespective of whether recovery of the virus wagda from the nematode or indirectly by
inoculated tobacco bait plants, the symptoms of irdaatin the leaves of the indicator plants are
identical. The various strains of TRV were subsatjyedentified by electron microscopy and

serological methods.

Tobraviruses were easily recognised in the electron neigpesby their rod-shaped form and the
size of particles (Roberts, 1986a; see IIE7). Arcedatermination of the virus strain was made
with specific antibodies using the technique of inmmsorbent electron microscopy (see IIES;
Roberts, 1986a and b) or the decoration test [E6g |

Enzyme-linked immunosorbent assay (ELISA; see |[IB5erological technique, also was used

to demonstrate the presence of a specific straarvalis.

The determination of virus strains is important bec#lus@bservation of resistance or tolerance
of potato cultivars with recommendations to cultichoice and assessment and mapping of

infection risks is based on this determination.
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II.LE.1 Proof with bait-test

In the tobacco bait test (= bio-test) tobacco segsllwere planted in bulk soil samples and
grown for about 5 weeks. This was sufficient tirmedny vector nematodes to feed on the roots
and for the virus to multiply (Taylor & Brown, 1997

The roots of the bait plant were comminuted in a pestle aningsee 1IE2) and the suspension
rubbed on the leaves @henopodium amaranticolandC. quinoaindicator plants. After 3-7

days characteristic symptoms of TRV infection appéan the indicator plants.

[I.LE.2 Inoculation

Plant-viruses can be mechanically transferred femmnfected host plant to another plant in
which symptoms characteristic for certain virusestrmins are produced. The potentially virus-
containing material (usually fresh or freeze-drigtenopodiumer tobacco-leaves or tobacco-
roots) was crushed with as little water as possibéemortar.

Virus free (Bos, 1983) indicator plants were lightlusted with 600 carborundum powder (=
silicon carbide), which during mechanical inocuaticauses small wounds in the epidermal
cells and increases the chances of transmission.c&lis do not die, so that the virus was
transported into living cells where it can repleé@Bokx, 1972).

The suspension of material was rubbed on the itatigaants (usually a single plant Gf.
quinoa C. amaranticolor,N. tabacumcv. Xianthi) using a clean finger. If only sindeaves
were inoculated they were marked with a small holelistinguish between primary infected

leaves and secondary systemic infection (aid Auswgs- und Informationsdienst, 1997).
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Afterwards, the leaves of the plants were washetlyin a gentle stream of water and placed
in a greenhouse, taking care that the plants did¢eome into contact with one another to avoid
transmission through contamination.

The optimum temperature for inoculation dependshanvirus and the plant (Bokx, 1972),

therefore with TRV a temperature abové@8vas avoided.

II.LE.3 Virus-recovery

For the production of a suspension of leaf maténialSEM, decoration, ELISA and RT-PCR a
piece of leaf of approximately 1x1cm with symptomswaken with clean fingers off the plant
and pushed into a 0.5ml Eppendorf tube with a nesharpened toothpick. A small quantity of
600 Carborundum and 3 drops of citrate-buffer veelged. The toothpick was put into a mini-
drill and the leaf piece crushed thoroughly wite tinsharpened end. Citrate-buffer was added
and the solution was again crushed thoroughly.

The closed Eppendorf tube was centrifuged for 10mih0@0rpm to disperse the virus particles

into the supernatant whilst forcing plant debrighi® bottom of the tube.

II.LE.4 Virus strain determination with ELISA

In the ELISA procedure antibodies against differéntis strains were attached to a synthetic
material in wells. A leaf-suspension was put iraclewell and a colour reaction occurred when
virus was present.

The colour reaction was caused by the enzyme (ysalkbline phosphatase) reacting with the

substrate (p-nitrophenyl phosphate) with the satestiurning yellow. The colour change was
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measured in a spectrometer (405nm, absorbance)reBés of this test indicated the virus

strain.

During this work the indirect triple-sandwich-ELISMamptonet al, 1990) was used, as it had

been shown to be most useful for TRV.

II.LE.5 Electron microscopy basic methods

With the electron microscope viruses can be imntelgiavisualised and identified; and this
method is more sensitive than serology (Bokx, 1972).

For all of the tests described here a Zeiss EMdrsmission electron microscope was used.

All work with liquid drops was done on wet paper anPetri-dish to reduce evaporation.
Siliconised slides were used as drop-pads andah&t surface of the slide was used to create

sphere-shaped drops that makes it easier to hned¢gids.

Grid-production

For ISEM and decoration tests filmed (0.5% piolofom chloroform) and carbon-coated

copper-grids of 300mesh were used.

Negative contrasting with PTA = phosphorus tungai@d sodium salt

Three to 4 drops of the stain were slowly drippeerdhe carbon-coated side of the grid, which
was held vertically with tweezers. The grid wasdlighly dried with pieces of filter paper that

were held against the edge of the grid.
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II.LE.6 Virus strain determination with drop-tests

One 1@l drop of the suspension to be examined was plagedsiliconised slide and a carbon-
coated grid was then floated on the surface ofitbe for 5min to 4hours. Each grid was then
stained with PTA and examined in the electron mawps for the presence of TRV patrticles.

The number of particles per unit area were counted.

[I.LE.7 Virus strain-determination with ISEM

If the number of virus-particles in the test material wag M@v, as occurs frequently with TRV,
virus-particles may not be found despite examinatibomany grid-meshes. This false-negative
result because of low virus concentration was @raec by using ISEM (immunosorbent
electron microscopy; Bos, 1983).

In this technique support films on EM-grids wereqwated with specific antibodies. To these,
homologous or closely related virus particles wieapped and concentrated from plant or
nematode material. The virus-particles were absbsetectively by the antibodies serologically
related to them. The grids then are observed by EM.

ISEM indicated the serological relatedness of vparicles in samples and the virus-antibodies
that were used. If the increase of the relative memof virus-particles by ISEM per standard
area was 3 times or more, this was considered proof oéldtenship of the virus and antibody.
The greater the enrichmem.¢. an enrichment factor >100) the closer the virus vedated to
the antibody.

By using serologically different antibodies a cifasation of relationships could be established

between the different viruses/ isolates.
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Also, by using antibody mixtures it was possible taaase the probability of finding antibodies
that recognised the virus being investigated, &og teduced the time required to identify the

Virus.

ISEM-method

A 1:1000 solution of antisera was produced in anD.Eppendorf tube in 0.06M phosphate-
buffer PH6.5. 1QI drops of this solution were placed on a silicedislide in a glass-Petri-dish.
A filmed and carbon-coated copper grid was incubate each of the drops for 60 minutes at
30° C. The antibodies were absorbed tightly to the grid surfdeegrids were then tipped at the
edge briefly on a filter paper and immediately pthin a vessel (diameter 18mm) filled with
0.06M phosphate-buffer PH6.5 with positive menisitusa 10 minutes washing period. Grids
floating on the surface were moved by rotationngisa plastic-pipette, three times to ensure
thorough cleaning. After this they were again tgbjpeiefly on filter paper and floated ondl0
drops of the prepared leaf extract. These were gliacgimilarly prepared Petri-dishes and were
incubated for 4 hours at £.

After 2-4 hours the grids were removed from the dropkséored under vacuum. The grids were
examined in the EM within 2 days. The number ofblesivirus-particles were counted at a
magnification of x10,000 in several fields of vieand the average per field of view was
calculated and converted to a defined standard ditg@a enabled comparisons to be made
between different grids. The relative virus-paeinoumbers with and without ISEM were

compared and an enrichment of at least x3 was anesictvidence of the identity of the virus.
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Figure 11: production of antibody-coated grids (A@Bd ISEM-method
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A mesh contains approximately 100 fields of view drahly a few virus particles were present
a maximum of 100 fields of view were examined. If naigiparticles were found in this number
of fields, the next grid was examined. If the numbkwirus particles was large, only a few
fields were examined with 3 fields of view being thenimum examined. For calculation of the
ISEM-result the number of virus particles on alirgls were added and the number of particles
then divided by the sum of the examined fields efwi

Example: 60 virus particles in 30 fields of view, @8is particles in 30 fields of view, 61 virus
particles in 30 fields of view > (60+63+61) : (30+30+30) = 180 = 2.04 (the result is rounded
to two decimal places). This is the Av. P/FV = fage Particle by Field of View.

This result is multiplied by the factor 118, whislas calculated from the visual qualities of the
TEM used in this work and its magnification. Thesthe P/SA = Particles by Standard-Area,
which means the number of virus-particles on aa afd 000

A control (grid without antibody-layer) from the rsa leaf-sap was always prepared and
counted. The P/SA of the control and the P/SA ef IBEM-Grid were compared and this

provided the means for calculating the enrichmeateir.

Examples:
P/SAISEM : P/SA control = enrichment-factor
a 451 451 1
b 9.00 4.50 2
C 5.50 1.45 3.79
d 44.50 1.55 28.71
e 1.50 2.60 0.58
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a:  the number has remained same; the antiboaiesrot caused enrichment, thus the
result is negativee. the antibodies have not recognised the virus.

b:  the number has doubled; the antibodies haveedsan enrichment factor of 2, but this
result is considered negative as the enrichnaetbif must be at least 3 before being
considered as evidence of recognition betweearitibodies and the virus.

c, d: the number has increased by a factor efat I3; thus the antibodies have caused an
enrichment and this is considered evidence dafipesecognition between the antibodies
and the virus.

e: the number has decreased; consequently tlhedies have not caused any enrichment

and this result is negative.

The decline-phenomenon (e) can be caused by enzjpresases) that are contained in the
leaf-extract, and which break the antigen-antiboalyebresulting in a decrease in the particle-

number.

II.E.8 Virus strain-determination with decoration, titeecbration

To investigate quantitatively the degree of relagsdrbetween a virus and antibody a decoration
test was carried out. Antibodies were used in exaadsif they adhered to virus-particles this
was because of an antibody-virus recognition eVt large amount of antibodies were used,
a visible “coat” could be observed in the electnaoroscope which indicated a positive result. If
the virus-particles were not decorated with such at“@digh antibody concentration, this was

considered evidence that the virus and antibodars wot related.
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To determine the degree of relationship, a sefiemiibody-dilutions was produced and tested.
The dilution at which a clear “coat” could still becognised was referred to as the “decoration

end point®.

A further advantage of decoration is the recognitd different mixtures of virus-serotypes. If
mixtures of serologically different virus particlescur, they become decorated differently
depending on their degree of relatedness withikibadies used and can be distinguished. The
thickness of the hem and/or the decoration endtpdiiffer, therefore mixtures of viruses are

readily recognised.

The standard decoration tests (Roberts, 1984) waréed out using AVMs (antibody-virus-
mixtures). This method of production of an antibatiiytion-series contained the following
parts:

6 drops of phosphate-buffer were placed on a siltceated slide. The first containeduBlthe
others 1@l. 1ul of the antisera was added to the first drop vatbapillary-pipette and was
mixed by agitation using a i Eppendorf-pipette. Similarly, 16 was removed at the end of
the mixing period and added to the second drop amddwwith in the same way. This was
repeated until the last drop and the surplus q@fl ¥&as discarded. Consequently, a row of 6
drops with 1@l antisera solution of the dilution-degrees of 11324 1:128 1:256 1:512 1:1024
was produced.

4.5ul of the leaf-sap were added to each of the drogsnaixed with a clean Eppendorf-pipette.
The virus-particles in the leaf-sap came into dimantact with the antibodies through this

method and stuck to them. This mixture was incubateRiC. After 4 hours a grid was
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Figure 12: decoration-test
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placed on the mixture, and then immediately remauadl stained with PTA. This procedure
was carried out with each drop.
The virus-concentration was increased by this nekthofactors of 2 to 20 times in contrast to

the usual drop preparations.

Decoration assessment

Examination of the preparations was started withgttiés that had been exposed to the most
concentrated antibody solution (mostly 1:32). ThHeVTisolates were examined and their
appearance compared with that of other virusestebadlagelli or dirt-particles in their
surroundings. If the coat of the viruses appeareterthick in comparison to the “coat” of the
other particles, the decoration was consideredipesi

Grids with less concentrated antibody solutionsewexamined next. The antibody coat always
became thinner with lower antibody dilution. Thaali dilution, at which the coat was still
obviously thicker around the TRV particle, was dwieed to be the end of the decoration and

was regarded as a positive result.

II.E.9 Particle-measurement

The size of TRV-particles can be used to estimate strdarafices. To estimate particle-size, at

least 100 particles were measured from photograpegatives analysed under a binocular

microscope. The measurements were classified imbmpg of 10 or 25nm creating a

Histogramm to calculate the normal length of theiiglas.
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lll Biological assessment

[1l.A Introduction

The extent to which TRV is a problem in Germany wasstigated by undertaking a

survey. Soil samples were obtained from locatiohere TRV was believed to be present
and the presence of the virus was subsequentlyricad in laboratory tests (see Chapter
I). Questionnaires (see IlIB2) were then sentdiected farmers and agricultural advisory

officers in those areas where TRV infections hashhdentified.

[11.B Material and methods

[11.B.1 Biological assessment questionnaire

The questionnaire contains 6 different headings:

1. location:
With these data the sites were localised and assitm different areas. This provided
insight of any accumulation of infected sites ir@fic areas.

2. soil characteristics:
The influence of soil conditions on the expressibrsyanptoms, and the occurrence of
TRV damage, is not known. Some observations haggested that high soil moisture
increases the mobility of nematodes and therefugespread of the virus. Collection of

relevant data as supplied in the questionnaireddoeihelpful in confirming this.
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3. occurrence:
Information about the history of occurrence of TR¥nptoms can reveal how farmers
deal with TRV problems, particularly if they have tried eliéint potato cultivars, or if they
ceased growing potatoes because of a single iregd&EnT RV damage.

4. rotation of crops:
The influence of different crops on the occurreatérichodorids and/or TRV has been
speculated. Also, in this connection the crop ratadf the preceding years needs to be
examined to identify any changes in TRV damage afiecific rotation patterns.

5. symptoms:
This information identifies the main symptoms ine ttareas examined and the
characteristic symptoms that are associated withjr#gluenced by, different cultivars.

6. potato cultivar:
Information supplied under this heading potentialhuld identify TRV resistant potato
cultivars. As there is different and often contcaolly information about the resistance
characteristics of potato cultivars, an examinatainthe actual situation occurring
particularly with German potato cultivars and stsadf TRV occurring in Germany, is

essential.

To obtain an overview of the occurrence of trichtleector species the soil samples from the

various locations were processed and the iderttdicaf the specimens determined (see 1ID1

and IID2).
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Figure 13: questionnaire about TRV-infected sites

Essay: ,on the transmission of tobacco-rattle-virus

(TRV) by

nematodes in potato-cultivation

processing-number:
(please do not fill out)

QUESTIONNAIRE
for soil-samples in the case of suspected tobaccatite-virus

Infestation (multiple answers are possible)

Please describe the precise location.
land registry number:

post code:
area:

What damage has occurred?
Spots O
arcs O
bungs O
star-formed fissures O
brown areas in the
vascular-bundle O
others

How would you estimate the damage?
light O
middle O
strong O

When did the damage last occur?

