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Abstract:

The green peach aphid, Myzus persicae(Sulzer), was found overwintering in northwestern Montana as
eggs on peach, Prunus persicae L. The potato aphid, Macrosiphum euphorbiae Thomas, was found
overwintering as eggs on wild rose, Genus Rosa. Other species of Aphidae overwintering in the area on
Prunus domestica L., .P. americana Marsh., P. virginiana L., and on Crategus spp. are identified. Spring
hatching of Aphidae within the area was initiated within the last two weeks of March in 1977 and
continued until at least mid April. Hatching was not found co-incident with a mean monthly maximum
temperature of 4°C, but it occurred immediately thereafter (5°-7°C). Hatching was prior to the
phenological date of first leaf-budding on common purple lilac, Syringa spp.

The 1977 spring migrations of Aphidae in northwestern Montana began in the second and third weeks
of May and peaked one month later in mid- and later-June. Migrations were initiated during the period
of mid-bloom for common purple lilac. Aerial aphid catches were directionally significant (p = 0.01)
and appeared to be related to prevailing winds.

The primary reservoir of potato leafroll virus within the area was believed to be infected potato and
tomato plants in home gardens.

Potato leafroll virus and some of the pertinent biology of its primary vector, Myzus persicae, are
reviewed.
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ABSTRACT

The green peach aphid, Myzus persicae(Sulzer), was found over-
wintering in northwestern Montana as eggs on peach, Prunus persicae L.
‘The potato aphid, Macrosiphum euphorbiae Thomas, was found overwinter-
ing as eggs on wild rose, Genus Rosa. Other species of Aphidae over-
wintering in the area on Prunus domestica L., P. americana-Marsh., .
P. virginiana L., and on Crategqus spp. are identified. Spring hatching
of Aphidae within the area was initiated within the last two weeks of
March in 1977 and continued until at least mid April. Hatching was not
found co-incident with a mean monthly maximum temperature of 4°C, but '
it occurred immediately thereafter (5°-~7°C). Hatching was prior to the
phenological date of first leaf-budding on common purple lilac,

Syringa spp. ' ‘

The 1977 spring migrations of Aphidae in northwestern Montana
began in the second and third weeks of May and peaked one month'!later in
mid- and later-June. Migrations were initiated during the period of
mid-bloom for common purple lilac. Aerial aphid catches were direc-
tionally significant (p = 0.01) and appeared to be related to prevail-

" ing winds. -

The primary reservoir of potato leafroll virus within the area
"was believed to be infected potato and tomato plants in home gardens.

Potato leafroll virus and some of the pertinent biology of its
- primary vector, Myzus persicae, are reviewed. !




, © INTRODUCTION
i, . - |

Flathead and Lake éountiés'(Flathéad Vélléysgﬂgvé'beép.under
potaté produétion forAaround 50 years. :Siﬂée.1970, thelyearly acréage o
- planted to potatoés:has been between 3000 and 3500 acres.kiZQO-ldoo ha5
and has yielded an annual harvest-crop value'of a little less than~ ‘
$10, 000, 000, 6r approximately $3000 per acre. This répresents nearlyf
50% of the total statewide.acgéage under potato production and at |
:least 30% of the combingd revenue frém potatges; wheat and hay fér
these counties iﬁqntané, 1977a).

Wéll over half of.the pétato acreage in the Flaﬁhead Qalley'is
devoted to certified seed éotato prddﬁcﬁion. Certification of this
e éeed reéuires persistent diseaée control; 'fotato leafroll virus (PLRV)
is the least tolégable'of all the-vifus diseases of,séed‘potatées.
The’highest grades of seed potatoes, Nuclear and Elite f aﬁd II, allow
no incidence of this disease.in stocks. Foundatidn and Elitg IIi
grades tolerate 0.3% or less PLRV dise;se, and all £he Certified
grades will allow oﬁly 1.0% incidencg of PLRV (Montana, 1977b).

.Potato crops disqualified as seed are reduéed in value 25%Ato SC%;‘ In
addition, severe leafroll can reduce tuber yields 92% over healthy
:1piants (Hafper,et a;.; 1975); -

Except for the’spféad of leafroll via the propagatién.of infected

tubers, the sole kho@n means Qf its_spread is'by_apﬁidhvégtor'tréns—

missipﬁ. Of about 10 known aphid vectors of PLRV, the green peach
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aphid, Myzﬁs persicae (Sulzer), is the most:efficient|(Kenned§ et al.,

l962). Although PLRV has been incident within the Flathead Valley for -

several years, the presence of the green peach aphid ‘was not verified
1 .
until 1976.

This study was undertakén to investigate the overwintering of the
green peach aphid within the rlathead Valley and to determine the
spring migration patterns of aphids, . as a group,tas these mlgrations
related to the spread of Virus.diseases in potatoes.‘ It was intended

to identify‘potential'factors affecting the prevalence and increase of

this.aphid and the incidence and spread of pbtato~1eafrol1 virus.

To approach.a management plan for the‘control of Myzns persicae

. and the spread of potato leafroll virus, an understanding of‘the virus-.

vector relationship is necessary. A literature review of potato leaf-
roll virus (Appendix D) and. some of the pertinént biology of Myzus

persicae (Appendix E) is included here to provide background under-

.standing of the complexities of this relationship. . The conditions

that facilitate the_outhreak'of disease_or trigger a virus-vector

‘Yelationship favorable for disease spread are multiple and inter-

related. While these reviews suggest many'single_factors important in

7

approaching a management plan for virus-vector control, any one, or

lO G. Bain, 1976, Environmental Management Division, Montana
State Dept. Agriculture, 1300 Cedar Ave., Helena, Montana 59601.

Personal communication.
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'cpmbinétion,of them cannot be Substitutéd for an in—aepth understand-
iné of the Virﬁs-vector interplay in a particular control circumstance.
Therefore, the present work does not proffer a complete management
plan, but rather identifies some of the factors particular to the
1flathead Valléy as these factors relate to the body of.understanding

\

included within the literature reviews.




DESCRIPTION OF THE. STUDY AREA

The area investigated by this sfudy; the soutﬁ'Flathead'Vglley{‘
is located‘betﬁeen 114° and 114°30' west longitude and between 47°26}
and 48° north latitude. If comprisés'most of the area of Lake ébuﬁty{
Montana and lies within the southern-most region of the ?ocky Mountain
Trench, a structural depression stretching through British Columbia,
Canada, to about 160 km south of thé study afea on the west side of
the continentél dividé. - The yalley is bounded by the Missién.Mduntains
on the eaét, fising abruptiy from the valley floor at about 200m up to
éround 2500m, above alpine_térrain. On the west side of the gtudy
areé is the Flathead River. Beyond the river the topography rises
into more arid coniferous forest but less abruptiy than east of the
valley basin (Fig. l)ﬂ

The valley was made by geological uplifts and doWndrops along
fault lines. The valley depression waé enhanced by glacial action
that scoured the land surface ana left numerous moist potholes (Owen,
1958). The Flathead River Basin abounds with more water thaq any
" other basin in Montana, and this watér drains through the Flathead
valley (Fig. 2) (Montana, 1976).

| The study area is around 988,000A.(400,000 ha), onéQtenth of
which is'water area. Over half the land surfacé of_Lake'County is
montane forest, with another 30% equally divided betweén rangéland

and irrigated pasture. Only 2% of the county is devoted to irrigated’
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Figure 2. Principal drainages and waterways of south Flathead Valley,
Montana in relation to the 11 aphid trapping sites.
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cropland (1000-1200 ha potatoes). About one-tenth ofbl% of thé-lénd
.area is in orchards. These are primarily confired to the immediate
vicinity of Flathead Lake (Lake County, 1977). The lake moderates thé

" microclimate of the adjacent area enabling cultivation of sweet

cherries (Pfunus cérasus L.). Other Prunus species (plum, apricot,
peach) also are grown to a lésser extent around fhe lake and at scat-
tered rural and urban homesites.

Lands of south Flathead Valley plan£ed'to wheat and other small
~grains have been declining.in area for the past 25 years; There has '’
been a shift from the cultivation of small grains to growing hay and
pasture. About three-quarters of the barley-and oats used in Lake
County is imported from other parts of the state. Hay pastures are

most widely planted to timothy (Phleum pratensis L.), clover (Tri-

folium repens L., T. pratensis L., T. hybridum L.) and alfalfa

(Medicago sp.) (Lake County, 1972).

Most‘of the agriculture of the valley.iS'livestock oriented.
However, because non—agricﬁltural demandé are'increasing land values
more than profitable agricultural operations, there is a constant
stress on agricultural land to méximize production. On rangélands,
particularly on the more arid western side of the Vvalley, grazing
pressure is changing the basin grasslands from rough fescue éypes

(Festuca scabrella Torr.) to Idaho fescue (Festuca idahoensis Elmer),

bluebunch wheatgrass (Agropyron spicatum (Pursh.) Scribn. & Smith)
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and cheatgrass brome (Broyus £éctofum L;) types (Taylor et‘alw, i974;
Mueggler and Handl, 1974). | ' |

_Populatioh densitiés of south Flathead Valley,ére currently about
‘10 personé éer square mile (2&59 kmz), Férty-fbur pe;cent of the:pop—
ulétion resides in suburban cqmmunities.. Some présen£ coﬁmﬁnit& popﬁ-
lations sbown in Figqre 1 from north té soufh aré folson, 3600;° Pablo,
. 325; Ronan, 1506; Cﬁarlo, 230; St. Iénatigé[ 925. The tota; pépuié—
tion of Lake égun£y is arogna 17,000 people; The rurai agfi;buéiness
poéulation of the coﬁnty hés)begn declining for tﬁe pést 30 years.
_Populafipﬁ growth érojectiéns suggest a stabie grawth due.mainly tota o
limited influx of manufacéuriné industry. “Farm and agricqlture—
oriented population is expec;ea to continue declining in_the:fuéure
(Lake County, 1977).

