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What is the source of potato psvllids colonizing W ashington, Oregon, and ldaho
potato fields?
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Murphy. Silvia 1. Rondon, Venkatesan G. Sengoda, Lisa G. Neven, and Andrew S, Jensen

In the earl y- to mid-1900"s potato psyllid was a sporadic but highly damaging pest in potato and tomato
crops, largely along a north-south corndor on either 5 de of the Rocky Mountans Damage was caused
by outbreaks of a plant disorder (“psyllid yellows") due to feeding activiti &s of the psyllid. In the late
1900°s and early 2000°s, potato and tom oo growers in the southern U5, and northern M exi co began to
expenence outbreaks of a new type of damage, imtially of unknown cause but eventually found to be
assoaated with potato psvllid and a bactenum vedored by the psllid (reviewed in Munyanem 2012).
The discase in polatoes leads to sreaking of tubers ( “zebea clip”™) and substantial lossesin vid ds Zebra
chip was fird observed in northern Mexico in 1994, mnd has expanded iis mnge steadily northwards
mnce that initial appearance to reach the ma or p:l:tu growing regions of Washington, Cregon, and
Idahoin 2011 (Fig. 1).
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Figure 1. First deection of zebra chip disease (data from muluple sources).
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Effortsto manage acbra dip disease in Washington, Cregon, and [daho (hereafter, "FNW) are

com plicated by an inabslity to answer a smple question: What 15 the source of psyllids coloni ang
potatoes in these states? In the shsence of this information, growers are faced with difficulties in
predicting when andin what numbers psyllids will amvein a fiel d, combi ned with uncertantiesin
predicting where hotspots are likel v to develop, While it might seem a smpl e matter to det ermine the
source of pevllids amiving in fields, the answer is actually fairly complex, for two reasons First, there
has been historical acceptance that psvlli dsin northem growing regions are mi grants that recol oni ze the
region each year from breeding areas in the southern U.S. and northern Mexico. This historical
interpretati on has tended to col or our views in understanding epi demiol ogy of zebra dup, and we are
only now beginning to reevaluate this thess A second i ssue isthe failure until quite recently to
apprecate that potato psyllid acually compn ses a mixture of genefi cally differentiated popul il ons
(“haplotypes”), each with an incompl etely described biology. Here, we summan ze the imeline of
discovenes that have led to our current understanding of pgyllid presence in the PNW growing region.

Overwintering, dispersal, and the haplotype Issue

A common them e in the early- to mid- 1900°s was that the northem geographic limits of potato psyllid
were governed by the psvllid's capaaty to survive freeang temperatures, com bined with an sbsence of
host plants sutabl e for psyllid survaval in late winter and early spnng preceding the potato crop. Thus,
there were two percaived seasonal bottl enecks that affected how far north the psylli d could overwinter
(Fig. 2. First, overwintering in the PNW would require the psyllid to have alevd of winter cold-
hardiness that allows it to survive freeang temperatures, Many speaes of psyllids have this winter
capability, so col dhardiness in potato psyllid should not be unexpected. In fact, many speaes of
psvilids overwinter off of their host plants (often on perennial “shelter” plants, such as conifers), thus
winter surviva ocours even in the absence the host plant. The second bottl eneck is perhaps more
important. This limiting factor is the apparent lack of plants that the psyllid can sirvive upon between
the end of overwintening and the appearance of the potato crop (Fig. 2: “host plant bridge™). Once
temperatures begin to warm in | ate winter, the psyllid requires a plant host snitable for feeding and
survival. Economic entomol ogists sruggled with this questi on throughout the mid-1900"sin trying to
expl an the psyllid’s summ er presence in northern states, but with no dear resolution of the problem.

Cold-hardy ¥ Cold-hardy?
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Hast plant bridae? Host plant bridpe?

Figiie 2. Hypaheared batlenedis limating narthem readency of paato psyllid % dlow: potalo arop.