Which potato cultivars have been affected?

Have you noticed this damage on potatoes at thigesbefore?
yes O
no O
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Which potato cultivars have been affected?

Have other potato cultivars been planted on the saeffield, that do not show any symptoms?
If yes, which cultivars and when?

What type of soil applies to the site?
Sand

sandy clay

clay

Has the field been watered?
yes 0
no

(|

Which soil humidity applies to the site?
very dry
dry
normal
humid
very humid
temporary flooded

N I A O B O

Please describe the rotation of crops as far as sisle.

19 main crop
inter-crop

19 main crop
inter-crop

19 main crop
inter-crop
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[11.B.2 Examination of soil samples

The soil samples were tested for TRV by bait-tgs(see IIE1) followed by ISEM (see IIES).
The nematodes were extracted (see IID1) and triciadslpresent were determined to species
level (see 1ID2). Affected tubers sent togethehwite soil sample were visually inspected by

slicing them (see IIC).

[11.C Results

[11.C.1 Diversity of sites

Fifty-six samples were investigated in the study] 86 of them (64%) proved to be TRV-

positive.

lll.C.1.a Location

Some of the farmers were reluctant to provide details ahthet location of their infected fields

due to commercial confidentiality. However, most werdinglto provide full details of the area

in which their fields are located (Tab. 2) andéReent of any crop infection with TRV.

Because of confidentiality, location data (namejrasls, contact) are not published here, but

may be obtained from the author after consultadiwh agreement from the farmer concerned.
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S54 and S55:

Tubers from these sites were inspected, and shomexglivocal symptoms of TRV infection.
Soil-samples from these sites gave negative results wlagthave been due to an inappropriate
method of taking the samples (wrong depth, wromg tf the yearetc); method of storing the
samples (wrong temperature, too long a period pnditessing); or samples taken from only a
few places at the site (no nematodes in the sabguause of the aggregated distribution of the
nematodes).

Because of the unequivocal symptoms in the potdters, these sites are included in this work.
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Tab. 2: location-data of the TRV-positive sites

site state| post code|area district administration district

NiS | 30900 Mellendorf | Burgdorf Hanover
S1

NiS | 21397 Vastorf Lineburg Lineburg
S2

NIiS | 21442 Toppenstedt | Harburg Luneburg
S5

NiS | 29556 Suderburg/ |Uelzen Lineburg
S7 |= Hasenwinkel
S10(=|NiS | 29227 Osterloh Celle Lineburg

NiS | 29485 Bockleben Luchow-Dannenberg Lineburg
S14

NiS | 29485 Bockleben Ltchow-Dannenberg Lineburg
S15

NiS | 29562 Suhlendorf Uelzen Lineburg
S16

NIiS | 27327 Martfeld Diepholz Hanover
S17

NiS | 38518 Neubokel Gifhorn Braunschweig
S19

BW |79258 Hartheim- Breisgau /Hochschwarzwal&reiburg
S21 Feldkirch

BW | 79206 Breisach- Breisgau/Hochschwarzwald Freiburg
S22 Gindlingen

NiS | 29499 Zernien Luchow-Dannenberg Lineburg
S29

NiS | 29499 Zernien Luchow-Dannenberg Lineburg
S30

NiS | 29485 Bockleben Ltchow-Dannenberg Lineburg
S31

B 97359 Horblach Kitzingen Unterfranken
S32

NiS | 27374 Visselhovedel Rotenburg, Wimme Lineburg
S34

NiS | 26160 Wehnen/ Ammerland Weser-Ems
S35 Westerstede

NiS | 49356 Schwering- | Diepholz Hanover
S36 hausen

NiS | 49356 Schmalvorde| Diepholz Hanover
S37 n

NiS | 29562 Suhlendorf Uelzen Lineburg
S40
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NIiS | 29562 Suhlendorf | Uelzen Lineburg
S41

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S42

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S43

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S44

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S45

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S46

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S48

NIiS | 29562 Suhlendorf | Uelzen Lineburg
S49

S 01683 Nossen Meil3en Dresden
S50

BW Breisgau Hochschwarzwald Freiburg
S51

B 86666 Stral3 Erding Oberbayern
S52

NiS | 26160 Wehnen/Bad| Ammerland Weser-Ems
S53 Zwischenahn

B 85622 Ingolstadt/ | Minchen Oberbayern
S54 Feldkirchen

B 85452 Moosinning | Erding Oberbayern
S55

NiS | 49835 Wietmarsche| Grafschaft Bentheim Weser-Ems
S56 n
state: NiS = Niedersachsen / Lower Saxony

BW = Baden-Wirttemberg
B = Bayern / Bavaria
S = Sachsen / Saxony

64




[1.C.1.b Mapping

[11.C.1.b.1 Lower Saxony
Twenty-seven of the 35 sites are located in Loveeo8y (Fig. 14).
From these 27 sites:
e 20 are in the administration district of Lineburgg( 15 and 16):
* 11 in the district of Uelzen,
« five in Luchow-Dannenberg,
» one each in Celle, Harburg, Lineburg and RotenWiigime.
» four sites are part of the administration distoicHanover (Fig. 15 and 16):
 three in the district of Diepholz,
» one in the district of Burgdorf.
» two sites are situated in the administration disof Weser-Ems (district Ammerland) (Fig.
15 and 16) and
» one site in the administration district of Braunsely (district Gifhorn) (Fig. 15 and 16).
The large number of sites in this State is a camssce of the exceptional co-operation received

from the Plant-Protection Department in Hanover.

[1.C.1.b.2 Bavaria

Four sites are in Bavaria (Fig. 14).

» Three in the administration district of Oberbayern:
* two in the district of Erding,
 one in the district of Miinchen

* One in the administration district of UnterfranKerstrict Kitzingen).
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Figure 14:location of the TRV-sites in the different stabé&ermany
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Figure 15: location of the TRV-sites in the different administration districts of Lower Saxony
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Figure 16: location of the TRV -sites in the different districts of Lower Saxony
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[11.C.1.b.3 Baden-Wirttemberg
Three sites are in the state Baden-Wurttemberg {8ig
» administration district of Freiburg
» two in the district of Breisgau-Hochschwarzwald,

* one in the district of Hochschwarzwald.

1.C.1.b.4 Saxony

One site is located in Saxony (administration disiresden, district Meifl3en) (Fig. 14).

[11.C.2 Diversity of soil

Farm land used for potato cultivation was sandyamdwhich is based on the requirements of
potato cultivation and available farm land. Of fhiRV-positive sites in this study 62% were
sandy and 38% sandy clay. The humidity ranged fveny dry (27%), dry (40%) to normal
(27%). Only two sites (6%) were characterised as arel no site was very wet or temporarily

flooded.

Irrigation of fields is necessary to obtain a $atiry crop, but this has financial implications
for the farmer. Irrigation was used at 62% of the siteggA inrigation intensity produces a high
yield, for example in Lower Saxony the average yisld14.2dt/ha, as compared to an overall

average for Germany of 376.2dt/ha.

69



Table 3: characterisation of the soil of TRV-pastsites

site

sand

sandy| cla
clay |y

watered

not

watered

very
dry

dry

normal

humid

very
humid

temporary
flooded

=il

X

S2

S9

S

25-28

S10

18-24

X

S14

38-40

Silts

25-30

S16

24

S17

25

Sl

22

S21

40

S22

30

XXX XXX

S

35

S30

30

XXX XXX X [X

S31

30-35

S32

35

details

not

S34

28

S35

28-30

S36

S37

XX [ X [X

S40

25

S41

25

S42

25

S43

25

S44

25

S45

25

S46

25

S48

25

S49

25

XX XXX XXX [X

XX XXX |X|X | X [X

S50

Slail

40

Sle

35

S53

27

S54

70

S55

S56

25-33

XXX [ X [X

XXX X [X
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[11.C.3 Diversity of disease occurrence

The data on occurrence ranged between 1993 and 1999
Mostly the damage has occurred before (81%). Tleains that most of the farmers try to solve
their TRV-problem by using other cultivars, crogaten-patterns or cultivation-techniques.
They do not give up potato cultivation becausenaf year of damage.

Table 4: chronological occurrence of damages o RR€-positive sites

site

last occurrence of damages

first occurrence

damages also occur before

no damages

=il

1993

X

S2

1994

S9

1994

S

1994

S10

1993

S14

1998

Silts

1994

S16

1994

S17

1997

XX [ X | X |X|X

Sl

1994

S21

1994

x

S22

1994

S

1995

X

S30

1995

X

S31

1998

S32

1995

details not given

S34

1995

X

S35

1995

S36

1996

S37

1996

S40

1996

S41

1996

S42

1996

S43

1996

S44

1996

S45

1996

S46

1996

S48

1996

S49

1996

S50

1997

XXX XX [X[X[X[X]X

Slail

1998

Sle

1998

S53

1997

S54

1999

S55

1998

XX [ X [X

S56

1998
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[11.C.4 Diversity of crop rotation patterns

The most important rotation crops before potatoesyeain crops (barley, wheat, rye). Twenty-
nine sites (85% of the 34 potato sites for whid¢hrmation was available) had this rotation.

The main group (21 sites) of these had combinatibigsain crops with other crops:

» sugar-beet (5 sites),

* maize (5 sites),

 others (turnips, tobacco/rape, 11 sites)

Rotations with only grain crops (7 sites) or graiops and grass (1 site) are relatively rare.

In only a few instances (4 sites, 12%) grain crpee not included in the crop rotation:
* maize at two sites
* maize/sugar-beet at one site

» sugar-beet/onion at one site

Inter-crops are not generally used. Only at 15 9#&%) had the farmer planted an inter-crop
between the main crops. The principal inter-crop wikradish (14 sites), and at individual sites
lupins, winter-rape, dBrassica rapahad been planted. At 9 sites a mixture of legumes had been

planted (see Chapter VII.)
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|Figure 17: grain crop-rich crop-rotation-patterhghe TRV-positive sites

|Figure 18: grain crop-free crop-rotation-patterhthe TRV-positive sites
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Table 5: rotation of crops of the TRV-positive site

year of year year year year year
damages before before before before before
site | main inter- main inter- main inter- main inter- main inter- main inter-
crop crop crop crop crop crop crop crop crop crop crop crop
S1 | potatoes grain
crops
S2
S5
S7 | potatoes winter- | oil-radish | sugar- | lupins summer- potatoes
barley beet barley
S10| potatoes summer summer- sugar- potatoes summert
barley barley beet barley
S14| potatoes winter- winter- Triticale potatoes maize
barley barley
S15| potatoes maize Triticalg winter- potatoes
barley
S16 | potatoes sugar- | oil-radish | summer- potatoes summert sugar- oil-radish
beet barley barley beet
S17| potatoes winter- winter-
barley rye and
potatoes
S19| potatoes | oil-radish§ winter- summer- potatoes | winter- J summer-
rye barley rape barley
S21 | potatoes sugar- maize
beet-seed
S22 | potatoes sugar- onions
beet
S29 | potatoes sugar- Triticale winter- potatoes parsley
beet barley
S30 | potatoes summer| sugar- winter- potatoes
barley beet barley
S31 | potatoes maize Triticalg winter- potatoes
barley
S32 | potatoes
and
carrots
S34| potatoes maize
S35 potatoes Triticale| oil-radislf summey- maize summer-
barley barley
S36 | tobacco wheat rape tobaccp wheat rape
S37] tobacco wheat rape tobaccp wheat| rape
S40| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S41| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S42| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S43| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S44| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S45| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S46 | potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S48 | potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S49| potatoes | mixture df grain turnips oil-radish] potatoeg
legumes | crops
S50 | potatoes grass winter- winter- clover-
wheat barley grass
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S51 | potatoes maize | Brassica [ maize maize maize maize
rapa
S52 | potatoes winter- maize
wheat
S53| potatoes summert oil-radish | winter- | oil-radish | fallow winter- Triticale
barley barley land barley
S54 | potatoes winter- winter-
wheat barley
S55| potatoes grain
crops
S56 | potatoes winter- winter-
rye rye
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[11.C.5 Genetic diversity of potato cultivars

[1.C.5.a Symptomatology

The appearance of TRV symptoms (see IA5) is a ctarstic dependent on the potato cultivar,
the virus strain, and the local conditions (sed sharacteristics and weather influence).
Affected potato tubers from the examined sites mastbwed necrotic spots (44%), arcs (25%)
and cones (66%). Brown necrotic areas in the vasbuladle occurred only in 16% of the cases
and star-formed fissures only twice (6%). In mdshe cases the damage was assessed as light

(62%) or medium (31%). Extensive symptoms only ceduin 21% of crops.
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Table 6: shaping of the potato-symptoms (symptomatologyhefTRV-positive sites

site

spots

arcs

cones

star-formed
fissures

brown areas
in the
vascular-
bundle

others

light

middle

strong

no
damages

S1

X

S2

S5

S7

S10

S14

S15

S16

X[ XX [X

S17

S19

S21

S22

S29

S30

S31

S82

S34

585

x

S36

X (tobacco)

S8l

X (tobacco)

S40

S41

S42

S43

S44

S45

S46

S48

S49

S50

XIX XXX |X[X]|X[X]|X

XXX |IX|X|X[X]|X[X]X

S51

S

X

S53

S54

95

S56
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An examination of symptoms in relation to potatotigal revealed that most cultivars show
different symptoms. From the six sites where thecritesd symptoms can be assigned to a
single potato cultivar, only the cultivars BintjadaSaturna showed one symptom (spots or
cones) exclusively.

Describing symptoms is not easy, and the methoelxamination of tubers can vary, which
makes the assessment of symptoms problematic. gyegetoms can be influenced by the virus

strain, or local conditions.

|Tab|e 7: affected potato cultivars of the TRV-positive sithat can be assigned to the described symdtoms

Site affected |spots arcs cones star-formed | brown areas

cultivars fissures in the vascular-
bundle

S17 Hansa X X

S19 Saturna X

S29 Thomana| x X X

S30 Solara X

S34 Elkana X X

S56 Bintje X

[.C.5.b Potato cultivars

Affected cultivars are defined here as showing TRV-symsptafter harvesting from a particular
site.

Resistant cultivars are those that were plantddeasame site as previously, but did not show
symptoms.

It is necessary to differentiate between thoseant&s where simultaneous cultivation of the
affected and “resistant” cultivars has occurred aingle site, and where theses cultivars have

been grown at the same site but in different years.
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In the first instance the “resistance” may haveilted from the vector and virus occurring in
patchesi. e.one cultivar may have grown in an infected areaothers in non-infected areas.
In the second instance resistance also is uncef@ocause of the influence of weather-

conditions. One year the conditions for the vector be so poor that infection is limited to a

very small area. In a subsequent year conditiondedotally different.