The valley is frequented by a dry continental-type climate.iﬁflq—
enced by Pacific coastal and Arctic weather.‘ Pacific maritime‘air
predominates d;ring winter, resulting in a milder climate théﬁ is
characteristic of continentél air masses. elsewhere. The interactioﬁ
of arctic air causes cool_spélls in the vailey about. half as thén‘as
- east of thé_continentél aivide in Monténa. ,in the - immediate vicinity
of Flathead Lake, the gfowiﬁg season i§ abou£ ;40 day?.'.The étudy
area, south of the lake, has a 100-120 éay growing season. Fiftéen to

twenty inches of annual précipitation is charécteristic of the
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fvalleyi but considerably moreé than this acgumulafes'in the-surréunding

"mountains (Montana,'l976);

Frontal weather from Pacific coastal air moves across the valley
from the west. Westerly and southwesterly winds dominate thgée,fronts;
Northern -arctic air oveﬁflowing theicontinentél divide enters the val-.

ley{from the north and northeast.




MATERIALS .AND METHODS

Flatblaék sticky traps were 1oéated %t 11 trépping siteé toward.
the southern end of Flathead Valley. The traps were constructed from
mefal—rim—reinfprced plastic'cylinders measuring approximately 171 cm
in circumference by 28 cm high (Fig. 3). Plastic sheets were wrapped
around the cylinder and fixed to it Qith'brass fasteneré at #hrée
locations. A 10.7 cm (4 inch) wide strip in the center of these
sheets was coated with Tack;trap R (polybutylene) to provide a circular
trapping area 10.7 cm'by 171 cm.,
| Each. trap wag placed atop a wooden post driven into the ground
ﬁn£il the top edge of the trapping surface approximated'Z meters
height. This height was selected as the average height normally found
for the boundary layer (Rosenberg, 1974), énd it apéroximdted the
location of the wihd shear layer. The traps were painted flat black
to have no attraétion for aphids. The traps were intended to measure
the aerial aphid density near the boundary layer. |

Traps were oriented aﬁ least 5 meters away.from any-veéétatién.
that épproached their height to take maxiﬁum advantage of prevailing
winds. Traps were also oriented to be minimélly affected by winds
incited by localized topog;aphical and vegetétional variations . near
the trap site.

Trap catches from the 11 sites weré adjusted to 9-day trapping

intervals for comparison. The first interval was chosen arbitrarily
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Figure 3. Black sticky trap used for aphid trapping in south Flathead
Valley, Montana.
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~to correspopd with the first alate aphia trapped. It began on May 16,
1977.. |

At several rural locations within the study area, chékecherry and
hawthornhwere monitored for spring emergence of aphids aﬁd COlOQY.
develépment.. Terminal twigs on thé;e shrub stanés were tggged and
checked for aphid eggs ana‘nymphs. Official maximum'énd-minimuﬁ tem-
beratures from Kalispell, north of Flathead Lake, quson and St. Igna-
.tius were analyzed for correlation, if any, to spring hatching dates,
colony development and alate formation.

Sweep-net surveys of crop and pasture lands and inspections‘éf
home gardens were conducted‘to determine aphid distribution.

Phenological dates for purple common lilac, Sgringa sp., were
recorded at the northern- énd southern-most trap sites for poésible
correlation Qith aphia emergence.

Collections of developiﬁg and mature apterous and alate aphids

were taken from Prunus virginiana L., Prunus domestica L., Prunus

. americéna Marsh., Prunus persicae L., Cratequs spp. aﬁd Rosa spp. for -

identification.

Description of Trapping Sites

Three general types of trapping sites were selected. Site I
traps were placed adjacent to woodlots or forest cover (Figt 1).

These were at higher elevations than the other site-types.' Ponderosa
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pine (Pinus ponderosa Dougl.) was the most conSpicdqus gymnosperm near

. these sites though larch (Larix occidentalis Nutt.), white pine (Pinus

monticolor Dougl.), Engelmann spruce (Picea engelmanni (Parry) Engelm.)

and a few species of fir (Abies sp. Mill., Pseudotsuga spp.) also
occurred. Along moist slopes and drainages skirting the grassy,aféas
where traps were located frequent shrub stands included Crategus

douglasii Lindl. and Cratégus chrysophyta Ashe (hawthorn), Rosa spp.,

Aﬁelanchier spp. (service berry), Sambucus coerulea Raf. and Sambucus

melanocarpa A. Gray (elderberry), Symphoricarpos spp. (snowberry or

buckbrush), Prunus americana L. (wild plum), and Prunus virginiana L.

(chokecherry). The most frequent grasses near Site I traps were

Agropyron repens (L.) Beauv. (quackgrass) and Poa Spp. (bluegrass).

Agropyron spicatum (Pursh.) Scribn. and Smith (bluebunch whéatgrass)

was less common.

Site II traps were loqated on range and grasslands édjacent.tp
some cultivated lands. These sites were on the more arid wésterﬁ side
of the study area and were st lower slevations'than the other site-
types. Though no woodlots Were'near to these-sites, isolated cotton-
- woods (Pogulus'ggf) and willows (§§li§_§g;) occurred near irsigated ;

lands or in moist drainages within a kilometer in every direction from

'.‘the sites. Crategus chrysophyta Ashe and Crategus douglasii Lindl.,

Prunus virginiana L., and Prunus americana L. also occurred along -

drainages and in moist undisturbed depressions. Figure 2 shows the
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relationship of all the trapping sites to the principal draindges and

waterways of the study area. Purshia tridentata (Pursh.) DC. (bitter-

brush), ‘Artemisia frigida Willd. (fringe sagewort) and Artemisia

tridentata Nutt. (big sagebrush) were also found near Site II traps.

Opuntia fragilis (Nutt.) Haw. (pricklypear cactus) and Centaurea

maculosa Lam. (knapweed thistle) grew on dry, overgraze& or barren

lands. Agropyron repens (L.) Beauv. and Poa spp. were representative

grasses close to Site II traps, also. Stipa comata Trin and Rupr:
(needle and thread grass) was more scatterea on tﬁe rangelands.

Site III traps.were placed adjacent to suburban commﬁnifies in
the central part of the vglley. Suburban éreas had the widest diver-
sity of exotic plant spécies associated with them. However, because
the sites bordered towns, they also were next to the surrounding cul-

tivated lands. The genera Populus, Betula, Salix, Prunus, Malus,

Pyrus, Rosa, Syringa and Acer were well represented in suburban areas.

Lonicera utahensis Wats. was frequently grown near homesites. As at -~

- the other site—types, bluegrass and quackgrass were the most numerous

grasses surrounding the traps.

Site I Traps

Trap I-1. (T25N, R21W, S28) Elevation 3600 feet (1100 meters).
The trap was set April 5, 1977 and removed August 15, 1977. This was

the most northerly of all the traps, and it was on a steep




15
south-facing slope above a 2-3 ﬁile (3~5 km) wide, éast—draining
agricultural valiey. South of the trap sité, range and hay lands
stretched up to the_opposing side of the Vailey. North of the trap,
and aiso on the.opposing side of the valley, was montane forest.

Numerous forbs around the trap included wild strawberry (Fragaria

virginiana Duch.), sticky geranium (Geranium visco sissimum Fisch. &

Mey.), cinquefoil (Potentilla sp.), horsemint (Monarda fistulosa L.),

yarrow (Achillea millefolium L.), paintbrush (Castilleja hispida

Benth.), lupine (Lupinus leucophyllus Dougl.) and arnica (Arnica

. cordifolia Hook.).

Trap I-2. (T22N, R19W, S19) Elevation 3400 feet (1037m). The

- trap was set Apfil 4, 1977Aand removed August 16, 1977. Toward the

south this trap had an uninterrupted fetch across the valley. It was

located at the apex of a mild east-west ridge (about 60-100m above the
valley floor). North of the trap was coniferous forest on a north-
facing slope down to the southern end of Flathead Lake. Imﬁediately

to the south of the trap was an qlfalfa field (Medicago sp.).

Trap I-3. (T21N, RL9W, S20) Elevation 3300 feet (1000m). The
trap was set April 4, 1977 and removed August 15, 1977. Trap I-3
skirted the eastern extreme of the valley and it was open to the west,

south and north. East of thé trap was coniferous  forest on a west-

.facihg slope rising steeply into the Mission Mountains within about

g I %
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4 Xm of the trap. Aléng an'irrigation canal neit‘to‘the trap-were

scattered cottonwodds and willows. Southwest of the trap was a barley. '

‘field (Hordeum vulgare L.). ‘Orchard.grass (Dactylis §p.) was con-

. spicuous here.

Trap I-4. (T18N, 319w,‘sé9) Elevation 3200 feet (975m). The -

" trap was set April 6, 1977 apd removed August-l7,fl9771"This trap was.
‘ SOuthernfmbat of.all the trapé. Immediately south of the site was a
dry wooded coulee cqataihing numerousishrubs (harthorn, chokeqpérry;
wiliow,‘wild‘plum;‘élderberry, cottonwoad). ‘For 3-5 km fgrther south
was irrigated pasture land (Trifolium- sp., Phleum sp., Medicago sp.)
breaking into north—facipg montane woodlands; North of the trap were

: sprlng wheat (Trltlcum _p_), barley, potato and hay flelds and a

wooded, shallow western dralnage proceeded by more .open agrlcultural

‘ lands (Fig. 1).

Site II Traps

| Trap ii-l. (T21N, R21W, S5) Elevation 2850 feet (870m). - The
trap was set April 5, 1977 and removed Auguat'ls, 1977. iﬂis'trap‘was
situated with open fetah froﬁ all directioné.'iltiéas on beach 1and
abové the Flathead River. Tha river was about one mi;e (1-2 km)

west of the trap and 150m ‘below it. A dry unwooded coulae'dropped,té
pthe.west from the trap s1te down to the river. Gratihgiand rapgalaad

surrouhded the:sité.h Some alfalfa and whité clover occurred on
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irrigated land within 100 meters of the Erap. Less than 10 isolated'

cottonwood trees grew by a rural homesite about 100 meters north of

the trap.

