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Novel Eradication Strategies for Pale Cyst Nematode
L oulse-M arle Dandor and, University of 1daho, M oscow

IhePale Cyst Nematode

Cwst nem atodes are obli gate pathogens of numerous pl ant species, and are major product on
constraints for a number of crops worl dwi de. Most economicall v important spea es of the cvst-forming
nem aiodes are in the genera Heterndera and Globodera. Polato cyst nematodes are internationally
recogni 22d quarantine pests, are among the most damaging pests of potato, and can cause up to 100%%
vield loss (Brodie 1984). Cyst nematodes are also extremel y damaging to sovbean (Riggs 1977),
sugarbeet (Steel 1984}, tobacco (LaMondia 1995 ), and other important arops.

Two speaes of potato cyst nem atode are found in the United States: Globodera pallida, the pae
cyst nematode (PCH), was first found in Idaho in 2006, whereas the gol den nematode, G. rostochiensis
((GM), was first found in Mew York i 194]. Eoth speces are regul ated under a F ederal Domestic
uarantine Order (USDA-APHIS ) and parallel State Rules (Idaho State Dept. of Agnculture, New York
State Dept. of Agriculture ), and eradication efforts are underway.

In New York State, 922395 acres are currently regul aled because of the presence of golden
nem stode; of the regulated area, 5,985 acres are infested with GN. In Idsho, surveys after the mitial
detection in 2006 confirmed seven infested fields, totaling 911 acres in castern ldaho. Since 2007,
another fourteen PCN-infested fields have been found Currently, 13,053 acres are regulated, of which
2300 acres are PCH-infested. The in fested fidds all fall within a 5-mil e radius More than 416,000
additional sampl es have been collected and tested in Idsho outside the infested area to confirm freedom
from PCN.

Cyst nem atodes survive away from the plant host as eggs insde of cyds, A cystisadually the
dead body of an adult fem ale nematode, with her eggs inside. There may be hundreds of eggsinsde a
single cyst. The narow host range of Globodera species suggests that crop rotation coul d be effective
for their control. However, due to thar obligate nature, Globodero species, and particul arly &. pallida,
hatch only in the presence of a suitabl e host {or d osely rel stled non-host ) that produces an appropriate
chemical hatching factor, so that cysswith viable eggs inside can remain in the soil for vears when a
host is not present. Consequently, PCN popul abon decline to non-detectable levelsin the absence of a
host can take upwards of 30 years for & pallida. This makes crop rotation arel atively ineffective
control strafegy.

Control of PCHN 15 al so compli cated by the s ow hatch rate of the nematode over the growing
season (1.e., not ol egos hatch ot the som e ime), which results in lower susceptibality of nemat ode
populations to nematia des. Wil e some resistance to PCNis present in polato vaneties grown in Furope
and elsewhere in the 1S | there is no resastance in most of ldsho's 9 gnature russet vaneties Innovator
has partial resistance to some pathotvpes of G pallide, Resgant or immune vaneties are antiapated to
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be at least several veams away. Becouse of regulatory considersh ons, potatoes connot be grown in
infested fields, and as discussed above, other cropshave little effet on popul st on dedine.

The presence of & pallida in Idaho has been viewed with alarm by other states and countries
that im port [dsho pot atoes and other farm products. A fter the imtial 1daho PCN detection in 2006,
markets for Idsho fresh potato products and nursery godk were lost for Canada, Mexico, and Korea
Japan temporarily closed the market for dl U5, potatoes, and continuesto disallow Idsho shipments
Consequently, eradication of PCN is atop prionty for the ldsho potato industry, induding the ldaho
Potato Commission, the ldsho State Department of Agricul ture, and USDA-APHIS. Millions of dollars
have been spent in ldaho in eradication efforts. A cnibical component of this work has been treatm ent of
infested fields with the fumigant methyl bromi de (M er), which has been ongoing sance the spring of
2007 Lab tests conducted after each treatment indicate a 95% viability reduction after one year's
fumi gati on, and over 99%% viability reduction after successive iresiments However, there are a number

of economic considerations and Melr label changes may negatively im pact its prolonged use against
PCN. Therefore, there i1s an urgent need for altern alive, econamically effective eradication approaches
for PCN

Alternative PCN E radi catl on Strategies

The Universaty of ldaho PCN Progect, wath its coll shorat ors, addresses many facets of the PCN
problem, including bi cassay of cysts from infeded felds for USDA-APHIS, collaborative research with
other USDA and umiversity researchers, sudies of PCHN bi ology, mol ecul ar detection methods for PCN,
and m olecular genetic approaches to nematode resistance in potato. One import ant goal of the UIPCN
Project is to deveop and deploy bi ologicall y-based alternative eradi cation measures for PCN, in a
com prehensive strategy to supplem ent and'or replace the current fumi gati on with MeBir, These measures
include trap arops that stimulate hatching without allowing nem atode deve opment, fungal bi clogical
control agents that it ack nematode cysts and eggs and which may dlso protect potato roots,
biofumigants, combnations of these methods, and outreach acivitiesinduding demonstraiion pl ots,
workshops, meetings, and internet maten als, to transfer these new technological approaches ito use by
stakeholders.