Table 8: affected and non-affected potato cultivars of iR&/-positive sites
site | affected cultivars potential resistant potato cultivars no damages
S1 | see Chapter IV see Chapter IV
S2 |Hansa
S5 | Secura
S7 |Hansa Cilena
Hela
Roxy
S10 | Amigo Linda
Cilena Solara
Granola
Grata
S14 | Gesa Cilena
Granola
Hela
Linda
S15 | Gesa Cilena
Granola
Hela
Linda
S16 | Hansa
Saturna
Solara
S17 |Hansa
S19 | Saturna
S21 | Atica Aiko
Clivia Berber
Granola Cilena
Karat llona
Karatop Karla
Nicola Karlena
Secura Likaria
Sieglinde Liu
Ponto
Quarta
Rita
Ute
S22 | Atica Berber
Christa Gloria
Karatop
Karla
Rita
S29 | Thomana Hansa
Quarta
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S30 | Solara Cilena
S31 |Gesa Cilena
Granola
Hela
Linda
S32 | unknown unknown
S34 | Elkana
S35 | Aurora
Granola
Hansa
Indira
Producent
S36 nothing but tobacco-cultivation
S37 nothing but tobacco-cultivation
S40 | Elkana
Granola
S41 | Elkana
Granola
S42 | Elkana
Granola
S43 | Elkana
Granola
S44 | Elkana
Granola
S45 | Elkana
Granola
S46 | Elkana
Granola
S48 | Elkana
Granola
S49 | Elkana
Granola
S50 | test-cultivars test-cultivars
S51 |Aula Cilena
Exempla Granola
Nicola Quarta
Satina
Selma
S52 | test-cultivars test-cultivars
S53 | Florijn 70 test-cultivars
Rikea
S54 | Saturna 20 test-cultivars
test-cultivars
S55 | 3 test-cultivars 85 test-cultivars
S56 | Bintje
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[11.C.6 Species-diversity of vector-nematodes

Most of the soil collected from the various siteaswsed for bait-tests. Consequently, only a
little soil was available for examination of triclwdls. Because of this and the occurrence of
trichodorids in very small numbers and in distipatches, nematodes were recovered from only
14 samples (39%).

The investigation of TRV-positive soil-samples ftichodorids resulted in 7 different
trichodorid species being identifiedTr{chodorus primitivus T. similis T. viruliferus
Paratrichodorus pachydermu®. teres P. nanusP. anemonesTab. 10). At most of the sites
(83%) two to six species were present (see Tall.3ereswas the most commonly occurring
species (8 sites, 67%) followed By similis T. viruliferusandP. pachydermugeach at 6 sites,
50%). T. primitivuswas present at 5 sites (42%),anemonesat 4 (33%), andP. nanusat one

(8%).

The distribution of the different species (Fig.&@ 21) show no obvious geographical pattern.
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Table 9: distribution of trichodorid-species at the TRV-jiog sites in the German samples of this V\}ork

site trichodorid-species
S1 . pachydermus*
. teres*
nanus*

. Sp.

. primitivus*

. similig

. viruliferus’

. pachydermus
. teres

. anemones

. primitivus

. similig

. viruliferus

. pachydermus
. teres

. primitivus*

. simili$

. viruliferus

. primitivus

. similig

. viruliferus

. pachydermus
. tere$

. anemoneés

. simili$

. teres

. tere$

. primitivus

sp.

sp.

. tere$

. viruliferus

. anemones
sp.

. pachydermus
. teres

. viruliferus

. similig

. anemones

. pachydermus

S2
S7

S10

S14

S15

S19

S29
S31
S40
S42

S48

S49

S53

994 -4H4o©vU9v-H4 94 0HdA 4499 o9o4H4do o944 A 4440044 -+HT0TTVTTUTU-H--HTOTVTTDO

* = virus-vectors
° = according to literature potential vectors, lilhbw at this location not proved as vectors
sp. = only juveniles found
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Table 10: distribution of trichodorid-species at the TRV-jioe sites in the German samples of this wokk
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|Figure 19: distribution ofrichodorusspecies at the TRV-positive sites in the Germampses of this work |

Trichodorus primitivus

Trichodorus similis
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Figure 20 distribution ofParatrichodorusspecies at the TRV-positive sites in the Germanpées
of this work

Paratrichodorus pachydermis Paratrichodorus teres

Paratrichodorus nanus Paratrichodorus anemones
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[11.D Discussion

TRV was found at all the areas in Germany that were eghand appears to occur throughout
the entire country. The amount of damage appeavedepend on the extent of potato-
cultivation. The more extensively the crop is pldntdhe more samples that were available for
investigation as a result of the increased intese#he farmers in disease control. If there is a
direct relationship between potato cultivation and thelence of infected sites, this can only be
assessed with a more extensive survey involving all siteghis crop. In the present study only
sites where the disease was suspected to occuriwestigated; a more thorough assessment

should be the subject of a more comprehensive abidsed survey.

The influence of soil-conditions on symptom produttand occurrence of TRV-damage is not
known. Some observations (Cooper & Harrison, 19&2¢aled that high humidityiz. rainfall,

irrigation, increases the mobility of nematodes tetefore the spread of virus. It is suspected,
but not proven that irrigation of potato fields@ermany has resulted in an increase of TRV

damage, but this needs to be investigated separatel

Information about the history of occurrence of TRWrptoms provided some insight of how
farmers deal with TRV-problems. Most farmers appiyehave tried different potato cultivars
to decrease their losses. However, this approachtisnder-pinned by scientific investigation,
and this requires to be addressed as a mattegenncy.

Any influence of particular crop species on theunence of trichodorids and/or TRV has been
little studied. Similarly, the influence of croptations used in years preceding the potato crop

have been little studied.
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At the sites examined in the present study the damirotation-pattern included grain crops
(barley, wheat, rye). In literature (Spaull,1980; Weidemd 981) the high multiplication rate of
trichodorid nematodes under grain crops has beportezl, and a large population density
increases the possibility for virus-transmissiorotour. However, it is important to appreciate
that transmission may be independent of total nusndetrichodorids. For example in a mixed

species population only a small percentage ofdta hematodes may be the vector species.

Information on TRV symptoms in potato cultivars\groin the different areas in Germany was
requested from farmers and was assessed diramtiytébers examined during the study.

TRV diseased tubers mostly exhibited spots, arcxanes of necrotic tissue.

In most instances the damage was classified asttighoderate, however a 1-2% infection rate

can result in the entire crop being rejected fonan consumption.

A principal objective of the study was to identifptato cultivars potentially resistant to
infection,i. e. not exhibiting TRV symptoms. At the TRV-infected sitegastigated in the study
43 different potato cultivars and up to 85 testticats were examined. A comparison of
symptoms and potato cultivars revealed considerablersity of symptoms, and in the

occurrence of symptoms all of which appeared todmepounded by a site/strain of virus effect

(see Chapter IV).

To obtain an overview of the occurrence of vectahodorid nematode species the TRV-

positive soil-samples were investigated and theiepgresent were identified. Seven different
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trichodorid species were identified and most samp@tained mixtures of two to six species.

The distribution of the individual species was ipeledent of geographical constraints.

In conclusion, TRV was found to occur in all of theeas examined in the study and caused

damage to specific cultivars. Therefore, researchti@@roblem is required to identify methods

to reduce crop losses caused by the virus.
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IV Resistance/tolerance/susceptibility of potato cuitars

IV.A Introduction

The biological assessment (see Chapter Ill) redehlat TRV is widespread in Germany. This
presents a problem for potato production, partrtulaith regard to potatoes that are grown in
many areas for direct food consumption, or for pssmge. g.French-fries or chips. In many
countries “‘mashed” potato is now selling more tifaps or French-fries - it turns “grey” if TRV
infected tubers are used! Potato cultivars thatesistant (= no spread and no multiplication of
the virus in the plant and therefore no symptomgplerant (= spread and multiplication of the
virus in the plant without developing symptoms)IfeV provide a possible economic solution
to the problem in contrast to susceptible cultiar§ittle spread and multiplication of the virus
in the plant but with symptoms in tubers). Howewbe selection of an appropriate potato
cultivar is complicated because the virus existssegeral different strains and there is a
strain/cultivar interaction. A specific predictignocedure is required to select the resistant or
tolerant cultivars that would be suitable for esmtality. Currently, cultivars are tested in the
field at only one location in Germany (Mellendorf){ this is not reliable because of the uneven
distribution of the virus and the influence of theather and crop rotation patterns. A nematode
can transmit TRV to up to 3 plants within 4 day®€g & Brown, 1997). Spread of infection is
therefore possible even with very low populatiomsiges of trichodorids if the nematodes are
vigorous and there is sufficient moisture in thié tsoencourage their mobility.

Direct inoculation of the potato-tuber until nownet acceptable because of the low infection
rate (Xenophontost al, 1998). Also, the virus is not transmitted fronecd@ubers of susceptible

cultivars to the new daughter tubers (= seed t)ilf@drsidemann, 1994).
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Growing cultivars at several different carefullyested sites to expose them to different strains
of TRV is effective but expensive. Therefore testpwjato cultivars directly against various

virus strains would be the most effective and bidianeans for identifying resistance.

TRV damage can be expressed as susceptibility @6ted tubers) and sensitivity (severity of
symptoms) (Cooper, 1971b). Affected tubers are egatable as food potatoes or for industrial
purposes, particularly those that are processedrigps and chips (Schitz, 1973). With more
than 2% of tubers affected the complete crop iscteg for human consumption (Spaar &
Hamann, 1974) and can only be used for starch ptiaduand animal feed (Schiitz, 1973). In a
year of over-production of potatoes a lesser p#agenof rattle-symptoms (in Scotland 1-2%)
may lead to rejection of the crop for human congionp

Damage to tubers may also make them more sus@filfingi and bacteria and hence their
storage may be adversely affected or their sprguatinility reduced (Heinicke, 1983).

A reduction in yield has not been observed (Hemickd83), but recent investigations have
shown that TRV infection can cause a reductiorhendize of tubers to the extent that they are
not marketable (Dalet al, 1998). Another problem is that tubers may confd®V without
showing symptoms of infection (Xenophonttsal, 1998) These tolerant cultivars represent a

high risk for the spread of TRV at other virus-feses.

In Germany about 132 potato cultivars are culttyatemmercially (aid VerbraucherDienst,

1990). According to information acquired from tliterature, 50% of these can be classified as

susceptible to TRV infection (Reepmeyer, 1973b).
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The "descriptive list of potato cultivars" of thelttvar office of the Federal Government shows

a susceptibility-level for TRV for 106 food potatoltivars.

| Table 11: susceptibility of potato cultivars to TRkbm "descriptive list of potato cultivars" 1995

susceptibility rating number of food cultivars
low 3 47

low-medium 4 28

medium 5 21

medium-high 6 9

high 7 1

From these data 47 cultivars with a susceptihiéiting of "low" and 28 with "low-medium* are
available for low-input farming. Unfortunately, lzese of strain-specific reaction differences,
the ratings given in the "descriptive list of potaultivars” are not reliable. Consequently, the
cultivars with low susceptibility such as Roxy, Saay Secura and Solara during the growing
seasons of 1977 to 1995 on average had 17.23%edfrtips showing TRV symptoms with
1.33% of the crops being rejected. Conversely, &ednd Agria, cultivars with medium
susceptibility, showed only 2.81% disease incidentech led to the rejection of only 0.48% of
the crops. The various virus strains and environal@onditions are possible reasons for these

discrepancies.

A reliable and strain-specific susceptibility diagis is required to identify cultivars with low or
nil susceptibility to enable them to be used at TiRécted sites. The integrated protection of
plants could be introduced to affected areas takiagpoints mentioned above into account and
thus providing a method for growing potatoes at FiRfécted sites without any requirement for

the use of chemicals to control the trichodorids.
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IV.B Material and methods

The results obtained during ten years from a @iltscreening test site at Mellendorf, Lower
Saxony, provided by Dr. Dieter Heinicke, plant-potitan-office Hannover, have been
evaluated. Results from the sites examined in thik\{see Ill) have been incorporated into this

data base and the full results are provided here.

IV.C Results

IV.C.1 Mellendorf, country-cultivar-test-area

At Mellendorf the weather dependent minimum-/maxiranfastation has been officially
recorded. In the calculation of this infestatioder:

(1x number of tubers with light symptoms + 2x numiietubers with medium symptoms + 3x
number of tubers with heavy symptoms) / total nunabéubers

the degree and extent of the symptoms are included.

During the present study soil-samples from this siere examined. The presence of TRV was
confirmed and one of the strains was identifiechM8EM (see IIE8) as reacting with the PRN

antiserum. It is not impossible that other TRV iggaalso occur at this site, but none were
recorded during the present study.

Five vector-species have been determined at tieisPsiratrichodorus pachydermud?. nanus

P. teres T. cylindricusandT. primitivus All of these species, except primitivus,have been

proven as vectors of TRV at this site. Consequeittlg probable that four different strains of
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TRV may be present at this site. Consequentlyetiaduation of cultivar/TRV strain interaction

cannot be accurately determined at this site.

With the evaluation of the cultivar-symptom-lists 184-1993 one can identify the cultivars
that are susceptible, or not susceptible, agamesbo all of the strains that occur at this sitel(T
12). These may not be resistant or susceptible at lotteions at which other strains may occur

as the symptoms are probably the result of stia@aiic cultivar interactions.

Table 12: testing-field Mellendorf; evaluation b&tTRV-symptoms 1984-1993

infestation in % infestation-index

cultivar minimum maximum  jpverage minimum maximum |average

Aiko 0 0 0,0 0 0 0,0
Atica 0,5 60 19,3 0,5 89 25,9
Aula 0 77 18,2 0 161 33,9
Berber ( 0 0,0 0 0 0,0
Berolina @ 0,2 0 0,2
Christa ( 0,0 0 0,0
Cilena @ 0,0 0 0 0,0
Clivia 0,4 76 21,8 0,4 154 40,0
Cosima @ 66 41,5 7 139 70,2
Datura 19 19 19,0 24 24 24,0
Desiree D 77 18,1 0 131 26,1
Gloria 0,4 0,4 0,4 0,7 0,7 0,7
Granola 0 79 21,7 0 164 36,2
Grata 44 44 44,0 78 78 78,0
Hansa D 6 2,0 0 8 2,9
llona 0 0 0,0 0 0 0,0
Indira 1,5 1,5 1,5 1,8 1,8 1,8
Isola 2 2 2,0 2 2 2,0
Karat 0 0 0,0 0 0 0,0
Karatop @ 0 0,0 0 0 0,0
Karla 0 0 0,0 0 0 0,0
Karlena 0,8 0,3 0,3 0,3 0,3 0,3
Likaria 0 0 0,0 0 0 0,0
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Liu 0,3 0,3 0,3 0,9 0,9 0,9
Maritta 0 2,0 0 7 2,7
Maxilla 0 0 0,0 0 0 0,0
Nicola 0 2,1 0 18 4,4
Ponto @ 0,0 0 0,0
Prima 44 44 44,0 66 66 66,0
Producent o,p 0,2 0,2 0,2 0,2 0,2
Quarta 0 0 0,0 0 0 0,0
Rebecca 2 0,2 0,2 1,5 0,5 0,5
Saskia b 45 45,0 74 74 74,0
Secura D 0 0,0 0 0 0,0
Sieglinde 0 76 21,4 0 169 38,1
Ukama ( 56 14,5 0 98 23,1
Ute 0 0 0,0 0 0 0,0

IV.C.2 Other sites

At the sites examined in this study the cultivaet thiere grown are listed in Table 13, together
with their origin, type and susceptibility-levelathered from the "descriptive list of potato

cultivars" of the cultivar office of the Federal ¥@wnment.