Trap IT-2. (T19N, R21W, S30) Elevation 2500 feet (750m). The
trap was set April 6, 1977 and removed August i9, 1977. This trap w;s
' gdjaceﬁt £o a rural homesité,on a bench about 15 meters higher than
the Flathead River. Immediately to the soﬁth of the trap the land
dropped into the river basin where irrigated pasturé land preéeded

heavy shrub growth along the drainage. The genera Crategus, Salix,

: Prunus, and Populus predominated.

More- irrigated pasture land, corn, potato and wheat crops wefe
north of the traﬁping site. One to four kilometers toward the north-
éast aﬁ arid ridgé about 50-100 meters higher than the traésite sepa-
ratealthe bench land from the central part of the valley. ' The resi-
dence near the trap may'have affected prevailing winds from the east

and west.

Sife IIiITraps

Trap III-1. (T21N, R20W, S2) Elevétioq 3lOO.feet.(950m). The
trap was set April 5, 1977 and removed August 19, 1977. Trap‘III—l
was protected from northerly.and easterly winds by scattered ponderosa.
pine trees and a residence. South of the trap site a small field (1-

2 ha) of spring wheat was preceded by the town of Pablo. An alfalfa




18
field was about 200m to the west of the trap. Near the resiaence by

the trap grew a willow tree, plum and honeysuckle bushes.’

Erag III~-2. (T21lN, R20W, S11) Elevation 3050 feet (930m). -The
trap was set April 4, 1977 and removed Aﬁgust 16, 1977. Thisvtrap was
exposed to predominant winds from all directions ekcept the northeast.
A barley field was immediately to the‘west and an irrigated pasture
was to the south. Northeaétvof the trap was the town of Pablo. Open,

irrigated égricultural land predominated toward the south.

Trap III-3.- (T20N, R20W, S2) Elevation 3000 feet (910m). The
trap was set April 4, 1977 and removgd August 15, 19%7. A residénce
at the sﬁufhwest edge of the town of Ronan was immediatgly northeast
of trap III-3. A vacant lot of quackgrass turf preceded the. first
residence north of the. trap. West, south and southeast a‘wiﬁter wheat
crop grew. Open fetch afforded the trap from fhe west, south and
southeast. Ronan's outdoor ornamental planté were the mést diverse

and abundant of all the Site III trapping sites.

Trap III-4. .(T20N, R20W, S32)lEleyation 2900 feet (880m). The
trap was set April 4, 1977 and removed August 17, 1977. Alfhough a
fesidence was located 100 meters south of this trap site, prevailing
winds were.accessible £o it from all other directioés. To the south-

west isolated cottonwoods and a few species of prunus accented
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‘1éemifrura1 residérices. The' town of Charlo was about one-half kilom-
eter southof the frap. 6pen, irrigated agricultural land surrounded
the_comﬁunity.'»No woodlands wgpe.ﬁear to the site, and‘culfivated
ornamental trées and shrubs were generally shorter and yéungér than

those of other suburban trapping locales.

Trap III-5. (T19N, R20W, S5) Elevation 2900 feet (880m). The
trap was set April 4, 1977 and removed August 17, 1977. This trap was
placéd‘on the east edge of a narrow, raised irrigation canai. A few

Russian olive trees (Eleagnus angustifolia L.) less than 7-8m in

.heighé were growing on the east side of the canal_ana séveral meters
north of the trap. A residence was imhediately eaét of these. . Open
fetch preceaed the'tfap from the west, south and east. Towafd the
norﬁheast was the town of Charlo. 'Irrigated agricultural lands domi-

nated the location. Orchard grass was cohspicﬁous'by the trap. .




~ RESULTS AND DISCUSSION

¢

Some - aphids emerged from eggs brior to Aﬁril 1,_1977 on Prunﬁs

virginiana L., Prunus cerasus L. and Crategus spp. Nymphs were ob-

served near both trap site I-1 and I-4 in the first week of April.

Nymphs were observed on Prunus domestica Marsh. in the last week of.

March in 1978 near trap site I-4. Aphids.éontinued‘to hafch.froﬁ eggs
laid on chokécherry, héwthofn and'plum until at leést the middle of J
Ap;il;

The ﬁean monthly maximum temperature attained 4°C for the 30~-day
éeriod ending‘Febfuary 28 at both Poison and St. ignatius. In Kalispell
this value was reached for the 30-day period endiné Febrpary 29.. Aphid
hatches éppeared to initiate at least 2 weeks after tﬁese dates. Ey.
'April 1 the preceding 30-day period had attaingd a mean maximum fem—
‘perature of 6°C at-both Kalispell‘and Polson and 7°C at st. Iénatius.

Hatchingialso appeared unrelated to the oﬁserved rhenological datgs
within the valley. At the southérn extreme of the study area the first
bud of common purple lilac (Syringa sp.) leafed on April 7 and by
April 10,.95% of the buds had leafed. At the nortﬁern end of the area
these dates were delayéd about one week. On April 13 the first bud
had leafed near trap I-1 and by April 17 95% of the buds had leafed.

In the south the first bloom appeared on May 1 and by May 23‘95% of 'the
" blossoms had bloomed. Near to Site I~1 95% of the lilac blossomé had

bloomed by June 2.
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First ‘instar nymphsvobsérved bﬁ.the te;minal t&igs of chpkeéherry
were most freéuently not present there two or three days 1atef. Nymphs
hatching from these egg sites'at the‘tips of twigs and branches were
eonsistently observed moving down them. Subsequently, colonies
developed near the ground on new growth emerging at the base of choke-
cherry stands. Later, about 30% of the_observéd colonies were
developing at the upper extremities of the stands.

Before the buds of chokecherry and hawthorn had opengd, nymphs
fed at the base of buds and on bud scales. After opening, the nymphs
moved into the new florets and fed in protected locations 6f the flor-
ets and beneath bud scales; It was not until the appearance of the
first generation of Virginoparaé that most nymphs on chokecherry moved
onto young leaves to feed. This generation produced the first alatoid
nymphs. These nymphs began to mature and tolbecome flight-worthy in
the third week 6f May. This observation was consistent w;th'colony
development on hawthorn, also, but colonies developed on the terminal
twigs where hatching occurred. Fewer nymphs on hawthorn disﬁersed into

the shrub stand.

A single observation of aphids on Prunus persicae L. at a central
Qalley location revealedvfirst and second instar nymphs on new buds in
mid April. These gave birth to a generatiog of apterae. Both alatoid
and apterous nymphs were deposited on the terminal twigs of peach by

these apterae. These alatoid nymphs did not appear until the last
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week of Ma&.' The colonies wefe sprayed with a pesticide 5efbre £he
.alateé reached maturity.

Alates were numerous tﬁroughout the study area on hawthorn ‘and
plum in the first week of June. On chokecherry alatae appeared to
migrate within one or two days of théir final molt. Though alatoid
nymphs were numerous within all observed aphid colonies on chokecﬁerry,
adult winged aphids were rarely observed on these éh;ub stands. €ol-
onies on chokecherry remained active throughout the summer season.
Those on plum and hawthorn had completed migrationé_from these hosts
by the first week of July, though a few residual colonies remained on
them throughout the season.

Whether due to predators or parasites, or to adverée weather}
three out of seven observed stands of chokecherry di§playing over~
wintefing eggs and nymphs féiled to.give ri;e to aphid colonies.
Likewise, two of three observed wild rose bushes failed to give rise
to colonies though nymphs were observed on them in mid-April. The
colony that did develop on rose was on a stand within a protected
woodlot near trap I-2. The other two rose bushes were in open unpro-
;ected locales in the central and southern part of the study areé,
respectively.

A list of the aphid species identified from their overwintering
hosts is given in Table 1, as confirmed b; M. B. Stoetzel of the

Systematic Entomology Laboratory at Beltsville, Maryland. These are
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in addition to the aphid species listed in Table 2, already identified
from the Flathead Valléy.l

Table I. Aphid species identified from their overwintering host
plants in south Flathead Valley, Montana

Host Plant Aphid Species
Plum - Brachycaudus helichrysi (Kltb)
Prunus domestica Marsh. Brachycaudus cardui (L.)
Prunus americana L. . Phorodon humuli (Shrank)
Chokecherry Rhopalosiphum padi (L.)
Prunus virginiana L. Rhopalosiphum sp. possible

cerasifoliae (Fitch)

Peach Myzus persicae (Sulzer)
Prunus persicae L. )

Wild rose Macrosiphum euphorbiae (Thos.)
Rosa sp. :

Hawthorn . : Acrythosiphon sp.
Crategus chrysophyta Ashe. Nearctaphis bakeri (Cowen)
Crategus douglasii Lindl. " Nearctaphis crataegifoliae (Fitch)

Rhopalosiphum nigrum Richards

Table 3 shows the actual total aphid catches at each of’the 11
trapping sites. An aphid catch from a single direction constituted one
observation. These unadjusted catches are listed by date and site in
Appendix B with the contribution of each catch to each 9-day interval.

The adjusted aphid catches used for comparison between the trapping

lO. G. Bain, 1976 & 1977, Environmental Management Division,

Montana State Dept. Agriculture, 1300 Cedar Ave., Helena, Montana
59601. Personal communications.




Table 2. Aphid species identified
‘Western Montanal ‘
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from yellow pan trap colléctions'in

Acyrthosiphon sp.

Acyrthosiphon dirhudum (Walker)

Acyrthosiphon pisum (Harris)
Aphis sp.