Alternati ve eradication measures are aimed at all life stages of the nematode. Trap crops, whidh
are non-hod crops that timul ate egg hat ching but do not support nem atode reproduction, provide one
mechani sm to control PCN, since hatched juvenil es have limited food reserves and will die if they do
not successfully parastize plant roots within days. With our coll eague Dr. Chuck Erown, we have
identihi ed trap crop spea es, induding Solanum sixymebed fiolivm, that simulate tis “smicide hatch.™
Sodanum sisymibe ffolium 18 m maual herb native to South Amenica that con reach up to 3 feet in height.
The sems and branches are ssmed with spines that can be up to Y2 inch in length. The flowers are white
to pale blue. 5 sisymdriifolinm, commonly known aslitchi tom ato, 15 prefored as a trap crop because it
com bines strong hatch stimulus with immunity to G, pallida and G. rostochiensis. One advantage of a
trap crop such as 5 sixymabei ifodivm, i85 that roots can access greater depths of the soal than fumi gants
without the environmental consequences. In preliminary expenments (Dandurand et al. 2013b}, we
chsarved a compl ete elimination of PCN reproduction in 5 sisymebriifolivm versus potato { Table 1)

Table 1. Mean number of cysts in S. sisymbriifolium vs. potato, after 16 weeks

Faotato 12 S8 sisymbriifolivm 0
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In contrast, cyst nematode population dedine in the absence of a host istypically low and under fallow
conditions may take 30 years or more.
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A dudy of the hife i story of G pallids on 5 sisymbriifofivm conducted at University of Idsho
has d ready found several landmark changes in the appearance of ather the nem atode or its infected host
(Dandurand et al. 2013b). We know that hatching of eggsis about equal whether we use potato or 5
sisymbryifodinm root diffusate. Thus, the two plants are physiologi callv equivalent, with regard to hatch
stim ulation, up to that point. However, by week 4 post-infection, many fewer J2s are found in 5
sisymbriifoliom roots compared to potato, and ther deve opment i s arrested (Fig. 1L
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Fig. 1. Numbers of J2 larvae in roots of potate vs 8. sisymbriifolium (Ss) after 2, 4, 6, and 8 wk.

Current research to examine the potential of 8 sisymbriifolinm a8 atrap aop for infesed fields
in Idaho indudes selection for decreased spines, investi gati on into aspects of early germination of seeds
and rapad growth of the plant, and use of herbi ades for 115 control. We are al so assessing the length of
time that the trap crop needsto be grown o moamize its e ffectiveness, and determining whether
mnother arop could be grown in the same season.

Several nematode-killing fung are known to be natural enemies of cvst nematodes, and have
potential to be s tabl e agents for biological control. We have isolated and identified at | cast three strains
of cyst- and'or juvenile-parastiang fungl ( Paccilomyees lilac inus, Pleclosphaerella cue umerina, ad
Trichoderma harsignum ), Ifnon-host trap plants arrest cyst nematode development, it may increase
exposure of infective juvenil es to biol ogical control agents over longer penods of ime. Thus the
com bination of trap crops with biocontrol organi sms m ay increase the effi cacy of cyst nematode death.
Mustard seed meal, which produces nemat ode-killing compounds, is still another possbl e approach.

Laboratory, greenhouse, and field tnal s are currently underway with al of these potentid
eradication technol ogies. Trap arops look espeaally promisng: in greenhouse studies, while 5
sisymbriifolium caused hatch of PCN eggs, the numbers of juveniles entering roots was signifi cantly
reduced, com pared to potato (Dandurand et al. 2013a). Development of the nem alode was arrested in the
trap crop within several weeks, so that PCN reproduction did not ocour. Trap crops were evaluated in
the fiel d for the fird ime in 201 1. Biologica control fungi continue to look promising: greenhouse
evaluation showed all three speaesto be effective in reduang cyst numbers and viability of PCN, and
two spea es applied in the field were able to persist in sl and on the roots of a non-host aop (barley)
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(Dandurand et al. 2013b). In prdiminary laboratory and greenhouse sudies, the biofumi gant crops
Brassica funcea md B. napix d gnificantly reduced hatching of PCH.

Each of these drategies, as wdl as combinati ons of them, shows promise for eradi cation of PCN
in Idaho. Unlike in Europe, where the nematode is widespread, PCN populations in Idsho remain
locali 2ed. In this scenan o, eradi cation of PCN rem ains the goal, which is why the expl oration of every
posable eradication tool isa top prionty,
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Jim Crosslin Retires in October

JamesM. Crosdin, Research

Plant Pathologi &, USDA-ARS,
Prosser, WA, will retire October 1%,
2013. We wish lim happy retirement.
His expertise in virus and
phytopl asma related disorders in

atoes will be missed Furthermore,

is leadership will be missed in the

potato psyli dZC research team.

Photo: Jim on the summil of
Zumstanspit e (14,970 fl ) in the Alps
this July.