Table 13:Cultivars that have been planted on the testedsfigdatched = should be susceptiple
(susceptibility-level 5-9)

Cultivar | type susceptibility}
Aiko middle-early, economic soft 4
Amigo middle-late, economic sort] 7
Atica very early, food sort 5
Aula middle-early, food sort 5
Aurora -

Berber very early, food sort 5
Berolina

Bintje -

Bonanza | middle-late, economic soft
Christa very early, food sort 3
Cilena early, food sort 3
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Clivia middle-early, food sort

Cosima

Datura

Desiree | middle-early, food sort 5
Elkana -

Florijn middle-late, economic sort| 7
Gesa middle-early, food sort

Gloria very early, food sort 5
Granola | middle-early, food sort 6
Grata middle-early, food sort 5
Hansa middle-early, food sort 4
Hela very early, food sort 4
llona early, food sort 3
Indira middle-late, economic sorf 6
Isola

Karat early, food sort 3
Karatop | very early, food sort 3
Karla very early, food sort 3
Karlena | early, economic sort 3
Likaria middle-early, food sort 4
Linda middle-early, food sort 4
Liu middle-early, food sort 3
Maritta

Maxilla | middle-late, economic sort
Nicola middle-early, food sort 6
Pamir middle-early, food sort

Ponto middle-early, economic sgrt 7
Prima

Producent middle-late, economic sort| 5
Quarta middle-early, food sort 3
Rebecca | middle-late, economic soft
Rikea early, food sort 6
Rita very early, food sort 3
Rosella | middle-early, food sort

Roxy middle-early, food sort 3
Saskia

Satina middle-early, food sort 3
Saturna | middle-late, food sort 3
Secura middle-early, food sort 3
Selma middle-early, food sort 5
Sieglinde | early, food sort 6
Solara middle-early, food sort 3
Thomana| middle-early, economic s¢rt 6
Ukama very early, food sort 4
Ute early, economic sort 3
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IV.C.3 Comparison

The data in Table 14 show the reactions of thaveu$f at the different sites involved in the
biological assessment (column S2-S56) of this st(sde lll). Column S1 represents the

observations at the test site at Mellendorf (s&&ll/

legend:

S = has shown symptoms

R = has not shown symptoms, potential resistant
hatched = should be susceptible (5 till 9)

not hatched = should be not susceptible (1 till 4)
sus. = susceptibility = for spraing-disease:

1 = very low 4 = low till medium 7 = strong
2 = very low till low 5 = medium 8 = strongj trery strong
3 =low 6 = medium till strong 9 = very strong
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Table 14view of the reaction of the involved potato-cultva

cultivar
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Through the comparison of suspected and obsenseesiibility three groups of cultivars were

determined:

1. Cultivars that have shown only sensitive reasti@ab. 15)

2. Cultivars that have shown only potential resistaactions (Tab. 16)

3. Cultivars that have shown sensitive and potengisistant reactions according to the site

(Tab. 17).

Table 15:potato cultivars that only have shown sensitivetieas; legend see Table 14

U)

cultivar sus. [S|S|S|S|S[S|S|S|S|S[S|S|S|S|S|S|S S[S[S|S|S|S|S|S|S|S|S

1|12|5(7(1|1|1|1(1({1|2|2|2(3|3|3|4 4141414(4(4|4|5|5|5(5
0(4|5]|6|7(9]1]2]9(1(4|5]0 2(3(4]|5|6|8(9(1|3|4]|6

Amigo 7 S

Atica 5 S SIS

Aula 5 S $

Aurora - 9

Berolina S

Bintje -

Clivia S S

Cosima S

Datura S

Desiree 5 S

Elkana - S |[S S|S|S|S|S|S|S

Exempla |4 S5

Florija 7 )

Gesa S|S S

Grata 5 S S

Hela 4 S S|S S

Indira 6 S S

Isola S

Maritta S

Nicola 6 S S S

Prima S

Producent |5 S S

Rebecca S

Rikea 6 5

Roxy 3 S

Saskia S

Saturna 3 S S S

Sieglinde |6 S S

Thomana |6 S

Ukama S

98



|Tab|e 16:potato cultivars that only have shown potentiaktast reactions; legend see Tab. 14 |

Aiko
Berber
llona
Karla
Likaria
Maxilla
Ponto
Quarta
Rita
Satina
Selma
Ute

AlWlW|O1|A~
X100 |0 [0

N|0| V|V |V |0[T|D
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Py

WIOWw|w|N
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Table 17potato cultivars that have shown sensitive andrpielaesistant reactions according to the
site; legend see Table 14
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The first group (sensitive reactions) shows an eagemt of suspected and observed
susceptibility in 75% of the cases (susceptibiétyel 5-9), and a difference in 25% of the cases

(susceptibility level 1-4).



The second group (potential resistant reactionsyvshan agreement in 73% of the cases

(susceptibility level 1-4), and a difference in 2@%ihe cases (susceptibility level 5-9).

In the third group (sensitive and potential resistaactions) 17% of the cultivars were found to

be sensitive (susceptibility level 5-9) and 83%eéaesistant (susceptibility level 1-4).

In conclusion, it can be stated that the religbiit the susceptibility characteristic of a cultiva
described in the "descriptive list of potato cuts/ of the cultivar office of the Federal
Government is on average only 75%. Consequentily ptlocedure is considered inappropriate

and recommendations need to be developed basedtrpomspecific interactions.

IV.D Discussion

The recommendations in the "descriptive list ofapmtcultivars” of the cultivar office of the

Federal Government have been obtained from dafectad only at one site, and these
statements can only be related to the TRV-stramesemt at this testing site. However, the
cultivar-reaction is probably strain-specific (Weindann, 1993b) and therefore a cultivar may
react quite differently when exposed to other strainother sites. The examination of this work
results in a reliability of the official recommendationoofy 75%. This is not acceptable for the

farmer, who risks a total crop-loss because oiitoeg choice of cultivars.
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V Interaction of virus strain, vector species and p@ito cultivar

V.A Introduction

The use of resistant cultivars is an economicdiisactive solution to the problem of TRV

infection of potatoes. In Germany, an official gotdreeding programme which has been
operating since 1977 includes TRV-resistance abiie parameters. However, the trials have
been conducted in only one location and therefoeebteeding lines have been exposed to only

one strain of the virus and possibly only to oneeptal vector species.

Different potato cultivars vary in their reaction to TRR¥ection and different strains of the virus
may induce varying reactions in the same cultithrs is virus strain-specific resistance
(Weidemann, 1993b). The symptoms of infection ddpem the potato genotype, the

environmental conditions at the location, and palairly the virus strain that is present.

Recent investigations have indicated that eachnstR TRV can only be transmitted by a
specific trichodorid species (Ploeg & Brown, 199In).Germany different strains have been
identified together with some that have no knowtisarum. For the benefit of the potato
breeding programme and to provide information ptiorplanting commercial crops it is
necessary to determine the occurrence and ideftiffRV strains in Germany, together with

their trichodorid vector species.
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V.B Material and methods

See IIC (tuber symptom survey), lIE1 (bait-ted€8I (ISEM), IIE9 (decoration) and VIB (RT-

PCR)

The antisera used are characterised as follows:

Table 18: characterisation of antisera

\1%4

abbreviation | name specification
1 |ON Onion Onion-Furo-Virus, 817 v. 15.10.96
2 |ROS Rostock 908 TRV Rostock-Kraut v. 3.9.97, 3. Abn., from Stefan V)
3 | WEY Weyhausen| Tobacco Rattle V. Weyhausen, Kan. 455 v. 8.11.82
4 | MEL Mellendorf | Tobacco Rattle V. Mellendorf, Kan. 397 v. 18.5.82
5 | PRN PRN PRNYy-glob., from Dr. I. Roberts, SCRI, Dundee, Scotland
6 |RQ RQ RQy-glob., from Dr. I. Roberts, SCRI, Dundee, Scotland
7 | Greek Greek Greeky-glob., from Dr. |. Roberts, SCRI, Dundee, Scotland
8 | Turin Turin Rohserum: from Dr. Heinze
9 |USA USA from Phil Berger/Patrick Shiel, University of ldaho
10 | Dutch PEBV | Dutch PEBYfrom Wageningen, Serum E116, Titer 256, from Dr. Heinz
1: Onion

Has been produced by Prof. Dr. Koenig, BBA Braumasf, using plant material from

infected onions (Koenig, personal information).

It should be a member of the TRV-group becauseeafly 100% homology of the RNAL.

TRV-Onion also shows homology with Hypochoeris-mosaus.

Its RNA2 includes 3 ORFs: for the coat protein (88f4ts aminoacids are homologous to

TRV-TCM), for a 27kDa- and for a 9kDa-protein.

: PRN

: Rostock comes from Germany
: Weyhausen comes from Germany

: Mellendorf comes from Germany
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8:

9:

PRN (Ptato Poot Necrosis) was prepared against an isolate of TRw footato (cv. Kerr’s
Pink) from Scotland.

It is transmitted byParatrichodorus nanuandP. pachydermus

: RQ comes from Scotland.

: Greek

Greek (Browret al, 1996) did not react with 10 different antisera@nological tests but with
the RNAL of TRV-SYM in spot hybridization teststhierefore seems to be a new serotype.
It is transmitted byrichodorus similis

lts long particles have a size of 290S (RNAL1 = 20K}, its short 184S (RNA2 = 1.2
x10PD).

Turin comes from lItaly

USA has been produced by Phil Berger/Patrick Shiel, Wsityeof Idaho.

10: Dutch PEBV (Edwardson & Christie, 1990) is snamitted byP. anemonesP. teres P.

pachydermusT. primitivusandT. viruliferus Its RNAL consists of 4 ORFs.
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V.C Results

V.C.1 Determination of TRV with bait-tests

Of the 56 sites that were sampled, bait tests angdtsyns in the tubers that were sampled were

positive in 36. From these, 8 were selected foaildet examination (Fig. 21) with ISEM and

decoration.

V.C.2 Strain-determination with ISEM and decoration

Samples from 8 sites (see llIC1) S10, S19, S29, S30Q, S45, S46 and S49 were examined
using ISEM and decoration. Controls of healthy phaaterial, plant material with known virus-

content and pure buffer-solution were includedllitests.

V.C.2.a Comparison

Figure 21: comparison

Site

Antiserum

ON

WEY

MEL

PRN
RQ

GREEK

TURIN

USA

Dutch PEBV

S 29

S 10

S 46

S 45

S 49

S31

+ |t |+ [+ ]|+

S 19

+ [+ |+ |[+]|+ ]|+ |+ |ROS

+

+

S 30

+

+

+

(confirmed and assessed by Dr. lan Roberts, SCRI)
(*=results indifferent)
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Twenty-two of the 23 positive ISEM-results resulisre confirmed by positive decoration-tests.
The ISEM-result of S49 with Onion-A/S failed in ghiest with a dilution 1:32, and this test
should have been continued with higher A/S-conegintis. Consequently, this result remains
guestionable but seems to be positive.

One (S30 with USA-A/S) of the ISEM-result was iretatinate although the decoration result
was positive. Because the USA-A/S never reacteld otfter isolates in ISEM- or decoration-
tests this A/S might not be useful for serologiwsts. Therefore the result is considered as

negative.

In overview from the serological tests four groopa be distinguished:

group 1 (S29):

reacted only with Ros-A/S

group 2 (S10, S46):

reacted with Ros- and Dutch PEBV-A/S

group 3 (S45, S49, S31):

reacted with Ros-, Dutch PEBV- and Onion-A/S and isolate (S49) also with Greek-A/S

group 4 (S19, S30):

reacted with Ros-, Mel-, PRN- and Turin-A/S (peh&30 also with USA s.a.)
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Group 2 and 3 seem to show a closer relationshipdes Ros and Dutch PEBV although the
members of group 3 also react with other antisera.

Group 4 appears to be a mixture of different strhetsause of the mixed positive results.

The above results should have been specified bpsive characterisations of the antisera and
their cross-reaction-features. But they show teatlegically different strains of TRV occur in
German soil and therefore different reactions ofafmo cultivars at different sites can be

expected.
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V.C.2.b S10

The isolate from site S10 reacted in ISEM with fustock- and the Dutch PEBV-antisera. The
results also have been confirmed by positive déicortests.

The degree of relatedness was higher with Rostaato(dted till 1:512) than with Dutch PEBV

(1:256).
| Table 19: S10
P/SA P/SA decorated
site | result [ISEM with A/S | for | before ISEM | after ISEM | increase-factor| till dillution
S 10| pos. |Ros 2h 385 2848 7,4 1:512
4h 264 4589 17,4
neg. [On 2h 385 244 0,6
4h 264 614 2,3
neg. |Weyhausen 2h 385 116 0,3
4h 264 71 0,3
neg. |Mellendorf 2h 385 116 0,3
4h 264 71 0,3
neg. |PRN 2h 385 506 1,3
4h 264 684 2,6
neg. |RQ 2h 385 506 1,3
4h 264 684 2,6
neg. |Greek 2h 385 163 0,4
4h 264 307 1,2
neg. |Turin 2h 385 163 0,4
4h 264 307 1,2
pos. |Dutch PEBV 2h 385 1927 5 1:256
4h 264 2701 10,2
neg. |[USA 2h 207 236 1,1
4h 207 79 0,4

107




V.C.2.c S19

The isolate from site S19 reacted in ISEM with Bastock-, Mellendorf-, PRN- and Turin-
antisera. The results also have been confirmeda$iiye decoration-tests.
The degree of relatedness was higher with Melldn@decorated till 1:64) than with Rostock,

PRN and Turin (1:32).

Table 20: S19
P/SA P/SA decorated
site | result [ISEM with A/S | for | before ISEM | after ISEM | increase-factor] till dillution
S19 | pos. |Ros 2h 5 43 9,2 1:32
4h 18 47 2,7
neg. |On 1h 38 50 1,3
2h 53 56 1,04
neg. |Wey 1h 38 112 2,96
2h 53 64 1,19
pos. [Mel 2h 12 1046 88,7 1:64
4h 9 2250 260
pos. |PRN 2h 12 152 12,9 1:32
4h 9 72 10,3
neg. |RQ 2h 12 1 0,1
4h 9 22 2,6
neg. |Greek 2h 12 6 0,5
4h 9 14 1,7
pos. |Turin 1h 4 22 57 1:32
2h 10 34 3,5
neg. [Dutch PEBV 2h 5 9 1,9
4h 18 2 0,1
neg. |[USA 2h 5 3 0,7
4h 18 24 1,3
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V.C.2.d S29

The isolate from site S29 reacted in ISEM with fustock-antiserum. The result also has been
confirmed by positive decoration-tests.