Aphis craccivora Koch

Aphis fabae Scopoli
Aphis helianthi Monell

Aphis osetlundi Gillette

Brachycaudus cardui (L.)

Capitophorous braggi Gillette

Hyalopterous atriplicis (L.)

Macrosiphum sp.

Macrosiphum avenae (Fabricius)

Macrosiphum erigeronensis (Thomas)

Macrosiphum euphorbiae (Gillette)

Macrosiphum valerianae (Clarke)

Masonaphis sp.

Myzus persicae (Sulzer)

Nasonovia lactucae (L.)

Prociphilus americanus (Walker)

Rhopalosiphum maidis (Fitch)

Rhopalbsiphum fitchii (Sanderson).

Sipha sp. possibly agrogzreila
Hille Ris Lambers ‘

lCourtesy 0. G. Bain, 1977, Environmental Management Division,
Montana State Dept. Agriculture, 1300 Cedar Avenue, Helena, Montana

59601, unpublished data.

sites and for analyses of variance are given in Appendix C.

The

adjusted total aphid catches at each site are given in Table 4 with

also the adjusted arithmetic mean catch from each direction at each

site.

Adjustments were made by dividing the number of aphids counted on

the day of the trap check by the number of days since the last trap

check. This humber was then multiplied by niné, or the number of days

"in an interval.

During any interval in which a trap was not checked

a zero value was assigned and no data were included in calculations.
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Table 3. :bnadjusted tétal numbers of aphids'trapped’ﬁrom each direc—
.tion at.each site arnd the actual mean catch at each site

Trap Direction # Mean
Site north east south west Total obs. Catch -
I-1 6 18 26 6 56 44 1.27
I-2 24 13 -39 T 28 104 40 2.60
I-3 45 15 27 44 131 48 2.73
I-4 111 26 19 36 192 32 6.00
II-1 36 72 30 27" 165 - 30 4.13
II-2 44 32 14 19 109 36 3.03
III-1 67 . 29 27 37 160 40 4.00
III-2 39 © 25 T 42 27 133 36 3.69
III-3 54 32 25 42 153 44 =~ 3.48
ITI-4 42 28 23 30 123 36 3.42
11-5 47 26 13 27 113 36  3.14
Total 515 316 285 323 1439
Average  46.82 28.73 25.91 29.36 130.82

At p = 0.0l for experimental error there was found no significant

difference between the catches at Site I, Site II and Site III traps.

Neither was there any significant difference between Site III trap

catches

and Site T and Site II trap catches. However, a Duncan's

muitiple ranée test (Snedecor and Cochran, 1968) on the least-squares’

means (Snedecor and Cochran, 1968) of the aphid catches at each site

(Table 5)l revealed that the mean catches on trap I~1 and trap I-4

were significantly different (p = 0.0l1) from the mean catches on each

lDiscrepancies between these means and those given in Table 4
arise from the refined adjustments of the computer program to the un-
equal number of observations at the different sites and the least-
squares computation method.
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Table 4. Adjusted total. numbers of aphids trapped from . each direction -
at each site and the adjusted mean catch at each site.

Trap Direction # Mean
Site north east south west Total obs. " Catch
I-1 3.00 - 12.95 20.50 4.61 41.06 32 1.28
I-2 16.14 6.44 28.18 17.25 68.01 32 2.13
I-3 27.10 ) 12.35 18.49 31.68 89.62 36 2.48
I-4 54.95 16.20 7.88 15.82 94.84 28 3.39
I1-1 22,22 48.49 19.98 20.93 111.61 32 3.49
1I-2 34.17 21.77 11.62 13.73 81.28 32 2.54
III-1 48.14 23.55 17.52 25.09. 114.29 32 -.3.57
I1I-2 . 33.79 14.84 23.79 18.58 91.01 32 2.84
ITI-3 ° 32.55 21.17 18.60 26.92 99.24 32 3.10 °
III-4 27.93 18.05 15.16 19.02 80.16 32 2.51

III-5 37.56 16.72 ~9.59 19.20 83.07 32 2.60

Total 337.55 212.52 191.30 212.82 954.18".

Table 5. Mean numbers of aphids trapped from each direction at each
site calculated by the method of least-squares.

Trap Site : ~Mean- Catch
I-1 1.29
I-2 2,13%

. I-3 2.48%
I-4 3.59
II-1 3.49*
II- ' 2.73% .
III-1 3.57%
I1I-2 2.85%
ITI-3 3.10%
IIT-4 : 2.51%

ITI-5 2.60%*

*At p = 0.01 for experimental error. these values are not significantly
different. ' :
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"of'the gﬁh@x'pragg.'.The mean catches on I~1 and I-4-npt'on1y ref;ectéd
the exéfgmés of the range of means but aiéo the ektremeé of nortﬁ;séﬁth
range of trapping locations.

The total, unadjusted. directional aphid catches: are shown for éaéh
site, along with a summary of all the sites combined,:in Figure 4. A
1eas§—square5'énalysis of the adjusted catches based~on'the method of
unweighted means (Snedecor & Cochran, 1968) showed that diréctionS'were
highly significant (p = 0.01) in the numbers of aphids trapééd. A
multiplg range test on the least-squares mean catches from each direc-
tion showed that the number éf éphiés trapped from the north was sig-
nificantly different (p = 0.0l1) than thé number trapped from other
directions. The mean catéhes from the east, south and west were not
siépificantly different at p = 0.0l for experimental error (Taﬁle 6).

‘ Whether or mnot prevailing winds influenced the significance of
northerly trap catches was not positively determined. No official wind
data was available from the study area, or within Lake éounty. From
official wind data north of Flathead Lake,'in Kalispell, the resultant
wind direction in April, 1977 was southwest; in May, south; in June,
west; in July, south-southwest; and iﬁ August, northeast (U;S; Dept.
‘Commerce, 1977). The highest least-squares mean for aphid catches was
during inte?val 11, in August (Appendix A). This supporﬁs the positive
influence of wind in determining the high northerly trap catches. Of

nine rural agriculturalists living within the study area, all stated
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Table 6. Mean trap catches from eaéh‘direction at all sites combined,
calculated by the method of least-squares. '

Mean # Aphids Trapped per

Direction 9~day Interval per Direction
north 3.88
west 2.47%
east . 2.46*
south ' . ' 2.22%

*These values are not significantly different at the 1 percent
probablllty level (p = 0.01) for experlmental erroxr.

that prevailing winds predominately blew.from the west-southwest or

‘from the north—northeast. And during the 1977 spring-summer season,

they observed an inordinate amount of north-northeasterly wind. Wind

appeared responsible for the signifipance of directional aphid catches. '

An analysis of variance was’compuged for a curvilinear regression
on the adjusted aphid catches from eacﬂ trap,on the sum of the catéhes
from all the traps[ and on the combined catches from all the traps.
Only the curviiinear regression for thg conmbined catches from all fhe,
tr;ps was significant (p = 0.0l). This regression line is shown iﬁ
Figu;e.6L The adjusted trap catches from each site and a mathemati-
&ally interpolated summary of the adjuéféd catches are éraphed in
Figure'S. |

In late Juné and during July of 1977, inspections of home gardens
revealed only single aphids on garden crops. Nuﬁbers were few and in~

consistent. In August of 1978, garden -inspections revealed aphid’
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cdlohiés on brocéoli, cauii£IOWe¥, green pepper, tomato and pb;ato'
plants. Alate peach aphids were most nume?ous on £omato,vbut apterous
colony build-up was heaviest on green peppefa During,this same period,
alate peaéh aéhids were obsérved near systemic ihsecficide-treated
seed potato fields on voluﬁteer potato plants and nightshade plants
growing within a meter of the treated plants. Apterous peach aphids
were infrequently present on the volunteer potato plants, and they
were more frequent 6n nightshade plants. These inaggregate colonies
were found scattered on the lowest leaves of plants, even when these
leaves were heavily splattered and céked with silt. Syﬁptomatic
potato leafrqll virus was also observed in potato and tomato plants in-
a few'of £hese sﬁburban home gardens. |

Prunus spp. were invariably representeq at both rural and sub-

urban homesites. Prunus persicae L. cultivation was.predominantly

confined to the vicinity of the lake, though pgach trees were found at
all extremes of the study aréa. At no location within the Flathead
Valley were peach orchards observed. Peach trees at homesites and
within cherry orchards usually numbered less than 10, and these were

isolated. Inspection of about 50 peach trees in the community of
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'

Polson on the south end of the lake during the spring of 1978 dis=
closed aphids that had overwintered as eggs.l
Summer insect surveys in irrigated clover, alfalfa and clover--

containing hay pastures always revealed numerous aphids. Surveys of

‘wheat, oat and barley fields, also always showed aphids present,

thdugh fewer than in hay and alfalfa fields. Both irrigated hay and

grain fields were ubigquitous within the valley.

l0. G. Bain; 1978, Environmental Management Division, Montana
State Dept. of Agriculture, 1300 Cedar Ave., Helena, Montana 5960l.
Personal communication.




(1)

(2)

(3)

(4)

. (5)

(6)

(7)

(8)

(9)

CONCLUSIONS

The distribution of potato fields within the étudy a?eé is prir‘
marily'north‘central.

The distribution of peach trees within the'study area ié prédom—A
inatelylin the immediate vicinity of Flathead Lake though several'_
i;olated trees grow ét homesites'elsewhére in the Valley.~

The diétriBution of secéndary host plants of the aphid, Myzus
persicae, is ubiquitous within the valley during spring and sum-~
mer. |

Holocyclic populations of Myzus persicae overwinter in the study

area on peach trees.

Presently, Myzus persicae is not a widely abundant aphid within

the study area during spring.

The peak spring migratory period for aphids in the ;outh Flathead
Valley is mid and late June.

Spring aphid flights are directionally significant and appear to
be related to the prevaiiing winds.