Civen these percerved hmiting fact ors, summer presence of the psyllidin outbreak regions al ong the
Rodcky Mountain com dor was assumed to be due to psylhd dispersal from winter breeding grounds in
southern Texas and neighbonng areas (Fig. 3A). Winter populations of the psyllid are readily visible on
non-cul tivated pl ant hosts in south Texas and northern Mexico, extending westward to Eaja California
and southern Cali fornia. The psyllid then ofien disappears completely in summ er from the warmer of
these overwintenng regions, apparently in response to summ er heat, about at the bme that it beginsto
show up in regions north of the overwintening area The absence of obvious overwintenng populations
in those northern states, combined with an apparent | ack of suitable hosts in early sprng, led 1o the
1900°s consensus that summ er populations of psdhids in northern potato crops amve there asmigrants
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from southern overwintenng grounds (Fig. 3A) rather than as locall v overwintered resadents. That view
is only now bang reevaluated, prompted by a mix of molecular and biologica study.

A molecular anal vasled to the discovery in the mid-2000"s { Liu et al. 2006) that psyllids from
California and Baja California differed genetically from psvllids of north-central Mexico and the central
115, (Fig. 3B: blue vs green arcles), leading to thar labeling as distinct genetic types, or haplotypes:
Western hapl otype (green ardes and Central haplotype (blue drcles). Additional modecular analysisin
2011 confirmed that psyllids from potato crops in the central U.S. comprised largely or exclusively
psvllids of the Central haplotype, and that populations of the psyllid westward of these sampling

locati ons becam e increasingl y or sol dy of the Westem hapl otype (Fig. 3C; Swisher et al. 2012).

C.

Frgiwe 3, (A) Histoncal inlerpretation of psyllid outbraks along Rocky Mountmn carmdon (#)
Dimcovery of W sstem (green), Centrl (Muel mnd Mot bwestern {red) haplotypes { 2006200 2}, e

on gnd hypoheas for source o psyllids respomsible forthe 2001 zebra chip oulbreask (green arrow). (0
Haplaype Meguencies in pota o'tomato Nelds of the caniral .5 and southerm Califormia imodified fram
Swisher el al. 20012 Westem (green), Ceniral iblue).

The discovery that potato psvllid com prises a mixture of genetic types was accompani ed in 2011 by an
outbreak of z2zbra chip in Washington, Oregon, and ldaho. The Western hapl obvpe was abundant in
heavily damaged potato fid dsin these | ocations (Swisher et al. 2012}, and the assumption was that
infective psvllids of thish aplotype had di spersed northwards from southermn coastal regions (Fig. 3B:
green amow), This led to the idea that there might actually be two routes of di spersal northw ards, one

al ong the Rocky Mountain comdor { Central haplotype), and a second along the coastal states (Westem
hapl otype). As a final comphicatng factor, a thirdhaplotype {Northwestern) was discoveredn 2012 a
locati onsin Washington, Cregon, and Idsho (Fig. 3B: red oval; Swisher et al. 2012). Thishaplotype has
vet to be found outs de of these 3 states, suggesting that it overwinters in these states rather than amving
there as a migrant from southern regions

Blttersweet nightshade and potato psyllid: an essentlal PN'W assoc atlon ?

With the idea that i | east one haplotype of potaio psyllid is resident in the northwestern U8, a search
was initiated to di scover overwintenng and early spring (pre-potato) hosts of the psyllid. A perennial
nightshade, bittersweet nightshade (Solanwm dulcamara), was found Lo support winter populations of
potato psyllidin Cregon, Washington, and ldaho (Jensen et al. 20012, Murphy et o, 2013). Thisplont is
an introduction from Europe, and isthe only common perennial Sedanwm in the Paa fic Northwest.
Herbarium records indicate that bittersweet nightshade has been in the PNW since o | cast the 1890°s.
The plant grows in large stands often near water and fence lines, and overwinters as a mat of dorm ant,
above-ground sem material (Fig. 4). Adult and immature potato psyllids are found on dormant stem s
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throughout winter. Because of its perennial life hisory, bittersweet nightshade allows egglaving by the
psvilid very early in the new season. Adult psyllids containing m sture eggs can be collected from
nightshade all winter (Fig. 5). Femal es exhibit a burst of egg maturation in late March with the firs
appearance of new foliage (Fig. 5: red oval), accompani ed by eggl mang on the weed The psyllid
appears to com plete a post-winter generation on nightshade in the Pacific Northwest, before emergence
of the potato crop ( Jensen et al. 2012, Murphy e a. 2013),
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Figure 5. Mumber of maiure eggs (lefl axis) in diss eded femd & collecied Mnom biltesweet
i ghishade throusloul winta. Sie al blue arcle is propomional 16 (requency o females in
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sile (mght mas).