The degree of relatedness was 1:32.

Table 21: S29
P/SA P/SA decorated
site | result|ISEM with A/S | for | before ISEM [ after ISEM | increase-factor| till dillution
S 29| pos. |Ros 2h 36 56 15 1:32
3,5h 21 87 4,1
neg. [Onion 2h 36 30 0,8
3,5h 21 59 2,8
neg. |Weyhausen 2h 36 18 0,5
3,5h 21 2 0,1
neg. |Mellendorf 2h 36 18 0,5
3,5h 21 2 0,1
neg. |PRN 2h 36 27 0,7
3,5h 21 5 0,2
neg. |RQ 2h 36 27 0,7
3,5h 21 5 0,2
neg. |Greek 2h 36 18 0,5
3,5h 21 15 0,7
neg. |Turin 2h 36 18 0,5
3,5h 21 15 0,7
neg. |Dutch PEBV 2h 36 4 0,1
3,5h 21 21 1
neg. |[USA 2h 3 2 0,6
4,5h 3 1 0,4
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V.C.2.e S30

The isolate from site S30 reacted in ISEM with Bestock-, Mellendorf-, PRN- and Turin-
antisera. The results also have been confirmedbyiye decoration-tests. The results with the
USA-antiserum were inconclusive.

The degree of relatedness was higher with Mellédn@®corated till 1:1024) than with Turin

(1:256) and Rostock and PRN (1:128).

| Table 22: S30
P/SA P/SA decorated
site | result |[ISEM with A/S | for | before ISEM | after ISEM | increase-factor| till dillution
S 30| pos. |Ros 2h 55 115 2,1 1:128
3,5h 25 45 1,8
neg. |On 2h 55 52 1
3,5h 25 53 2,1
neg. (Wey 2h 44 21 0,5
4,5h 9 24 2,8
pos. |Mel 2h 44 586 13,2 1:1024
4,5h 9 1377 159,1
pos. [PRN 2h 44 268 6 1:128
4,5h 9 905 104,5
neg. |RQ 2h 44 48 1,1
4,5h 9 13 1,4
neg. |Greek 2h 44 8 0,2
4,5h 9 6 0,7
pos. [Turin 2h 44 336 7,6 1:256
4,5h 9 88 10,2
neg. |Dutch PEBV 2h 55 30 0,5
3,5h 25 22 0,9
? |USA 2h 44 80 1,8 1:128
4,5h 9 30 3,5
1h 9 3 0,3
2h 2 6 3,3
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V.C.2.f S31

The isolate from site S31 reacted in ISEM with Rostock-, Onion- and Dutch PEBV-antisera.

The results also have been confirmed by positizerddion-tests.

The degree of relatedness was higher with Rostbegofated till 1:256) than with Onion and

Dutch PEBV (1:32).

Table 23: S31
P/SA P/SA decorated
site | result |ISEM with A/S | for | before ISEM | after ISEM | increase-factor] till dillution
S31 | pos. |Ros 2h 10 118 11,8 1:256
4h 6 156 24,8
pos. [On 2h 10 13 1,2 1:32
4h 6 30 4,8
neg. |Weyhausen 2h 10 2 0,2
4h 6 1 0,1
neg. |Mellendorf 2h 10 2 0,2
4h 6 1 0,1
neg. |PRN 2h 10 5 0,5
4h 24 9 0,4
neg. |RQ 1h 7 9 1,3
2h 10 11 1,08
neg. |Greek 2h 10 19 1,8
4h 6 7 11
neg. |Turin 2h 10 19 1,8
4h 6 7 11
pos. |Dutch PEBV 2h 10 41 4 1:32
4h 6 92 14,7
neg. |USA 2h 10 1 0,1
4h 6 15 2,4
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V.C.2.g S45

The isolate from site S45 reacted in ISEM with Rastock-, Onion- and Dutch PEBV-antisera.
The results also have been confirmed by positizerddion-tests.
The degree of relatedness was higher with RostodkGnion (decorated till 1:64) than with

Dutch PEBV (1:32).

Table 24: S45
P/SA P/SA decorated
site | result |ISEM with A/S | for | before ISEM | after ISEM | increase-factor] till dillution
S45 | pos. |Ros 2h 3 126 40 1:64
4h 1 385 490
pos. [On 2h 3 9 3 1:64
4h 1 34 43,5
neg. |Weyhausen 2h 20 7 0,4
4h 2 3 1,9
neg. |Mellendorf 2h 20 7 0,4
4h 2 4 2,5
neg. |PRN 2h 20 7 0,4
4h 2 9 6
neg. |RQ 2h 20 11 0,6
4h 2 6 3,5
neg. |Greek 2h 3 2 0,8
4h 1 2 2
neg. |Turin 2h 3 2 0,8
4h 1 2 2
pos. |Dutch PEBV 2h 3 9 2,8 1:32
4h 1 102 130
neg. |USA 2h 3 5 15
4h 1 0 0
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V.C.2.h S46

The isolate from site S46 reacted in ISEM with Bestock- and Dutch PEBV-antisera. The
results also have been confirmed by positive déicortests.

The degree of relatedness was higher with Rostietofated till 1:256-1:512) than with Dutch

PEBV (1:64).
|Table 25: S 46
P/SA P/SA decorated
site | result [ISEM with A/S | for | before ISEM | after ISEM | increase-factor| till dillution
S 46 | pos. |Ros 2h 218 2635 12,1 1:256 - 1:512
4h 244 1982 8,1
neg. [On 2h 218 275 1,3
4h 244 291 1,2
neg. |Weyhausen 2h 218 126 0,6
4h 244 118 0,5
neg. |Mellendorf 2h 218 126 0,6
4h 244 118 0,5
neg. |PRN 2h 218 194 0,9
4h 244 358 15
neg. |RQ 2h 218 194 0,9
4h 244 358 15
neg. |Greek 2h 218 139 0,6
4h 244 173 0,7
neg. |Turin 2h 218 139 0,6
4h 244 173 0,7
pos. |Dutch PEBV 2h 218 751 3,5 1:64
4h 244 1408 5,8
neg. |[USA 2h 92 147 1,6
4h 228 254 1,1
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V.C.2.i S49

The isolate from site S49 reacted in ISEM with Restock-, Onion-, Greek- and Dutch PEBV-
antisera. The results also have been confirmedobitiye decoration-tests except the Onion-
result where no reaction was visible at 1:32.

The degree of relatedness was higher with Rostde&ofated till 1:64) than with Greek and

Dutch PEBV (1:32).

Table 26: S 49
P/SA P/SA decorated
site | result|ISEM with A/S | for | before ISEM | after ISEM | increase-factor] till dillution
S49 | pos. |Ros 2h 8 114 14,5 1:64
4h 14 207 14,6
pos. |On 2h 8 59 7,5] no coat at 1:32
4h 14 45 3,1
neg. |Weyhausen 2h 8 2 0,3
4h 14 22 1,6
neg. |Mellendorf 2h 8 2 0,3
4h 14 22 1,6
neg. |PRN 1h 11 25 2,2
2h 12 15 1,3
neg. |RQ 1h 11 0 0
2h 12 1 0,05
pos. [Greek 2h 33 43 1,3 1:32
4h 9 39 4,2
neg. |Turin 2h 33 15 0,5
4h 9 26 2,7
pos. |Dutch PEBV 2h 8 35 4,5 1:32
4h 14 119 8,4
neg. |[USA 2h 8 8 1
4h 14 1 0.1
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V.C.3 TRV-proof with different methods

The following synopsis presents an overview ofrémults of all TRV-detection-methods used
in this study.

All ISEM- and decoration-tests were confirmed asdessed by Dr. lan Roberts and the RT-
PCR-results by Dr. David Robinson. Both are auttesriin their field at the SCRI, Dundee,
Scotland and have long-term experience with TRV. tMiests were performed under

supervision from these experts during visits toSdRI.

Table 27: TRV-proof with different methods

Site TRV-proof with TRV-proof with | TRV-proof with correspondence
bait-test/tuber-survey RT-PCR ISEM/decoration
(RNA1)
S1 | positive positive positive both methods function
S2 | positive positive negative only RT-PCR functions

S3 | negative

S4 | negative

S5 | positive positive | positive | both methods function |
S6 | negative
S7 | positive positive | negative | only RT-PCR functions |

S8 | negative

S9 | negative

S10| positive positive | positive | both methods furrctio |

S11| negative

S12| negative

S13| negative

S14 | positive positive negative only RT-PCR function

S15| positive negative positive only ISEM/decorafianctions
S16| positive negative negative no methods functions

S17| positive negative negative no methods functions

S18| negative

S19| positive negative | positive | only ISEM/decorafianctions |
S20| negative

S21| positive positive positive both methods funrctio

S22 | positive positive negative only RT-PCR function

S23| negative

S24| negative

S25| negative

S26 | negative

S27| negative

S28| negative
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S29| positive positive positive both methods funrctio

S30| positive positive positive both methods funrctio

S31| positive positive positive both methods funrctio

S32| positive negative negative no methods functions
S33| negative

S34 | positive negative negative no methods functions
S35 | positive positive positive both methods funrctio

S36 | positive negative negative no methods functions
S37| positive negative positive only ISEM/decorafianctions
S38| negative

S39| negative

S40| positive positive negative only RT-PCR function
S41| positive negative positive only ISEM/decorafianctions
S42 | positive negative negative no methods functions
S43| positive positive negative only RT-PCR function
S44 | positive positive negative only RT-PCR function
S45| positive positive positive both methods funrctio

S46 | positive positive positive both methods funrctio

S47| negative

S48 | positive negative positive only ISEM/decorafianctions
S49| positive positive positive both methods funrctio

S50 | positive not tested yet not tested yet noddegbt

S51| positive not tested yet not tested yet noddegbt

S52 | positive not tested yet not tested yet noddegbt

S53| positive not tested yet not tested yet noddegbt

S54 | positive not tested yet not tested yet noddegbt

S55| positive not tested yet not tested yet noddegbt

S56 | positive not tested yet not tested yet noddegbt

In 11 of the positive cases (38%) both RT-PCR &ttM/decoration worked with the isolates.

In 7 of the cases (24%) only RT-PCR functioned inwehs discovered that in each case NM-

strains, that only consist of RNA1, were preseBENM/decoration needs a coat-protein, that is

encoded on the RNA2, to show positive results, tmig RT-PCR could react with NM-strains.

In 5 of the cases (17%) only ISEM/decoration redycéad possibly primer-problems existed so

that the primers used could not detect the isapésific sequences.
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In 6 of the cases (21%) no method gave a posiselt; and it is assumed that the presence of

NM strains and primers not fitting the isolate aitheses failures in detection.

The results show that there is no single methotlishasable with all TRV-strains. Related to
the problems with NM-strains and primer-problenes hethod that leads to detection of TRV
depends on the isolate-features. If one method doegjive a positive result, other methods

should be used before the sample is designatesiras tegative

V.D Discussion

Different strains of TRV have been shown to occuGermany. Also it has been shown (see
IVC3) that potato cultivars vary in their reactiah different sites, which can be regarded as

proof that potato cultivars react differently degieig on the virus strain present.

In order to recommend a particular potato cultivar thetren of a cultivar to a virus strain must
be studied. A prerequisite for this is that theisistrain must be accurately determined. For this,

different methods (ISEM, decoration, ELISA, RT-PCGRg available.

It can be concluded from the discrepancies showthignchapter that ISEM-, decoration- and
ELISA-results are not totally comparable. Each rmeétthas its pros and cons. A totally
dependable and unequivocal method has not yet fmemd. Perhaps nucleic acid-based

methods such as RT-PCR could provide a solutidhariuture.
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Serological methods (ISEM, decoration, ELISA) arlvestablished and relatively cheap, but
they need high-technology-equipment (EM, ELISA-exadhat is not available at all plant-
protection offices.

Further, the operator has to have experience (ediyesith ISEM, decoration) with the virus.
Also these methods do not work with NM-strains.

Comparing ISEM- and ELISA, ELISA is much easier guitker. ISEM/decoration delivers no

false positive or false negative results.

RT-PCR-technology has the advantage of reacting withidtldtes, and therefore should be the
method of choice in the future. However, reactianith NM-isolates, as they involve only the
highly conserved RNA1 segment of the TRV genomé,net provide identity of the strain of
virus. Consequently, this method/reaction will pdevevidence of the occurrence of TRV, but

not specific strain identity.

The results of all these methods are not totaligmarable and any comparison should therefore

be viewed with caution.
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VI Preliminary development of a non-expert diagnostienethod
for TRV (RT-PCR)

VI.A Introduction

TRV presents a variety of problems namely:

* NM-strains often occur but are not detectable ws#fological methods;

 Different serological methods often are not comiplardbecause of differences in sensitivity
(see V),

* TRV mostly occurs in very low concentrations (Chlos& Thomas, 1995) and in potato-
tubers the virus-content may be so low that sercébgr biological proof may not be
obtainable (Weidemann, 1993a). Also, TRV is distigl very unevenly in tubers of
susceptible cultivars (Crosslin & Thomas, 1995y &mansmission of TRV from tubers to

indicator-plants Chenopodium quingas not reliable (Crosslin & Thomas, 1995).

It is therefore necessary to develop a fast diggnpsocedure for identification of tobacco rattle

virus and the differentiation of virus strains in area. A starting point for this is RT-PCR

(reverse transcriptase polymerase chain reactmmpblogy that is based on nucleic-acid
because of the large detection-sensitivity that this tdogg has shown. The aim is to develop a
method that is simple, practical and with low stafi amaterial expenditure. The results of a soil
test should be available within a few days by pincecedure.

The objective of this procedure would be a pretpiest and secondarily the cause-clarification

of already damaged potatoes.
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The RT-PCR method does not identify specific sgraih TRV which is the basis for the
resistance-testing. Therefore strain determinatias been carried out on a serological basis
(ISEM, decoration, ELISA). However, with PVY a differaiton between strains with RT-PCR
works (Weidemann & Maif3, 1993) and therefore atmalcsimplification and expansion of the

RT-PCR method for the specific strains of TRV skdag a future objective.

RT-PCR-tests can be undertaken with several misteria
1. leaves of indicator-plants from bait-tests: to jewvan early warning test for a site
2. vector-nematodes: to speed up this early warnstgoeavoidance of indicator-plants

3. potato tubers that show symptoms of TRV infection

Specific TRV-strains are transmitted by specifictae species. Consequently, identification of
the vector species enables a prediction to be miiatie associated virus strain, ande versa

To simplify the species-determination, which traditibnedquires much experience, a RT-PCR
method should be developed. Different scientises @urrently working on this goal and
preliminary results indicate that a reliable tegue has been developed both for conventional
RT-PCR and also for the quantitative “real-time” ltiplex TagMar® RT-PCR system (D.