The primary reservoir of éotato leafroll virus within the study
area is believed to be potato and tomato plaﬁts in home‘gardené.
Control of PLRV spread within the study area is dependeht upon
the distribution of source plants of the virus and the avail-

ability of. overwintering hosts for the most efficient vi;us-'

vector, Myzus persicae.
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‘Appendix A. Adjusted mean trap catches during each éfday‘intexvéi‘ SR
from each direction for all sites combined, calculated by’ '
the method of least-squares.

Mean Numbers of

_Interval (date) . Aphids Trapped _ a.b e‘d‘e-f g h

11’ 5.19 S a

5 4. 36 ab

3 . 3.82 abc

4 - | 282  cd

6 2.74 cde

9 2.60 cdef

7  2.28 . cde £fg

2 0.82 g h
1 0.1 ' ' n

At p = 0.01 for experimental error, values marked with a letter
in each column (a through h) are not significantly different. In each
column (a through h) values with a letter present are 51gn1f1cantly
different from other values in the column. :
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Appendix B.: Unadjusted aphld catches listed by 51te, date, dlrectlon
’ and 9-day interval

Interval Date Direction ) Total
north - east. south west ’

Trap Site I-1

May 17, 1977 0 0 0 0 0
5/20 0 1 0 0 1
1 . 5/25 0 0 1 0 1
2 6/2 0 2 0 0 2
6/7 0 1 2 1 4
3 6/10 0 2 5 0 7
6/22 1 4 2 0" 7
5 6/28 2 3 3 0 8
6 7/5 . 0. 0 2 1 3
7 7/13 0 0 1 0 1
9 7/28 0 2 3 2 7
11 '8/15 3 3 7 2 15
Total 6 18 26 6 56
Trap Site I-~-2 .
May 20, 1977 0 0 0 0 0’
1 5/25 0 0 1 0 -1
2 6/2 0 0 1 1 2
3 6/7 1 0 2 0 .3
6/22 3 5 6 10 24 .
5 6/28 1 0 4 1 6
6 7/6 0 0 5 3 8
7 7/13 4 0 3 2 9
9 7/28 3 4 7 2 16
11 8/16 12 4 10 9 35..
Total 24 13 39 28 104
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Inferval

Date

Direction R © Total
north east south west
Trap Site I-3 _
1 May 24, 1977 0 ) 0 0 0
-2 6/2 ’ . 0 -0 0 1 1
6/7 1 1 0] 1 3
3 6/9 1 1 0 1. 3
4 6/17" o 3 3. 3. 9
6/22 5 0 0 3 8
5 6/28 .2 1 . 2 2 7
6 7/6 0 0 3 3 6
7 7/13 0 1 0 2 3
9 7/28 8 3 (3) 7. 24
11 8/15 28 5 13. 21 67
Total | 45 15 27 - 44 131
Trap Site I-4

1 May 25, 1977 0 0 .0 "0 0
2 6/3 1 5 0 2 8
3 6/9 3 0 1 0 4
4 6/17 7 3 1 2 13
6 7/5 29 . 5 4 6 44
7 7/12 9 2 0 2 13
11 8/17 62 11 13 24 110

Total 111

26 19 36

192
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Appendix B'(continued)

Interval Date Direction . ] Total
north east south west

Trap Site II-1
May 20, 1977

0 0 0 0 0
1 5/24 1 0 0 1 2
2. . 6/2 0 "3 1 0 4
. 6/7 1 .8 -2 0 11
3 6/10 2 6 2 1 1t
5 6/28 14 12 11 10 47
6 7/6 1 0 1 7 9
7 7/12 1 1 1 2 5
9 ©7/29 5 11 7 5 28
11 8/15 11 31 5 1 48
Total 36 72 30 27 165
Trap Site II-2 - '
May 16, 1977 0 0 0 0 - 0
5/23 1 1 0 0 2
1 5/25 0 0 "0 0 0
2 6/3 2 1 0 0 3
3 6/9 5 2 2 2 11
4 6/17 3 3 3 1 10 .
6 7/5 7 5 6 6 - 24
7 7/12 6 2 1 2 11
9 7/29 5 6 1 6 18
11 8/19 15 12 1 2 30
Total 44 32 14 19 109
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Appendix B (continued)

Interval Date . Direction Total
north east south west

Trap Site III-1
May 20, 1977

: 0 0 0 0 0
1 5/24 0 1 0 0 1
2 6/2 0 0 0 1 b
3 6/7 10 5 2 2 19
6/22 18 10 11 5 44
5 6/28 2 0 5 13 20
6 7/6 1 2 2 3 '8
7 7/13 5 3 2 4 14
9 7/28 7 1 1 3 12
11 8/19 24 7 4 6 41
Total 67 29 27 37 160
"Trap Site III-2 }
May 11, 1977 0 0 0 0 0
5/21 0 0 0 1 1
1 5/24 0 0 ) 0 0
2 6/2 1 1., 1 0 3
, 3 6/7 10 1 0 2 13
] » 6/22 11 6 14 8 39
' 5 6/28 2 1 5 3 11
6 7/6 2 1 4 4 - 11
7 7/13 1 1 2 1. 5
9 7/28 0 -0 "0 0 0
11 8/16 12 14 16 18 50
Total 39 25 42 27 133
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Direction

Il

.Total

Interval Date
north east south west
Trap Site III-3 .
1 May 24, 1977 0 0 0 0. 0
2 6/2 2 "0 o 0 2
6/7 3 1 0 -2 6
3 6/10° 1 2 2 0 ‘5
6/25 11 4 7 4 < 26
5 6/28 1 - 1 1 5 8
6 7/5 0 2 5 4 11
7 7/13 2 1 1 1 5°
9 7/28 8 11 3 9 31
11 8/15 26 10 ) 17 59
Total 54 32 25 42 153
Trap Site III-4
1 May 25, 1977 0 0 0 0 0
2 6/3 2 2 0 2 6
3 6/9 4 1 2 0 7
5 6/22 9 5 4 4 22
6 /5 5 1 3 5 14
7 7/12 0 1 .0 2 3
9 7/28 3 9 9 5 26
11 8/17 19 9 5 12 45
Total 42 28 23 30 123
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"Appendix B (continued)

Interval Date - Direction

north _east south

‘Trap Site III-5

May 12, 1977
5/23 :
5/25

6/3

6/9:

6/22

7/5

7/12

7/28

8/17
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28.180

Appendix C. Aphid catches adjusted to 9-day 1ntervals and listed by
site and direction. .
Date Direction ) Total
(interval) north east south west
Site I-1
1 0. 000 1.125 1.125 0.000 : 2.250
2 0000 2.250 0.000 0.000  2.250
3 0.000 3.375 7.875 1.125 12.375
4 0.000 0.000 0.000 ~0.000° 0.000
5 1.500 3. 500 2,500 0.000 - 7.500
6 0.000 0.000 2.571 1.286 3.857
7 0.000 0.000 1.125 0.000 ©1.125
8 0.000 0.000 "0.000 0.000 . 0.000
-9 0.000 +1.200 1.800 1.200 . 4,200
_ 10 0.000 . 0.000 0.000 0.000 . 0.000
11 1.500 1.500 3.500 1.000. ~ 7.500
3.000 12.950 20.496 4.611 41.057
Site I-2
1 0.000 0.000 0.750 0.000 0.750
2 © 0.000 0.000 1.125 1.125 2.250
3 1.800 0.000 3.600 0.000 5.400 .
4 0.000 0.000 0.000 0.000 -0.000
5 1.714 2.143" 4.286 S 4.714 - 12.857
6 0.000 0.000 ‘5.625 3.375 © 9..000
7 5.143 0.000 3.857 2.571 11.571
8 0.000 0.000 0.000 0.000 0. 000
9 1.800 2.400 4.200 1.200 - 9.600
10 0.000 0.000 0.000 0.000 _ 0.000
11 5.684 1.895 4.737 4.263 16.579
16.141 6.438

17.249 68.007




Appendix ¢ (continued)

' Total

Date Direction
(interval) - north east south west
Site I-3
1 .0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 1.000 . 1.000
3 2.571 2.571 0.000 - 2.571 "7.714
4 0: 000 3.375 3.375 3.375 10.125
5 5.727 0.818 1.636 4.091 12.273
6 0.000 0.000 3.375 3.375 ' 6.750
7 0.000. 1.286 0.000 2.571 3.857
8 0.000° 0.000 0.000 - 0.000 0.000
9 " 4.800 1.800 3.600 4.200 14.400°
10 0.000 0.000 0.000 0.000 . 0. 000
1 14.000 2.500 6.500 - 10.500 33.500
27.099 12. 350 18.486 31.684 89.619
Site I~4 ‘
1 0. 000 0.000 0.000 0. 000 0.000 .
T2 1.000 5.000 0.000 2.000 8.000
3 4.500 0.000 1.500 0.000 6.000
4 7.875 3.375 1.125 2.350 14.625
5 0.000 0.000 0.000 0.000 0.000
6 14.500 2.500 2. 000 3.000 22.000
7 11.571 2.571 0.000 2.571 16.714
8 0.000 0.000 . 0.000 £ 0.000 | 0.000-
‘9 0.000 0.000 0.000 0.000 0.000
10 0.000 0. 000 0.000 0.000 0.000
11 15.500 2.750 3.250 6.000 27.500
54.946 16.196 7.875 15.821 -