Evidence is also beginning to suggest that bittersweet nightshade may be m overwintenng host
pnmanly for a single haplotype, the Northwestern haplotype (Fig. 6). Psvllids collected from potato
fields in Idsho, Oregon, and Washington may comprise a mixiure of haplotypes at the end of the
growing season, with a suggestion thal the local resident { Northw estern haplotype) inareases in rel sive
abundance as we move nothwards. However, this mixing of haplotypes seems to disappear in winler
for psyllid populations coll ected from bittersweet nightshade (Fig. 6; Swisher et al. 2013). Despite the
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presence of the Western and (in limited numbers) Central hapl obvpes in potatoes dunng the growing
season, apparently nather hapl otype i s present in high numbers in winter on nightshade. Ether these
two hapl otypes overwinter other than in association with bittersweet nightshade, or they fail to
overwinter in the PNW in appreaable num bers.

Pomte: dug. 2002 | Potate: Sept. 2012 | Hightshace: wirter 2013

Figure & Haplotypes in potato fields date summier 200 2 and everwiniering on bittersweel i ghishade @i
multiple locations in ihe PHW . Bodified from Swisher e al. {2003 ). Hapl cypes: Horthwsiem red), W esiern
{green), and Central (bluel

Finally, we are now beginning to surmise that sttersweet nighishade — in addition to acting as a

“bri dge” host - isalso a enfical part of the psyllid's winter physidlogy. Late summer psvilids of the
Morthw estern haplotype that are collecied from potato and then allowed access to bittersweet mi ghishade
will rapidly deve op an ability to survive lemperatures al least as low as 10°F (Fig. 7). Psyllids that
were denied access (o ni ghtshade had substantially lower survival. Interestingly, this response may nol
be umversal across haplotypes Fsyllids of the Central haplotype showed a s milar induced response to
nightshade, al though with lower survival on either host than psyllids of the Northw estern haplotype,
whereas no psyllids of the Western hapl otype survived the 10 °F exposure (Fig. 7). These proiminary
datn suggest that psylli ds of the Western haplotype - the presumed source of the 2011 £C outhreak in
the PNW - are not able to survive temperatures that the other two haplotypes are able to tol erate.
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Figare 7. Induced cold-handiness of Naribwestern and Ceniral
haplotypes prompied by leeding on bt asaeet nghtshade MW
Horbrarestern haploiype; C Central haplotype; W: Western haplobype.
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Conclusons and Questions
Cutbreaks of potato psyllid ol ong the Rocky Mountains have confounded entomol ogists snce the cady
1900°s, due to uncertainti es sbout the geographic source of psyllids in these regions That shortcoming
in knowledge complicates our efforts to manage potato psyvllid and zebra chip in Washington, Cregon,
and Idaho, The issue isnow more complex than it was last century given our recent realization that
potato psvlli d actwall v compn ses a mixture of genetic tvpes that appear to di ffer in geographic
distnbution, cold-hardiness, and dispersal tendencies. Entomologi s of the mid- 1900° s reali zed that an
understanding of psyllid outbreaksin northem growing regions requires answers to two questions: (1) Is
the psyllid cold-hardy enough to overwinter in those northem regions? (2) If so, what plant speaes are
available in early sring to act as a “bridge” between the overwintering state and coloni zation of the
germinated potato plant in late spring? We have made progress over the last several vears m addressing
these two questions, particul arly with the reali zation that an iniroduced perenm al weed, biti ersweet
nightshade, is likely to be an important part of the psyllid's overwintering and post-winter li fe history.
However, many questions rem mn unanswered and merit our attention. Of these, we cons der the
fu.':l!ml.mg to be the most i mportant:

Are other perenni al relatives of potato and bittersweet nightshade “bridae” hosts for the psyllid?

s Does the zebra chip pathogen overwinter in the PNW?

Do non-host “shelter plants™ such as coni fers contribute to psyllid overwintening, much as they

do for many other psvilid spea es?

Do haplotypes other than the Morthwestern hapl olype overwinter in the PNW?

How much movement is there by psvilids between mghtshade snd potato, and what factors (host

of environment ) govern thismovement?

s Do volunteer potatoes or cull piles have a role in the post-wintenng biology of the psidhd?
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