Brown, pers. comm.).

The RT-PCR-test-results described in this chapéere hbeen undertaken to ascertain if this

technology works with TRV isolates from Germany dnmv the results differ with the use of

different materials (tubers and indicator-plamvies).
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VI.B Material and methods

In summary the RT-PCR-method amplifies a regiointdrest on a nucleic-acid, that is only
available in a very low concentration. To deted tlegion its sequence must be amplified in a
high amount to reach detection-level. For thisnens must be designed that bind specifically at
the edges of this region. These primers get resednby a polymerase that performs the
amplification of this sequence in contrast to &k tother sequences in the sample. As the
template, RNA (with a reverse transcriptase stdpréeas well as DNA can be used. The
amplification takes place by alternating denatur{egparation of strands if the template is
double-stranded), annealing (= primer binding) elethgation of the copy-strand by polymerase

(see Fig. 22).

There are several published reports about thecdlifiies with TRV-detection and -transmission
in tubers (Crosslin & Thomas, 1995). RT-PCR-probfTRV in tubers works only with the
detection of TRV-RNA1 (Weidemann, 1993a). Here piisnare made (Weidemann) that are
situated in the area of the 16K-ORF that fits savstrains (SYM, PRN, Oregon mild). The
technique also works with infected but symptom-tebers.

Also, others have reported successful detectioFRM by RT-PCR in tubers (RNA1) and also
in Nicotiana clevelandiandNarcissudeaves (Crosslin & Thomas, 1995). The proof ofiar@f
TRV by hybridisation of the RT-PCR-products alss leen made with a non radio-actively-
labelled complementary DNA probe (prepared fromifigek TRV-RNA) in Southern blot

(Crosslin & Thomas, 1995).

A strain-specific detection is not yet possible.
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Figure 22: PCR-principle
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The results following have been obtained by (Raiin$992; Hamiltoret al., 1987) Phenol-
Chloroform-extraction (tubers), RT-PCR and ethidivoniid-gel-electrophoresis with the
following primers (that are situated in the 16K-ORF the RNAL; constructed with the
sequence of TRV-SYM):

Primer A (405): 5 -CAGTCTATACACAGAAACAGA-3’
Primer B (406): 5-GACGTGTGTACTCAAGGGTT-3'

VI.C Results

|Tab|e 28: RT-PCR results

site 1. RT-PCR 2. RT-PCR
S1 positive positive
S2 positive positive
S5 positive positive
S7 positive positive
S10 positive positive
S14 negative negative
S15 negative negative
S16 negative negative
S17 negative negative
S19 negative negative
S21 positive positive
S22 positive positive
S29 positive positive
S30 positive positive
S31 positive positive
S32 negative negative
S34 negative negative
S35 positive positive
S36 negative negative
S37 negative negative
S40 positive positive
S41 negative negative
S42 negative negative
S43 positive positive
S44 positive positive
S45 positive positive
S46 positive positive
S48 negative negative
S49 positive positive
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Infected and symptom-bearing tubers from the Mdltehsite (S1, see Ill) were tested in RT-

PCR using areas of the tubers that included syngptord from adjacent areas.

From 13 unequivocally infected tubers from a sit@vpn to contain TRV, only one showed a

positive result in RT-PCR. This is probably becanfs@hibitors in the tuber.

In another test-series leaves of indicator-plargeevused. The TRV-isolates were obtained from
TRV-positive sites (except the sites S50-S56 froncwiRV was subsequently obtained; see

).

The RT-PCR-tests were repeated twice with all saspl

VI.D Discussion

The RT-PCR method used here requires further dewedat to provide reliable results with
TRV. Until now it has not been reliable, especialiyh tubers, probably because of inhibitor-
systems. And it is not yet strain-specific. Becailrgepotato-reaction is also strain-specific (see

IV) a strain-determination is a prerequisite fdiat@e cultivar recommendation at sites.

The RT-PCR method is expensive but provides a patignteliable analysis-method for TRV-
detection, and in the future could also be develdpde strain-specific.
For testing of resistance against various stragrsl@gy should be used until the RT-PCR

method is reliably developed.
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VIl Control of TRV and vector-trichodorids with antagonistic
plants

VII.LA  Introduction

There are many plant species that are not host§RW or its vectors. The use of these
antagonistic plant species could therefore reptespntential control measure for TRV-damage

if used as inter-crops.

Two types of antagonistic plants can be differéatia

One that is directly toxic to the nematode in tH&aée, roots or root exudates (Caswell-Chen &
Sharma, 1996), and the second being non-hosthéonématodes or virus. Thus direct and
indirect effects can be distinguished.

Direct effects are the production of toxins; that @hemical suppressants that inhibit, for
example, the nematode life cycle or biologyy. egg hatch, movement, root penetration,
development, fecundity and mate finding.

Indirect effects are the induction of suppresshreaspheres.

Plants that are antagonist to nematodes act througgification of functional groups, for
example, more starch/gelantine-hydrolyzation, prodnmf siderophores or hydrogen cyanide,
phenol-oxidation, and/or alter the community streetof rhizosphere bacteria (Kloeppatral,

1996).

The effectiveness of antagonistic plants againstatedes is dependant on the nematode-

species. For exampl€hloris gayanaDigitaria decumbensRaphanus sativig agetes patula
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and T. erectahave been reported to control different nematqukecies (Caswell-Chen &
Sharma, 1996).

Marigolds (Tagetes sp.) reduced cyst nematodebBleferodera schachjii and root-knot
nematodesMeloidogyne haplawhen planted at infected sites or if their roott@ates were
added to soil. They do not work with lesion nemato@eatylenchus penetrapgRiga & Potter,
1998). Tagetessp. are effective only with endo-parasites andwitht ecto-parasites such as
Trichodorids.

Some companies (Schlatholter & Petersen, 1997)dbregnatode-resistant oil-radish- and
mustard-cultivars and with such plants a 90% reduoctin infection was recorded with

Heterodera schachtii

If a good host for trichodorids and not for TR\pi®sent, the trichodorids feed on the plant and

thus release virus particles, however the virus chme establish an infection in the plant (Maas,

1975) and eventually the nematodes become viegs-fr

Cereals and grassage frequently used as inter-crops with potatoes.

Less TRV-damage has been reported after summaybtirdn after sugar-beet, maize and
potatoes (Maas, 1974 and 1975).

Barley (summer- and winter-cultivars; Weidemann81)9and perennial ryegrass (Cooper &
Harrison, 1973) are non-hosts for TRV, but are ésntlhosts for trichodorids (Weidemann,
1981). The number d¢taratrichodorus anemonesder wheat was twice as high as in unplanted
soil, and under barley was three times as highu§pe80). Also Italian ryegrass.glium

multiflorum) is a good host for trichodorids but is a non-HosTRYV (Aartrijk, 1996).
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Many weed species are hosts both for the nematuke3d RV, therefore good weed-control is

very important.

The frequently usedRaphanus sativuspil-radish is a non-host for TRV and trichodorids

(Aartrijk, 1996), and therefore is suitable asragri-crop.

crop-rotation-patterns

In the Netherlandslifferent crop rotations with potato, winter-wheaidder radish, sugar-beet,

onion, tulip and green manure crops, were examiaed,the best result was obtained when

fodder radish was planted before potato (Hartsenvo&ndijk, 1998).

In Germanyseveral green-manure-plants have been testeteried pots in which trichodorids
and TRV had been established (PSA Ahlem, 1971 aid)1A very strong infestation (= TRV
damage) occurred with yellow mustard; strong isfigst with Phacelia winter-rape and
Brassica rapa(var. rapa winterform/turnip rape), weak infestation wiltassica rapa(turnip),
Lolium sp. and Brassica rapa(var. rapa winterform/turnip rape Perko) and very weak

infestation with oil-radish and lupins.

In field-tests at three different sites the effeat TRV infection in potato was investigated
following the growing of green-manure-plants (PSAlén, 1975). Three potato cultivars were
examined and the damage had decreased after lgginadish andBrassica rapa(var. rapa
winterform/ turnip rape Perko), with winter-raggassica rapa(var. rapa winterform/ turnip

rape) and yellow mustard the infection rate hadsigstificantly decreased.
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Also, a decrease in TRV infection was recordedanl pnd field-tests after oil-radisBrassica
rapa var. rapa winterform/turnip rape (Perko) and lupins had bg@tanted before potatoes

(Kegleret al, 1984).

In preliminary examinations TRV-infection with triolorids was higher under beet and
potatoes and lower under barley (especially suniradey) (Meyer & Schonbeck, 1972; Meyer
& Schonbeck, 1976). However, these results nedxsk toonfirmed in a field-experiment where
potatoes have been planted after the different-tgtions. Rotations of summer-barley >
yellow mustard, summer-barley > winter-barley deta vulgarisvar. crassaresulted in a
higher rate of TRV infection in potatoes. Less TBMnage was present after summer-barley >
oil-radish and summer-barley > winter-barley, assult of a significant decrease in nematode

numbers.

Results from pot-tests with naturally infected gdiichodorus pachydermu$. viruliferusand
TRYV) identified Stellaria mediaand tobacco as good hosts for TRV and trichodoiiny
Graminea(summer-, winter-barleyBrassica rapa(var. rapa winterform/turnip rape), yellow
mustard andBrassica rapaturnip) are hosts only for trichodorids, and potéhacelia, winter-
rape and yellow mustard are hosts only for TRV (&en 1972). Asparagus is a non-host for

both trichodorids and TRV (Rohde and Jenkins, 1957)

128



|Tab|e 29: summary

plant species/grou

TRV-host

trichodorid-host

TRV-damage

literature

Graminea

no

(Meyer & Schonbeck, 1976)

yes

(Meyer & Schonbeck, 1976)

barley

no

(Cooper & Harrison, 1973)
(Weidemann, 1981)
(Kegler et al., 1984)

(Meyer & Schonbeck, 1976)

yes

(Spaull, 1980)
(Weidemann, 1981)
(Kegler et al., 1984)

(Meyer & Schonbeck, 1976)

increase

(Kegler et al., 1984)

decrease

(Maas, 1974)
(Maas, 1975)

wheat

yes

(Spaull, 1980)

winter-rye

yes

(Kegler et al., 1984)

decrease

(Kegler et al., 1984)

perennial ryegrass

no

(Cooper & Harrison, 1973)

Italian ryegrass

yes

(Aartrijk, 1996)

increase

(Aartrijk, 1996)
(Asjes et al., 1999)

Lolium sp.

decrease

(PSA Ahlem, 1974)

lupins

no

(Meyer & Schonbeck, 1976)

decrease

(PSA Ahlem, 1974)
(PSA Ahlem, 1975)
(Kegler et al., 1984)

Raphanus sativus
oil-radish

RO

(Aartrijk, 1996)
(Meyer & Schonbeck, 1976)

no

(Aartrijk, 1996)
(Meyer & Schonbeck, 1976)

decrease

(PSA Ahlem, 1974)
(PSA Ahlem, 1975)

fodder radish

decrease

(Hartsema & Molendijk8)99
(Asjes et al., 1999)

yellow mustard

yes

(Meyer & Schonbeck, 1976)

yes

(Meyer & Schonbeck, 1976)

increase

(PSA Ahlem, 1974)
(Meyer & Schonbeck, 1976)

phacelia

yes

(Meyer & Schonbeck, 1976)

increase

(PSA Ahlem, 1974)

Brassica rapavar.
rapa winterform/
turnip rape

yes

(Meyer & Schonbeck, 1976)

increase

(PSA Ahlem, 1974)
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Brassica rapa yes (Meyer & Schénbeck, 1976)
turnip
decrease (PSA Ahlem, 1974)
Beta vulgaris var. no (Meyer & Schonbeck, 1976)
crassa
winter-rape yes (Meyer & Schénbeck, 1976)
increase (PSA Ahlem, 1974)
(Kegler et al., 1984)
Brassica rapavar. decrease (PSA Ahlem, 1974)
rapa winterform/ (PSA Ahlem, 1975)
turnip rape (Perko
Lucerne decrease (Kegler et al., 1984)
red clover no (Meyer & Schonbeck, 1976)
asparagus no (Meyer & Schonbeck, 1976)
no (Meyer & Schonbeck, 1976)

Table 30: assessment of the plants referred teeifiterature

scientific name used abbreviation| TRV-host | trichodorid-host | TRV-damage
Trifolium incarnatuniL. clover

Lolium westerwoldicurh. grass decrease
Lolium perenné.. grass + no

Trifolium repend.. white clover

Fagopyrum tataricunfL.) Gaertn. Buckwheat

Raphanus sativus. oil-radish no no decrease
Sinapis sp.L. yellow mustard yes yes increase
Secale cerealé.. rye yes decrease
Lupinus spL. lupins no decrease
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VII.B

Material and Methods

In an extensive field-experiment at Osterloh (S1@)awer Saxony near Celle the influence of

selected potential antagonistic plants on vecliRd/ and potato-symptoms were investigated.

Trichodorids and TRV had previously been detectdatiia site, and field soil was also used in

concurrent pot tests.

The inter-crops tested were:

Table 31: inter-corps

used abbreviation | English name German name scientific name cultivar (DSV)

clover crimson clover Inkarnatklee Trifolium incarnatumi_. Opoolska

grass annual ryegrass einjahriges Weidelgrdslium westerwoldicurh. Lifloria

grass + perennial ryegrass deutsches Weidelgrakolium perenné. Limes (90% of mixture M2)
white clover white clover Weil3klee Trifolium repend.. Lirepa (10% of mixture M2)
buckwheat buckwheat Buchweizen Fagopyrum tataricunfL.) Gaertn. | Lifago

oil-radish oil-radish Olrettich Raphanus sativus Rufus

yellow mustard yellow mustard Gelbsenf Sinapis sp.L. Hohenheimer

rye rye Roggen Secale cerealé.

lupins lupins Lupinen Lupinus spL.
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Each crop was planted in two plots (I and Il) thate situated randomly to compensate for soil
differences. Each plot was 3x19,5m and containadflsts of 1x6m (a, b, c).

The field test had the following layout:

Figure 23: layout of the test-field
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Year one:

Eight different inter-crops (buckwheat, lupins,v&@g mustard, rye, grass, grass + white
clover, oil-radish) were planted in each of two plots, alsofallow plots were included. Rye
only was planted in one plot. Because of a verypemnyod the inter-crops had to be replanted

early in the growing season.

Year two:
Half of the plots were planted with the same inteips as year one, whereas in the other part
of this area a TRV susceptible potato cultivar (g§oistarch cultivar) was planted. The

potatoes were grown in 16 rows on 12m.

Year three:
The area on which the inter-crops had been planted in yeandrte/o were planted with the
potato cultivar Amigo. The other area was not exashitbecause the cultivation of potatoes

for two years in succession is not common.