94.839
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T ' Appégdix.éf(éontinued):'

bate - - ; B . Direction . . s, . "Total
(interval) north . east " south - west Co
. Site II-1 _ ,
I R 0.750 ~ 0.000 0. 000 - 0. 750 1.500.
2 0.000 3.000 . 1.000 .0.000 - 4.000 °
37 3.375 15. 750 . -4.500 - 1.125 . 24.750
4 '0.000 0.000 0.000 ~  0.000/ - 0.000°
5 . 7.000 © 6.000, . 5.500 - 5.000 -23.500
6 '1.125  © 0.000 . - 1.125 7.875 . 10.125
7 1.500 1.500 . 1.500 " 3.000 . 7.500
8 0.000 - 0.000 " "0.000 ' 0.000 - 0.000
9 2.647 5.824 3.706 2.647 14.824
10 0.000 . .0.000 * 0.000 0.000 0.000
11 5.824 - 16.412 ©2.647.. ©0.529 . 25,412 -
22.221 48.485 ¢ - 19.978 -20.926 111.610 -
. : . ,
Site II-2. N .
1 1.000 1.000 _ "0,000 .- .0.000 . . 2.000
2 2.000 ~1.000  0.000 .- 0.000: © 3.000
3 7.500 . 3.000 3.000 3.000. . 16.500
4 3.375 . 3.375 .- 3.375 . 1.125 11.250
5 0.000- .  0.000 0. 000 " 0.000 -~ 0.000
6 3.500 ' 2.500 3.000 3.000 12.000
7 7.714 - 2.571 1.286 °~ . 2.571 - 14.143
8 0.000 -~ 0.000 - 0.000. 0.000 °~ - - 0.000"
9 - 2.647 3.176 0.529 - 3,176 - 9.529
10 0.000 . 0.000 ‘0.000 .. 0.000 .0.000
11 6.429 . 5.143 0.429 0.857 ° *°° 12.857 -

34.165 21.766 11.619  13.730 81.279
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Date Direction . Total
(interval) north east south west
Site ITI-1
1 0.000 0.692 0.000 0.000 . 0.692
2 0.000 0.000 0.000 1.000 1.000
3 18.000 9. 000 3.600 7 3.600° 34.200
4 0.000 0.000 0.000 . 0.000 0..000
.5 8.571 4,286 6.857 7.714 27.429
6 1.125 2.250 2.250 3.375 9.000
7 6.429 3.857 2.571 5.143 18.000
8 0.000 . 0.000 0.000 0.000 0.000 .
9 4.200 0.600 0.600 1.800 7.200
10 0.000 0.000 0.000 0.000 0.000
11 9.818 2.864 - _1.636 2.455 16.773
48.143 23.549 17.515 25.087 114.294
Site ITI-2
1 0.000 0.000 0.000 0.692 0.692
2 1.000 1.000 1.000 0.000 3.000
3 18. 000 1.800 0.000 3.600 23.400
4 0. 000 0.000 ‘0.000 0.000 0.000
5 5.571 3.000 8.143 4.714 21.429
6 - '2.250 1.125 4.500 .4.500 12.375
7 1.286 1.286 2.571 1.286 6.429
8 0.000 0.000 0.000 0.000 0.000
9 0. 000 0. 000 0.000 0.000 10.000
10 0. 000 0.000 0.000 0.000 0.000
11 5.684 6.632 7.579 . 3.789 23.684
33.791 14.842 23.793 ' 18.582: 91.009
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Total

Date . Direction
(interval) north east south west -
Site III-~3-
1 0.000 0.000 0.000 0.000 0.000
2 2.000 0.000 0.000 0. 000 2.000
3 4.500 3.375 2.250 2.250 12,375
4 0.000 0.000 0.000 0.000 0.000
5 6.000 2.500 4,000 4.500 17.000
6 0.000 2.571 6.429 5.143 14.143
T 2.250 1.125 1.125 1.125 5.625
8 0.000 0.000 . 0.000 0.000 0.000
9 4.800 6.600 1.800 5.400 .18.600
10 0.000 0.000 0.000 0. 000 0.000
11 13.000 5,000 3.000 8. 500 29.500
32.550 21.171 - ' 18.604 26.918 99.243
Site III-4
1 0.000 0.000 0.000 0.000 0.000
2 2.000 2.000 0.000 2.000 6.000
3 6.000 1.500 3.000 0.000 10.500
4 0.000 0.000 0.000 0.000 . 0.000
5 6.231 3.462 2.769 2.769 15.231
6 3.462 0.692 2.077 3.462 9.692
7 0.000 1.286 0.000 2.571 3.857
8 0.000 0.000 0.000 0.000 0.000
9 1.688 5.063 5.063 2.813 14.625
10 0.000 0.000 0.000 0.000 0.000
‘ 11 8.550 4,050 2.250 . 5.400 20.250
27.930 18.052 15.159 19.015

80.155
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"’ Appendix C (continued)

Date Direction : Total

(interval) north east - south west
Site III-5 _
1 0.692 - 0.692 0.000 0.000 1.385
2 " 3.000 0.000 1.000 0.000 4.000
3 10. 500 1.500 1.500 1.500 15.000
4 0.000 0.000 0.000 0.000 0.000
5 4.846 7.615 2.077 2.077 16.615
6 4.154 0.000 0.692 6.923 11.769
7 5,143 - 1.286 1.286 3.857 11.571
8 0.000 0.000 0.000 0. 000 © 0.000
9 3.375 1.125 1.688 "1.688 7.875
10 ~0.000 0.000 - 0.000 0.000 . 0.000
11 5.850 4.500 - 1.350. 3.150 14.850
37.560 16.718 9.592 19.195 " 83.066

Summary (Totals for all sites)

1 2.442 3.510 . 1.875 1.442 9.269
2 11.000 14.250 4.125 7.125 36. 500
3 76.746 41.871 30.825 18.771 168.214
4 11.250 © 10.125 7.875 6.750 36.000
5 47.161 33.324 37.768 35.580 153.833
6 30.115 11.639 33.644 45,313 120.711
7 41.036 16.768 15.321 27.268 100.393
8 0.000 0.000 0.000 0.000 '+ 0.000
9 25.957 27.787 22.985 24,124 100.853
10 0.000 0.000 - 0.000 0.000 0.000
11 91.839 53,244 36.878 | 46.444 228.405

337.546 212.518 191.297 212.817 - 954.177




APPENDIX D - Potato Leafroll Virus

Distribution, Symptomology and Tissue Relations

Potato leafroll virus has a worldwide distribution wherever
potatoes are cultivated. Host plants of the virus are mainly confined
to the solanaceous family (Peters, CMI/AAB} 1970). Niéhtshade.(Solanum

nigrum L.), climbing nightshade (Solanum dulcamara'L.) and tomato

{(Lycopersicon esculentum Mill.) are the most important alternate hosts

of the virus (Dykstra, 1933) found in Montana. In some cases the night-
" shades acted as symptomless carriers of the virus, and occasionally

" tomato showed only slight stunting and outward expression of the infec-

tion (Dykstra, 1933). Other host plants not naturally occurring in

Montana are Amaranthus caudatus L. (tropical tassel-flower), Celosia

argentea L. (woolflower), Gomphrena globosa L. (globe amaranth) and

Nolana lanceolata Meirs (Peters, 1970). Williams (1957) has shown

the transmission of PLRV via the parasitic dodder plant, Cuscuta inclusa
(corymbosa Ruiz. and Pav,). There also has 5een a single report of a
graft transmission of the virus through a symptomless turnip (Brassicaé
sp.) to the President potato cultivar (Salaman et al., 1939). ?his
report has not been confirmed. Host plants of the family brassicaceae
are generally considered to be immune to PLRV (Helson and Norris, 1943). )
Primary leafroll symptoms, those expressed in the same éeason as |
transmission occur;ed, r;rely are observed because the minimum;incu¥

bation period of the virus in field-grown potatoes is about a month.‘
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However, undér dgreenhouse conditions, secohdary symétoms may dévélop
in the same season of infection because of £he artifically enhanced
growing conditions (Whitehead and Currie, 1930). Symptoms include the
upward rolling'of leaflets around the midrib, a stiff erect appearance
_to plaﬁts and an interveinal yellowing of the leaves with random dead
spots (necrosis). Infected plants néarly always show dwarfing and
appear palér than healthy stock. Lower leaves of thé'blént are always
rolled, though sometimes only slightly, and have a leathery, brittle
texture, frequently dying back from their tips. A slight reddish cast
along the upper leaf margins is sometimes obéerved. Current season
éymptoms include leafrolling and yeliowing (chlorosis) in the uppermost
leaves. These symptoms are - sometimes confused with a Rhizoctonia
fungal infection, but this disease produces brown lesions on the

potato stems. Leafroll infections produce no stem discolorations
(McKay eﬁ al., 1933).

Yields from diseased plants are significahtly reduced; and the.
tubers are few and clumped close to the stem (McKay et al., 1933).
Hérper-et al. (1975) have classified the symptoms of PLRV on the basis
of yield reduction. Slight symptoms producg 65% yield reduction,
'moderate symptoms 80% reduction, and severe symptoms about 92% yield
reduction. Infected tubers appear normal on.the surfacé, but some-
times show a network of brown gtrands of dead tissug originating from.

the stem~end when the tubers are cut opén (net necrosis) (Hodgson et al.,
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1974). Iﬂfected tubefslproducg long spindly sprouts even when net B
necrosis has not developed (Rich, 1968). -
Wébb et al. (1951,1952,1955) distinguished five strains of PLRV
and determined their relationships by differential-symptbm expression

on the common test plants, Datura strammonium L. (jimson weed) and

Physalis floridana Rydb. (groundcherry). P. floridana proved'diag—
nostic for even mild strains of the virus (Manzer et al., 1977).
Severity.of infection with these strains was correlated with the amount
of chlorosis and stunting exhibited by tgst plants. A Soufh Dakota
strain has appeared to be the most severe. Webb et al. (1952) also
.reported that potato infection with an avirulent strain of leafroll
virus protects plants from infection with a virulent strain. An
aphid-vectoxr of PLRV carrying both virulent and aviruléﬁt-stfains was
ablé to transmit the virulent strain as readily és an aphid carrying
only one strain (Harriso#, l958i.