During spring and autumn, soil-samples were takam feach subplot from the surface to 30cm
depth (see 1IB). The soil was used for the follaywaxaminations:

The vector species were extracted, determined antexb (see 1ID1 and 11D2).

The virus content of the soil was determined by-tesiting (see IIE1) followed by ISEM (see

[IE8). The inter-crop-species and the weeds praserd tested for TRV (see IIE1 + IIEB).

The percentage of virus-containing vectors in the tatddddorid-population was determined by

transmission tests with single nematodes (see 1ID3)
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The potato tubers of years two and three were exahfior TRV-spraing disease symptoms.
This was done by cutting the potato-tubers in Sricesand examining each slice immediately

for disease symptoms.

VII.C Results

VII.C.1 Potato-tuber-survey

The severity of the symptoms was assessed following the index of Richardson (1970).
The occurrence-severity-index includes the number of tubers showingtosys and the
influence of the severity of symptoms.

The severity-index also expresses the percentage of symptomless tubersap.the
Because of its greater importance only the occurrence-sewetéy-is dealt with in the

interpretation of the results.

occurrence-severity-index

2x number of tubers with moderate symptoms +

( number of tubers with light symptoms + )
4x number of tubers with strong symptoms

total number of tubers (with and without symptoms)

severity-index

2x number of tubers with moderate symptoms +

( number of tubers with light symptoms + )
4x number of tubers with strong symptoms

total number of tubers with symptoms
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VII.C.1.a Comparison

Table 32: comparison

year year
two three
crop oSl STS | SD conclusign JOSI | STS | SD conclusiof
fallow land 100% 100%| 35-44% control 100%| 100% 17%| control
rye - - - - 58%)| 53%)| 111-1199% insignificant
buckwheat 644% 450%| 53-54%) increase 100%| 78%| 75-80% constant
lupins 56% 49%| 18-20% decrease 58%)| 51%)| 141-143% insignificant
clover 244% 190%| 63-64%) increase 69%)| 73%)| 120-124% insignificant
mustard 1322% 878%)]| 24-31%j increase 125%| 107%| 116-127% insignificant
grass + white clove 33396240%| 59-60% increase 3% 4% 0-35%| decrease
grass 444% 359%| 48%|increase 250%| 209%| 19-26%j increase
oil-radish 222% 166%)]| 53-60%) increase 6% 7%| 50-74%) decrease

OSI = occurrence-severity-index
STS = share of tubers with symptoms
SD = standard-deviation

The potatoes harvested at the end of the second year, planted afyeaoié inter-crops,
showed significant differences in the degree of TRV infection:

Lupins caused a lower number of infested tubers as compared to the fallow control.
Oil-radish, grass/white clover, clover and grass produced an intermediate lefettdn.
Buckwheat and yellow mustard produced an increase in infection.

Also, the infection level was lower in the lupin-plots than in the buckiiaad yellow

mustard plots.

The potato-symptoms of the third year, planted after two yearstexfgrops, did not show
statistically significant differences from the fallow contpbts in four of the eight crops
(insignificant = results with a standard-deviation of more than 8G%g.probable that the
many weeds in the plots, and the extremely dry period in the third year, are responsitie f

result (see VIIAL + VIID).
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Figure 24: potato-survey year two; occurrence-sevay-index and proportion of tubers
with symptoms
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Figure 25: potato-survey year three; occurrence-sevity-index and proportion of tubers
with symptoms
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The fallowplot results were used as a control and as a compéwistite inter-crop-results. The

three subplots showed relatively even results dstahdeviation between 3 and 35%)

Rye was planted in the year before potato-symptomsaroed first at this site, therefore it has

been included, although rye is not an inter-croph®&» common meaning of the term. The rye
plot was included only in the second potato-plangiear (harvest year three).

The results from the second year revealed a rentuofisymptom-occurrence as compared with
the fallow-control in the occurrence-severity-indexOSl; 58%) and in the proportion of tubers
with symptoms (= STS; 53%). But the standard-deniag= SD) was too large (111-119%) to

derive any meaningful conclusion from these results

The buckwheaplots showed an increase in symptoms in year on@4% (OSI) resp. 450%
(STS) compared with the fallow-control (SD 53-54%).
The OSI in year three was nearly the same as tlmvfaontrol (100%) and the STS had

decreased only slightly (78%) (SD 75-80%).

The lupinsplots showed a decrease of symptoms in year tws6% (OSI) resp. 49% (STS)
compared with the fallow-control (SD 18-20%).
The OSI in year three was lower than the fallowtan(58%) and the STS had decreased

(51%) but the SD of 141-143% was too large formeningful interpretations of these results.

The cloverplots showed an increase of symptoms in year oa24% (OSI) resp. 190% (STS)

compared with the fallow-control (SD 63-64%).
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The OSI in year three was lower than the fallowtemn(69%) and the STS had decreased

(73%) but with a SD of 120-124% no conclusions ddag made.

The mustargplots showed an increase of symptoms in year twb322% (OSI) resp. 878%
(STS) compared with the fallow-control (SD 24-31%).

The OSI was slightly higher in year three than fddew-control (125%) and the STS was
almost the same as in year two (107%). The SDs W&&127%, therefore meaningful

interpretation was not possible.

The grass + white clovgaiots showed an increase of symptoms in year two to 333% (€%l

240% (STS) compared with the fallow-control (SD&B4).
The OSI in year three was lower than the fallowbad(3%) and the STS had decreased (4%)

(SD 0-35%).

The grasglots showed an increase of symptoms in year on®48% (OSI) resp. 359% (STS)
compared with the fallow-control (SD 48%).
The OSI in year three was higher than the fallowtad (250%) and the STS had increased

(209%) (SD 19-26%).

The oil-radishplots showed an increase of symptoms in year wd22% (OSI) resp. 166%
(STS) compared with the fallow-control (SD 53-60%).
The OSI in year three was lower than the fallowbadr(6%) and the STS had decreased (7%)

(SD 50-74%).
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Table 33: results in detail

year two year three
STS oSl Sl n STS OSI SI n

fallow 72% % 0.09+ |1.17x |209 19.31%= (0.36+ |1.87+ |151
2.5% 0.04 0.12 3.33% 0.06 0.05

rye - - - - 10.32%= (0.21+ |1.57+ |180
11.45% |0.25 0.47

buckwheat 32.41%+ |0.58 1.78x |221 15.13%=+ [0.36% |1.66+ |128
17.35% |+#0.31 |0.03 12.05% |0.27 1.20

lupins 3.54%+ [0.05+ |1.29+ |222 9.84%+ (0.21+ |[0.71x |[191
0.64% 0.01 0.21 13.92% |0.30 1.01

clover 13.70%% |0.22+ |1.62+ |200 14.19%= (0.25+ |1.41+ (174
8.62% 0.14 0.07 17.04% |0.31 0.33

mustard 63.18%+ [1.19+ [1.86% |[159 20.69%=+ [0.45+ |[1.56+ |[165
14.94% |0.37 0.27 24.08% [0.57 0.55

grass + white |17.29%+ [0.30+ |[1.67+ |165 0.81%+ [0.01+ |1.67+ |165
clover 10.19% |0.18 0.17 0.28% 0.00 0.47

grass 25.87%+ [0.40+ [1.53+ (191 40.27%+ |0.90+ [2.22+ |[194
12.54% |0.19 0.04 7.69% 0.23 0.23

oil-radish 11.97%+ [0.20+ |1.60x |221 1.39%+ [0.02+ |0.75% |168
6.30% 0.12 0.18 1.03% 0.01 0.54

n = total number of tubers

STS = share of tubers with symptoms
OSI = occurrence-severity-index

S| = severity-index

VII.C.2  Virus-test in the soil

A bait test for the detection of TRV was carried @ee IIE1). Except in autumn in year one
about the entire area was found contaminated WRK 88.2 - 100% of the subplots with
positive result). The divergent results of autumiyear one (45.1%) was probably the result
of a very dry period that had preceded the sampling that kalteck in the trichodorids being
present at lower soil depths.

The black fields of the Figure 26 show a positiesult in the bait-test, white fields are

negative results.
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Figure 26: virus-test-results at the test-area
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VII.C.3  Nematode-counting and -determination
Trichodorids were extracted, determined and courfitech the soil-samples. The first

examination yielded five species (determination icor@d by Prof. Dr. Derek J. F. Brown,

SCRI):

Trichodorus similis 39%
Paratrichodorus pachydermus  26%
Paratrichodorus teres 22%
Trichodorus viruliferus 9%
Trichodorus primitivus 4%

The number of trichodorids was between 6 and 8A@@g soil (average 35).
Dependant on plant-species the number of nematfddsto 7 per 100g soil is not unusual
(Alphey, 1985; Cooper & Thomas, 1970), thus thead#tthis examination was higher than

expected.

The share of trichodorids in the total number d@fematodes was 0.3 to 12%.

Trichodorids are usually present in soils extremahevenly distributed (= aggregated
distribution pattern; aid Auswertungs- und Inforioasdienst, 1997). Therefore, the results
obtained here failed to provide any significantdevice of the affect of inter-crops on

nematode numbers.

Potato tubers are infected with TRV at a very young stdgaber initiation. A single feed by
a vector is enough to transfer virus. Therefordy gary few vectors are needed to cause a
total infection of all the tubers and a diminutiohtrichodorid-numbers therefore could be
meaningless if not result in a total exterminatidralb trichodorids. Also, the number of

trichodorids does not indicate the proportion cmig virus. The proportion of virus-
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containing trichodorids of all occurring trichoddsi has been determined, in single-
nematode-transmission-tests (see 1ID3). @riehodorus similisand oneParatrichodorus
teresof 36 tested specimens transmitted TRV, thatd%c5 however this test underestimated

the number of transmitting nematodes.

Five trichodorid species were present and therdifiespecies could possibly be influenced

differently or at different degrees by the antagtoiplants.

The fallow landplots served as the negative control. Becausdambsphad been grown here, no
root-material was available for trichodorids todeen. Therefore, it was suspected that the
number of trichodorids should have been less isetlpdots than in plots with plants.

The total number of trichodorids was between Qirfgpyear one, lic) and 89 (autumn year one,
lIb), and the relative share of trichodorids tor@matodes was between 1% (autumn year two,

la) and 12% (spring year two, lic).

Rye The total number of trichodorids ranged from Bt¢ann year two, la) to 50 (autumn year
one, Ic), and the relative share of trichodoridaltmematodes was between 0.4% (autumn year

two, 1a) and 2.3% (spring year one, la).

Buckwheat The total number of trichodorids ranged from 1 (sprireg ga&e, Ic) to 135 (autumn

year one, lIb), and the relative share of trichat$oto all nematodes was between 0.3% (spring

year one, Ic and lla) and 7% (autumn year one, lic)
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Lupins The total number of trichodorids ranged from 0 (spring amghan year one, la; autumn
year two, la and spring year one, Ib) to 59 (amwmar one, lla), and the relative share of
trichodorids to all nematodes was between 0% (gpaimd autumn year one, la; autumn year

two, la and spring year one, Ib) and 3% (autunam gee, lla).

Clover. The total number of trichodorids ranged from 0 (autunam gee, la; spring year two, la
and spring year one, Ib) to 159 (autumn year one, Hd)ifze relative share of trichodorids to all
nematodes was between 0% (autumn year one, lagsgear two, la and spring year one, Ib)

and 7% (spring year two, lIb).

Mustard The total number of trichodorids ranged from frifgy year one, Ib) to 268 (spring
year two, lIb), and the relative share of trichad®rto all nematodes was between 0% (spring

year one, Ib) and 19% (spring year two, IIb).

Grass + cloverThe total number of trichodorids ranged from pri(sy year one, lic) to 174
(spring year two, lla), and the relative sharerichbdorids to all nematodes was between 0.7%

(autumn year two, Ic) and 12% (spring year two, lla

Grass The total number of trichodorids ranged from 1 (spring geat lla) to 132 (autumn year

one, lIb), and the relative share of trichodorimsf nematodes was between 0.5% (spring year

one, la) and 7% (autumn year one, Ic).
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Oil-radish The total number of trichodorids ranged from fdrifgy year one, Ib) to 148 (autumn

year one, Ic), and the relative share of trichatoto all nematodes was between 0.5% (autumn

year two, la) and 6% (spring year one, Ic).

VII.C.4

Virus-test in inter-crops

The antagonistic plants were examined in bait-testdetermine their susceptibility to TRV

infection, but virus was not detected in these t&8disrefore, weed species growing in the plots,

and not the antagonistic plants, served as virssrveirs from which the nematodes required

Virus.

VII.C.5 Virus-test in weeds

Weeds growing at the test sites were tested fopthsence of TRV the year following the

completion of the experiment. At this time the figldds planted with maize with a very strict

weed-control. Therefore very few weeds could badyand then only at the edge of the field.

The weed-species tested were:

Table 34: weed-species

scientific name

German name

mentioned as a TRV-source*
trichodorid-nutrient# in literature

Galinsoga parvifloraCav.

Kleinblitiges Knopfkrau

1* (Edwardson & Christie, 1990)

Geranium pusillunBurm.

Kleiner Storchschnabel

Achillea millefoliumL.

Gemeine Schafgarbe

* (Edwardson & Christie, 1990)

Matricaria maritimal.

Geruchlose Kamille

* (Cooper & Harrison, 1973)

Capsella bursa-pastorig..) Med.

Echtes Hirtentaschel

*# (Weidemann, 1981)

Convolvulus arvensis. Acker-Winde
Galium aparind.. Kletten-Labkraut
Chenopodium alburn. Weil3er Ganseful} * (Cooper, 1971b)

Chaerophyllum temulumn

Taumel-Kalberkropf

Viola arvensisMurr.

Acker-Stiefmutterchen

* # (Weidemann, 1981; Coogef

Harrison, 1973)
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No infected weeds were found probably becauseafdyv weed species in low numbers could

be tested.

Soil was collected from the field and weed see@sqnt allowed to germinate. These weeds

were tested for the presence of TRV.

The weed-species tested were:

Table 35: weed-species

scientific name German name mentioned as a TRV-source* [in
literature

Convolvulus arvensis. Acker-Winde

Solanum nigruni.. schwarzer Nachtschattgn

Chenopodium alburn. Weil3er Ganseful * (Cooper, 1971b)

Echinochloa crus-gall{L.) P. B. | Hihnerhirse

Only a few weed-species, with only a few specimens of waoh obtained. Therefore it was not

possible to get a positive result above the detedtivel from these tests.

There are numerous publications about the viruseobrof weeds (s.a.), thus it is obvious that

the negative results obtained here are not repedsen; particularly from a site known to be

heavily infested with TRV.
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VII.D Discussion

The field test revealed that antagonistic plantgerasignificant influence on TRV infection in
potato. This influence is independent of the tatahber of trichodorids and the occurrence of
virus.

In both years the virus content (see VIIC3) of the area was between 93 and 100%.