As soon as PLRV-infected potato plants unfold their first leaves,
they respire at mﬁch higher rates than healthy plants (Whitehead,
1934). Water loss from these plants ié higher than normal, ini;ially,
but later an abnormal water balance develops from a reduction in the
number of functional stomata (Merkenschiager and Klinkowski, 1929). A
retardation of enzymatic activity in diseased tissue results in the
incomplete hydrolysis of starch to sugar and an overall accumulééion oﬁ

starch (Ruhland and Wetzel, 1933). Infected tubers contain fewer
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;uxins'thanZhealthy tubers (Sequeira, 19635. All thé-soluﬁle nit£ogén‘
fréctions of potato plants except ammonia and asparaginé are increased
by leafroll infections, bﬁt the 'interference of the.vi¥us with tuber
expanéion is not due to a shortage of normal translocates (ﬁcDonald,
1976). Nitrogen-treated plants infected with leafroll generally grow
healthier with less symptom expression and are'preférred by aphids for
feeding and colonizing (Kassanis, 1952). The addition of pétassium‘
nitrate to infected plants iﬁcreases their yigld slightly at 15°C in
the first year,'but the progeny of these plaﬁts are unéffected by the‘
treatment in the second year at either 15°C ér 20°C (Butler énd ﬁurray,
1932). |

Leafroll virus particles observed within the potato plant with the
electron microscope were restricted to the phloem cells (Kojima et al.,
1969). Because of this limited range of the virus withinifhe plant,
natural inhibitors of the virus in other plant tissues were found to be
ineffective in preventing infectioﬁ. This is also a réason for the
inability of the virus to be spread by mechanical inoculation (Bawden,
1955). The abhid vector inoculates the virus Qirectly into the‘phloem
cells where it‘feeds, bypassing the tissues where natural wvirus
inactivators reside.

The virus is‘inactivated when held at 70°C for 10 minutes. It
survives in extracted plant sap 4 days.at 2°C but only 12-24 hours at

25°C in aphid extracts (Peters, 1970). . The virus in infected tubers
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is inactivated after 20 days Qhen the tubers are held at 36°C or above,
bgt whole plants and. their tubers remain infected.after the same
treatment. This has been suggested as a treatment for seed stocks to
keep them free of the vi;us.(Kassanis, 1957).

The leafroll virus particles are more or less hexagonal isometric
particles of about 23 nanémeters in diameter (Peters, 1967) and contain
a doqble stranded DNA (éarkar, 1976). This éepafates the leafroll virus
from all other types of potato viruses and allies it more closely with
the 'caulimoviruses (Gibbs and Harrison, 1976) than with the lgteo—
viruses with which it was previously associated.

Sarkar (1975) has devised a routine diagnostic method for idgnti—
fying. the virus within a few houré by conéentrating the virus particles
from homogenates of sprouting potato tubers with'ultracentrifugation.
Caspér (1977) found that the roots of potato plants contain the highest
concentrations of potato leafroll virus ;nd are also-suitable as a
virus source for purification. He was able to prepare an antiserum
specific for PLRV that deteéted the virus particles by enzyme—iinked
immunosorbent assay (ELISA). In comparison to other viruses PLRV
attains very low titres in its hosts, even in the most suitable ones.

Transmission of PLRV through true seed (Dittmer, 1964) has not

been shown and is considered doubtful (Peters, 1970).
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PLRV Within Its Aphid Vector

The acquisition threshold time, or ﬁhé length 6f time an‘aphid
vector needs.to probe and to feed upon a PLRV~infected:source plant to
aéquire the virus, is generally less than one hqur (Kassanis, 1952).
However, Woodfdrd'(l973) has observed that Aon—viruliferoué vectors of
PLRV rarely acquired the virus when they fed for less £hap 2 ‘hours on
infecteé potato plants. Peters (1973) éugéested that the acquisition
time‘is better defined as not just the time when the virus was taken .
into the gut, "but when it starts circulating through the body from the
lumen." This was based on Ponsen's (1970) finding that trénsmigsion
efficiency of PLRV was increased by a starving periqd. The vector .
frequently retains its infectivity for 3-4 weeks or its entire life:
(ﬁécCarthy, 1954). The infecting power of the aphid isyretainéd_through
the molt of the insect (Elze, 1931). After being imbibed by the aphid
the virus passes from the alimentary canal to the_haemo}yhph and may.
be obseréed in the fat ceils and honedew of the insect with the eiectron
microscope (Ponsen, 1972). Thence it passes iﬂto the salivary glands
‘(Peters, 1973) from where it is trdnsmitted to suitable host plants
with the saliva of the phloem-feeding vector. ‘The virus is transmittéd
in a minimum of 2.5 minutes (transmission threshold time) aﬁd can be
acquired in a minimum of l.6\minutes of feeding time (acquisition
threshold time) (Leonard and Holbrook, 1978). With an electronic moni-—

toring s$ystem, EMS, these authors found a direct relationship between
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ﬁhe durgtioﬁ of the acqqisition feed and the‘probaﬁi}itf of the aphid
becoming - infective and bathogenic. The latent period bétweén imbibi-
tion and inoculation can be 6-12 hours (Day, 1955). There has been a
report of the ability of the virus to be transmitted without é iatent
period, and within an hour of a 30-minute acquisition feed (Kirk-
patrick and Ross, 19525.

Harrison (1958) .found that aphid vectors injected with extracts
of other aphids that were allowed long feeding periods on PLRV-
infééted source plants had a higher transﬁission efficiency,than‘aphiastl
injected with extracts of short-feeding-period viruliferous aphids.
Likewise, Peters (1973) found a marked increase in transmission ability
wi£h increased acquisition feeds sf aphids. Qotﬁ'authors,ldn thi§
evidence suggested that PLRV did not multiply within'its aphid vector.
Sugawaia et al. (1973) suggested that, because they found the virus
latent period increased as the injected virus dosageldecreased and be-
cause the virus concentration withiﬂ the aphid gfadually decreased
after leaving a source plant, no matter how iong the acquisitioh
feeding period, the virus only circulated and accumulated in thg blood
of the insect but did not multiply. Thgrefore, vector blood was respon-
sible for retention of inocuiativity. Théy.found that infgctivity was
dependent upon the dosage éf virus acqu?red.' Their atteﬁpts to‘main-
-tain virus inoculativity with serial passageé of viruiiferous aphid

extracts, or bloéd, to other aphids were unsuccessful.
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Cdptrariiy} Day (1955) reported that the.ability of the vector to
transmit PLRV was nqt proportional to the acquisition périod ana that‘
‘the frequency distributiop of the number of infections élotted against
Fhe duration of the inocglation—feed_folldwed an exponential curve.

He concluded that the virgs did multiply within the vector, thdugh £o.
Ca limitgd extent. . étegwee and Ponéen (1955) and Ponsen (1972) shéred

a similar vigw.. bbserving that the dilution end point. of theAhaemo—
1ymph of viruliferous aphids was 1O~4'f6r PLRV, they ;érried the‘virus
through 15 serial passages in whiéh the dilution of the yirus would

. have been diminiéhed to 10—21. The final recipient aphids of the virus .
were inféctive. They nggested.that the increase of virus concentra-
tionlwithin the vector wgs deéendent'uponithe.amount of insect’égestion}
and that.the démonstration of virus decrégse in cqncentration, per se,
could not be considered conclusive evidence against virﬁs'multipli—
cation within the vector. Limitations of detection techniqués fd;

'PLRV have inhibited thorough investigation of thié éopic. For'a.more
complete discuss#op the reader is referrgd to Peters.(1973).

Miyamoto and.MiyamOEO'(;966) were able‘to'showltransovgrial'pas—
sage of leafroll yirﬁs to a sméll percentage (about 1%) of Qecond gen-
eration nymphs. Infective .nymphs were'mo;e ffequently produced at low
.temperatures than at high onés. They found no correlation bgtween the
appearance of infective nymphs and the duration in which matefnal

aphids were reared on infected leaves. A secoﬁd‘attempt by the same
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authérs-to show transovariai péssagé at‘a lafer date failed (Mi;ymoto
and Miyamoto, 1971). A virus that passed easily thréugh other tissues
also was thought able to move into ovarial.tissﬁes (Black, 1959).
The passage of virus from oviparous aphids to .-their eggs has not been
reported. |

Table 7 shows the known aphid veétors of PLRV andlthosé species
identified from the Flathead‘Valley of nofthwestern Montana. éﬁbimag—
inal abterous gymphs have been found to £e the best vectors of PLRV,
Very young nymphs are the weakest vectors and adults aré intermediate

(Kirkpatrick and Ross, 1952). Adults are better vectors when they are

reared on infected plants (Kirkpatrick and Ross, 1952).

PLRV and Its Hosts in Relation to Their Environment

The environment influences the degree and expression of symptoms
and the rate; of virus spread (Schultz, 1923). Transmission is the
outcome of a sequential proeess: (1) acquisition. of virus by the vec-
tor, (2) survival 6f infecfivity during the assdciafion of virus and
vector, (3) inoculation Qf virus into planté, and (4) tﬁe initiatién
of infection (Gibbs and Harrison, 1976).. The environmént'influences.
the interaction of these factors.

Doncaster and Gregory (1948) found that the amount of PLRV inci-
dénce from sources mére distant thaﬂ an adjacent field was usually

slight compared to spread from plants already infected within ;he
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Table 7. Known aphid vectors of potato‘leafroll'virus

Acyrthosiphon solani Elze, 1927; Myzus pseudosolani Murphy and M'kay .

1929; Hille Ris Lambers, 1933; Myzus solani (Kaltenbach), 1843.
**Aphis fabae Scopoli, 1763. ‘
**Aphis nasturtii Kaltenbach, 1843; A. rhamni Loughane, 1943

**Macrosiphum euphorblae Gillette and Palmer, 1934.

Myzus ornatus Loughnane, 1939.