Trichodorids were found to extremely unevenly distted at the site (aid Auswertungs- und
Informationsdienst, 1997). Therefore it is not wralghat the counting of vectors has given no
statistically significant results, as to whether or notiker-crops has performed an influence on
the vector number.

Because the potato tuber becomes infected at aygang stage, when it is just formed, only a
single feed by a vector is enough to transfer viQudy very few vectors are therefore needed to
cause an effective infection at a site. This cduddhe reason that the influence of antagonistic
plants doesn't relate to the diminution of the nendj vectors.

Also, the number of all trichodorids present doesindicate which proportion contains virus

and can transmit it.

After the antagonistic plants had examined for voostent in bait-tests it was clear that the
virus did not infect any of the plant species. Tesult shows that the antagonistic plants do not
propagate the virus or serve as a virus-sourcéhowector. Most weeds are known as very
effective virus-sources and these undoubtedly sasvéhe major source of infection for the

vectors (see VIICS).
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The different vector-species could possibly beumiiced differently by the antagonistic plants,
and the slightly different soil-conditions in théferent plots could have a “micro-influence” on

the results.

The most probable explanation is that the degree of growwet provided by the plants plays an
essential role through weed suppression. The resthie second year was probably caused by
the extremely dry weather. During periods of dry theagreen-manure growth is usually low
and therefore many weeds are able to grow. Thisesaa very high rate of infestation and

therefore falsifies the results (PSA Ahlem, 1975).)

Lupins are effective soil covering plants (Fig. ,2ahd thus there were almost no weeds that
could serve as virus-sources in this crop. If thenber of weeds is small, the vectors have little
opportunity to acquire virus.

Another possible factor could be the nitrogen-fixivacteria of lupins, as they may have an

influence on trichodorids acquiring/ transmitting V.

Figure 27: plot lupins
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Figure 28: plot buckwheat

Figure 29: plot yellow mustard
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Weed control wasn't carried out during the experim&he number of weeds occurring was
very high in several cultures such as buckwheatyattdw mustard because of their low ground
covering ability (Fig. 28 and 29). Here virus-sagonvere omnipresent and the vectors had
substantial opportunity to acquire virus. This coble the reason for the increase of TRV

symptoms in the potatoes.

The results of the experiment reveal that the usanthgonistic plants as inter-crops has
potential to control TRV-damage, but not for tatahtrol of TRV-damage. The choice of a
suitable inter-crop can reduce but not eliminate/Tdmage and may represent a practical

method for the farmer.
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VIl General discussion

Information about TRV infected sites was obtaingadilecting samples from locations where a
TRV-infection was suspected. If this suppositionsveanfirmed by investigation of the soll

sample a questionnaire (see IlIB2) was sent to desnand consultants at plant-protection-
offices. The questionnaire contained 6 differentgésee llIB1): location, soil-characteristics,

occurrence, rotation of crops, symptoms and patalidsar

To get an overview of the occurrence of vector nematodeespba samples were examined for

trichodorids and the specimens found determinagpéaies level (see 1ID1 and 1ID2).

TRV was found present in all examined areas of Geyraad appears to be spread throughout
the country.

The level of damage depends on the extent of potdtivation, the more this crop is planted,
the more samples were investigated because ohtheasing interest of growers in disease-
control. The connection between potato-cultivatioil extent of infected sites can be assessed
with a stock-taking of all sites with this crop.the present study only sites with suspected TRV
infection were investigated, therefore a more congarsive estimation is required to provide an

accurate assessment of the TRV disease problem.

The influence of soil-conditions on symptom-expressionamodrrence of TRV-damage are not
precisely known. Some authors (Cooper & Harriso®i/2) report that high soil humidity
increases the mobility of nematodes and therefoeespread of virus. To determine if this

hypothesis is correct, information about soil-chtastics must be collected.
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The infected sites mostly are sandy and dry - &gar potato-land.

Disease-occurrence appears to be correlated witinrgation.

These conditions are optimal for the vector-nemegod@he sandy soil has large pore-spaces for
nematode movement. The high water-content proveédéisid film in which they are highly
mobile. Both are prerequisites for vector-movententards the potato plant and therefore for

infection with TRV.

Information about the history of occurrence of TRWnptoms provided insight as to how
farmers deal with TRV-problems. For example farmteysdifferent potato-cultivars or stop
potato-cultivation because of a single TRV infegtio

Most farmers try different potato cultivars to dmase their losses. Because of the high
investment this crop requires (storage-buildingshwientilation-systems and temperature-
regulation, expensive machines, participation ofcktéactories and marketing co-operatives)

farmers have considerable pressure to find sokitiothe TRV problem.

The influence of different crops on the occurreocichodorids and/or TRV was investigated.
In this connection also crop-rotation of the prémgdyears must be examined to explain
accumulations of damage after specific rotatiorepas.

At the sites concerned the dominant rotation-patiecluded grain crops (barley, wheat, rye).
The high multiplication rate of trichodorid vectoematodes under such crops has been well
documented (Spaull,1980; Weidemann, 1981). A lapgpulation density increases the
possibility of virus-transmission.

Because of the rare use of inter-crops commenthanrole for TRV control cannot be made.

(For further information see chapter VII.)

152



Symptom-information was used to investigate the cleniatic symptoms in the examined areas
that could have been influenced by different caltsv
Affected potato-tubers from the examined sites ma$tbwed spots, arcs and cones.

In most instances the damage was assessed a¥ ligtermediate.

A principal objective of the investigation was itiGoation of potential resistant potato-
cultivars. Because there have been many differamtl often contradictory, reports about
resistance-characteristics of potato-cultivarss imperative to take stock of the actual situation

in Germany.

At the TRV-infected sites, 43 different potato mats and up to 85 test cultivars were planted.
(For further information see chapter IV.)
The comparison of TRV symptoms and potato-cultishows that most cultivars exhibit

different symptoms.

To get an overview of the occurrence of vector riedespecies the TRV-positive soil-samples
were investigated for trichodorids and the specsrieand determined to species level.

The investigation resulted in identification of Tfferent trichodorid species. Mostly the
nematodes were present as species mixtures of tswo species.

Examination of the distribution of the different sj@s did not reveal any geographical

preferences.
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TRV occurred in all examined areas, causing damaggécific cultivars. Therefore, attention
to this problem is required to develop methodsdduce crop losses and to avoid further

damage.

A biological assessment (see lll) revealed thatetlie a problem with TRV in Germany and
apparently the virus is associated with the reaafalifferent potato cultivars.

The specific use of resistant or tolerant potattiivews could provide an inexpensive and
reliable procedure for eliminating or reducing dgman potato cultivation. To select the right
ones from the range of cultivars is very difficoéicause of the strain-specific reaction of potato

genotypes to TRV. A specific prediction procedwsresiquired.

A tolerance/ resistance study was carried outsahgle location in Germany (Mellendorf). To
test cultivars in the field is not reliable becawdethe uneven distribution of virus and the
influence of weather. Virus-transmission by a sngématode can infest up to 3 plants within 4
days (Ploeg & Brown, 1997). A rapid spread of ititat is therefore possible, also when low
numbers of trichodorids are present, if the nenmegtate vigorous and mobile in soil, through
sufficient soil humidity.

Tests in pots are more reliable than field testktave less variability (Dale & Solomon, 1988).
The most direct test-method, a direct inoculatiérthe potato-tuber, till now isn't possible

because the infection rate is much too low forfiracpurpose (Xenophontes al, 1998).
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Cultivation of many cultivars at a site at whichethirus strain has been determined, is
expensive. Therefore testing of potato cultivaredlly against various virus strains is the

preferred method of choice to enable reliable taste statements to be made.

Tubers damaged by TRV are unsuitable as food pstabo for processed products, such as
crisps and chips, and inferior as economy potathi{&, 1973). Two per cent affected tubers
can result in the complete lot being rejected foman consumption (Spaar & Hamann, 1974).
These lots can be used only for starch and fodabetuption (Schitz, 1973). Additional costs
arise for the manufacturer and severe losses @imacfor the farmer through this disease
infection. In a year of over-production of potatéats with an even smaller percentage of TRV-
symptoms (in UK 1-2%) are rejected.

Recently investigations have led to the conclusiat the size of tubers is much reduced, and
they are no longer marketable (Daleal, 1999). Therefore the financial loss can be sulisia

or even total.

Another risk is that symptomless tubers can confBRV without showing a reaction
(Xenophonto®t al, 1998) These tolerant (Adam, 1997; Habe&u8l, 1997) reacting cultivars

represent a high risk for the spread of TRV atofimeher virus free sites.

In Germany about 132 potato cultivars are cultivated (ardrdacherDienst, 1990), and 50% of
these can be classified as susceptible accordipipliographical references (Reepmeyer, 1973).
The "list of potato cultivars” of the cultivar afé of the Federal Government shows a

susceptibility-level for TRV in 106 food potato tuérs.
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Forty-seven cultivars with the susceptibility "loahd 28 with "low-medium®, are available for

low-input farming. Unfortunately, because of strapecific reaction-differences, these details in
the "cultivar list" aren't reliable. The cultivavgth low susceptibility such as Roxy, Saturna,
Secura and Solara on average had 17% of diseasienoe and 1.3% of these lots were
rejected. The Berber and Agria cultivars, with ntedslusceptibility, showed only 2.8% disease
incidence which led to the rejection of only 0.5¢h® lots. The various virus strains and/or the

vectors and location conditions are possible reafmrthese discrepancies.

On the light soils of northern Germany productidrgoality potatoes is complicated by TRV
infection. A reliable and strain-specific suscejitipdiagnosis is needed, to identify available
cultivars with low susceptibility that can be susgfelly grown. This will improve the quality of

potatoes and thus also the income of farmers sethegions.

For a precise cultivar-recommendation the reaction oftavauto a virus strain must be studied.
A prerequisite for this is that the virus strainghbe precisely determined. For this, different

methods (ISEM, decoration, ELISA, PCR) are avadabid each method has its pros and cons.

Serological methods (ISEM, decoration, ELISA) aedlwstablished and relatively inexpensive.
At the practical level they need high-technologyipment (EM, ELISA-reader) that is not
available at all plant-protection-offices.

Also the worker needs to have experience (espeaially ISEM, decoration) with the virus.

These methods do not work with the frequently ategiNM-strains.

The pros and cons of EM- and ELISA-methods (se®) lilecomparison are:
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ELISA is much easier and quicker.

ISEM/decoration delivers no false positive or negatesults.

PCR-technology has the advantage to react alsoNWtkstrains, and undoubtedly this will be

the method of choice in the future.

The results of all these methods are not totaligmarable and any comparison should therefore
be done with caution. Therefore the developmena ainiversally valid method is urgently

required.

The official resistance recommendations, havinghlmdy performed at a single TRV infected
site, are not reliable (see 1V) because of strpgesic reactions and the result that the methods
actually used to estimate the interaction of vatnain, vector-species and potato cultivar are not
optimal for all isolates. It is therefore necesstmy the future to develop a fast diagnostic
procedure for the existence of TRV and the idemiiifisn of the virus strain. PCR(polymerase
chain reaction)-technology based on nucleic-acaviges enhanced detection-sensitivity. This
method currently has not been fully developed dmd the strain-specific testing with TRV,

which is basis for the resistance-testing, neetie tweveloped.

PCR-tests could be realised with several materials:
1. leaves of indicator-plants form bait-tests: tod®lian early warning test for a site
2. vector-nematodes: to speed up this early warnstgoieavoidance of indicator-plants

3. tubers: to be used for the cause-clarificatiomfddted potatoes
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4. other parts of potato-plants: to deliver anothetem if tuber-tests show problems because
of inhibitor-systems

Another area of research is the determination ofovespecies. Specific TRV-strains are only

transmitted by specific vector-species therefoeniification of the vector nematodes would

enable the virus strain to be predictedvioe versa

Plant species differ in their host function for TRV, aheb for the vector nematodes. The use of
these plant species could therefore present a ohéthbcould be developed for damage control.
Two types of antagonistic plants that are not hdsts TRV and/or trichodorids can be
distinguished.

The first group act against nematodes or viruguidin having a direct influence. Antagonistic
properties of this group (Caswell-Chen & Sharma96)9reside in foliage, roots or root
exudates. In this context direct and indirect effeets be distinguished. Direct effects include
the production of toxins; that are chemical suppuetssthat inhibit for example the nematode
life cycle and biology including egg hatch, roonpgation, development, fecundity and mate
finding. Indirect effects include the inductionsafppressive rhizospheres.

The second group of antagonistic plants suppressamatodes or virus by not being a host.

If a good host for trichodorids, and not for TRY,gresent, the trichodorids feed on the plant
and transmit the virus which will not be multipliedthe plant (Maas, 1975). Consequently, the
nematode can not re-acquire virus and thus becouefree.

If a non-host for trichodorids is present, thethtadorids do not feed. Therefore the virus stays in

them, till they feed on a suitable host-plant.
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In an extensive 3-year-field-experiment the influeatselected potential antagonistic plants on

vectors, TRV and potato-symptoms was investigated.

Results from this field experiment revealed thaagonistic plants have a significant influence
on TRV symptoms in potato.
During two years of the experiment the virus-con{gee VIIC3) of the area was between 93

and 100%.

Trichodorids were found with extremely uneven dttions (aid Auswertungs- und
Informationsdienst, 1997). Therefore the countirigvectors does not provide statistically

significant results i.e. as to whether or not titer-crops had influenced the vector numbers.

Only a very few vectors are needed to cause antiefanfection. This could be the reason that
the influence of antagonistic plants doesn't irntdicathe diminution of the number of vectors
results in the decrease of TRV infection recordedhie experiment. Also, the number of

trichodorids does not indicate the number of spensrcarrying TRV.

TRV was not detected in the antagonistic plants they are probably non-hosts for the virus.
This result revealed that it isn't necessary ferdahtagonistic plants to propagate virus to serve
as a virus-source for the nematodes. Most weedsnargen as very effective virus-sources (see

VIIC5), and an additional source isn't necessarytfe nematodes to acquire virus.
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The different vector-species could possibly beumficed differently by the antagonistic
plants, also, the slightly different soil-conditeoof the different plots could have a “micro-

influence” on the results.

The most probable cause for the reduction in TRMatge was that the degree of canopy of the
plants plays an important role in suppressing wgedth, and hence reduces the availability of
sources from which trichodorids can acquire vitugins are effective canopy plants, and there
were almost no weeds, that could serve as viruszesyin this crop. If the number of weeds is

small, the vectors have little opportunity to acguiirus.

Another possible factor could be the nitrogen-fixoagteria of the lupine, as they may have an

influence on trichodorids and TRV.

Weed control wasn't carried out in the experimehte fumber of weeds occurring was very
high in cultures such as buckwheat and yellow nmddtacause of the low ground cover. Here,

virus-sources were omnipresent and the vectorgbad opportunity to acquire virus.

The use of antagonistic plants as inter-crops [tantially effective method for controlling

TRV-damage, but does not provide total control. Theice of a suitable inter-crop can reduce

but not eliminate TRV damage and may provide thg practicable method for the farmer.
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