**Myzus persicae (Sulzer), 1776.

**Myzus humuli Heinze, 1960; Phorodon humuli Gillette and Palmer, 1934

Myzus ascalonicus Doncaster, ; Rhopalomyzus, Heinze, 1952.

Neomyzus circumflexus Smith, 1931; Myzus, Heinze, 1960.

Rhopalosiphoninus latyisiphon Roland, 1952.

Rhopalosiphoninus staphyleae Heinze, 1959; Hyzotdxoptera tulipaella,

1960

*J.S. Kennedy, M.F. Day, and V.F. Eastop. A Conspectus of Aphids as
Vectors of Plant Viruses. Commonwealth Agricultural Bureau, The
Eastern Press, Ltd., 1962. 1ll4pp.

**Species identified from the Flathead Valley of northwestern Montana
(Bain, O.G., 1977, Environmental Managemerit Division, Montana State
Dept. of Agriculture, 1300 Cedar Ave., Helena, Montana 59601) .

" field. Of primary importance in virus spread are alate aphrds that

“move through the crop early in the season..‘The static éopulatiqns of

aphids that develop are depehdent upon weather and crop conditionsi

Theloccurrence and distribution of PLRV and its vectors has no rela-

tionship te,temperature and precipitation’(Bishop, 1965). Bishep ’

tl965) found the highest incidence of PLRV occurring in fields adja- .
‘cent to suburban-urban areas. .No fields more than 5 miles (8 kin) from

towns had heavy PLRV-infected vector infestations. He suggested home
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gardens as the infection sourqe.of'the virus. The?eriSj"littie evi-
_dence that éotato viruses are carriéd be£ween crop seasons in.alferhate
hosts (besides'potato); at least in fhe north ﬁemperature climate"
(Bagnall, 1977). Flower and vegetable transblants imporp vector col-
onies. " Broadbent (1950,1965) found also tha£ most PLRV spread was by
alates and that at least ﬁalf of the 1éafroll'sprea& occurred early in
the seas&n before apterous populatiens built up. This‘éarly season
virus spread qccurred when aphids were few. Little virus spread was
. observed later in midseason when aphids were numerous (Heathéote and
Broadbent, 1961). Knutson and Bishop (1964) reported that twice as
many plants and four times as many tubers became infected wifh PLRV
before July 15 as afterwards in Idaho. - Infections from winged aphid
inoculations result in more partially infected potato hills than with
apterous aphid inocula£ions (Broadbent and Tinsley, 1951). Virus
‘infections spreading from.sources outside the crop occur a£ random in
fields and in a district where aphid vectors were notjnuméféqs, Clinch
et al. (1938) found it possible to maintaiﬁ potato stocks free from
viruses by moderate commercial isolation. Early harvesting of seed
plots has been recommended for the control of PLRV spread (Rich,
1968). Orienting fields away from wind sourcés likely to bring in
migrating aphids also has produced some control of disease spread

(Hodgson, 1974).
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Arenz and Hunnius (1959) found that the susceptibility-of potato
plants’ to leafroll 1nfect10n decreased as plants approached flowering
due to the change from the vegetative stage of growth to the reproduc-
tive phase. Occasionally, current season symptoms are produced from
inoculations before the middle of July, but post-July 15 inoculations
prodnce no symptoms in the first year (Knutson and Bishop, 1964). The
percentage of tubers hecoming infected decreases with the age at which
the plant.is inoculated. - Knutson and Bishop (1964) found that when
only one tuber from a hill was indexed for PLRV, 35% of the infected
tubers went undetected; in 3-7-tuber hills there was found an 18%.
greater frequency of infection in the largest tuber than in the‘remain—
ing tubers. Using larger tubers (116 gms plus) fot indexing increased
the Likelihood of leafroll detection. Five to 10 days after inocula-
tion of the potato plants, the virus can pass into some of‘the tubers
and 16 days after inoculation it can infect all the tubers within a
hill (Bradley and Ganong, 1953).

Young PLRV—infected plants are better inoculant for aphids than _
older plants with pronounced symptoms. The best inocula.are earth-
breaking, symptomless plants (Kassanis, 1952). Aphids feeding on 10Wef
leaves of flowering potato plants cause more infections than those
feeding on middle leaves or buds (Kirkpatrick and Ross, 1952).

The acquisition of a second virus by an aphidntectot does not

adverseiy affect its ability to transmit leafroll virus (MacKinnon,
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1961). MacKinnon (1961) sﬁgges.te'd also that not only should the spe-
cies of the ‘source plant upon which the aphid vector waé rearéd be
considered when comparing-the aphid's vector efficieﬁpy; but also.

whether of not this hpst was infected with other unrelated.viruses.

Potato Resistance to Virus and Vector

Potato leafroll infections in potato growing areas of the north-
eastern Uﬁited States have tended cdnsistently‘upward in the 1970s.
Slightly resistant potato cultivars like Katahdin and Kennebec haVé
shown ‘a gradual increase in their susceptibility to leafroll. . Natural
selection tends to produce reéistant cultivars émong plants. Iﬁ alter-
néte hosts, potato virﬁses are found to be naturally resisted and re-
jected (Bagnall, 1977). But crowded pure stands of modexatély‘resis—
tant crop vérieties are believed to be no more capable of resisting a
disease than.more susgeptible varieties in the mixed and scattered
conditiohs'oﬁ nature (ﬁolmes, 1955).

Resistanée to PLRV is of a general, non-specific £ype (Bagpall,
1977).. Several authors have reported high inoculation resistance to
. PLRV in some potato cultivars (Clark, 1963; Gregor, 1963; Webb ahé
Hougas; 1959). There is some resistance to virus in&rease and'SPread
in selected, or bred, cultivars already in use (Hamapn,.l96l). Im-
prqvemeﬂt qf existing resistance to PLRV has been.deMOnStratedlin

' diploid and tetraploid potato cultivars (Bagnail; 1977) .
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Huftéh’(l949), éfter observiné tﬁe differen£’éegrées'of pﬂloem
necrosis in potato cultivars'inoculatea with PLRv;,sﬁggested breeding
potato cultivaré hypersensitive to 1eaf£oll virus. No results were
cited.
On the potato cultivars Bintje, Katahdin, Kennebec, Kerr's Pink,

King Edward, Majestic, and Pentland Crown, reproductive rates of the

green peach aphid, Myzus persicae (Sulzer), are below observed iabora—
tor§ rates on other  cultivars (Mackauer and Way, 1976).. Most,abhid
resistant potato cultivars aré found from diploid and tetraploid potato
species, and their resistance varies with different aphid sﬁecies
(Radcliffe and Lauer, 1971a,1971b; Tingey and Plaisted, ;976). This
résistance is controlled by may genes and is of a non-specific type
(quer, 1274). .These resistént genotypes show little inﬁeraction with
envirommental factors in the field (Sams et al., 1975). While these -

. cultivars provide protection from éphid‘colonization and damage
(Biackman, 1976), it is difficult to cross them with commercially more

suitable potato cultivars and to pass on the resistant qualities (Séms

et al., 1977). Because Myzué persicae does not form dense aggregate
colonies on most of its hosts and because potato is no£ a preferred
"host for thé peach aphid, dfamatic alteration of the aphid.as a ﬁector‘
. can ‘be obtained by breeding only limited increases in potato resistant.

to the aphid.




" APPENDIX E -~ Mygzus gérsicae (Sulzer):
Vector Biology

Host Selection, Insecticides.and
Biological Control

Although Myzus persicae has been shown to bé the veétor of 50
different plant vifuses, its specificity'for different viruses has not
been satisfactorily explained (Smith, 1977). Adaption betwéen a virus
and an aphid is most 1i£ely when both share a common host plant, but
virus spread is less likely among the most favored, highlf specific
host plants of aphids than among less favored ones. Polyphagous
aphids tend to be better Veétors because they have many hosts and no
highly specific ones (Kennedy et al., 1962). Aphids apread viruses
among hosts they do not colonize (Heinze, 1959). Aphids with wide
host ranges, however, respond ﬁore to the physiological conditioné of.
the host than monophagous or oligophagous aphid species (kennedy et
al., 1962).

The selection of young.and aging leaves of suitable hosts occurs
" as an optomotor response to yellow by winged aphids (van Emden, 1969).
The stimuli for host selection by an aphid are received through the
stylets, after they have penetrated the substrate, rather thanlthrough
the antennae, ¥ostrum or tarsi (Wensler, 1962). Food quality affects
the larval development of the peach aphid, and the amount of sap
imbibed by the young nymphs Qaries markedly with the food's nutritive

value tHarrewijn and Noordink, 1971). The amount of food uptake by _
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' Myzus pérg}Cae has been positﬁvély co;rélafed,with the amino acid
.methionine and the total amidé conceht;atién in plan£:s;p (Mittier,
1970). The amount of amide in potatoes is closely affected by thé
type‘and ratéﬁof fértilization. Growth rate of the green peach aphid
has also been positively correlated to increased methionine titre in
plants (Blackman, 1976).

Phelan et al. (1976) showéd that aphids mechanically disrupted
from settled colonies oriented towards vertical objécts at ieast 75%
of the time; and that aphids dislodged by alarm pheromone showed a
decreased orientation toward vertical objects and an inCreasgd loco-
.motion rate: The condition of the colony affected dispersal to other
nearby plants by disrupted ihdividuals.

Four hundred and seventy-three secondary host plants of\giggg
_persicae have been identified in the Rocky Mountain reéion. Host
plants oécﬁrred most abundantly within the Families Apocynaceée,
Bigoniaceae, Caprifoliaceae, Compositae, Leguminosae, Malvaceae,
Myrtaceae, Rosaceae, Rutaceae, Scrophulariaceaé, Solanaceae and
Verbenaceae (Leonard and Walker, 1970). Heathcote (1962) found that
peach aphids deveioped,bettef on species of Brassicae (turnip.and
ﬁustard) than on beets, spinach and lettuce, and tﬁat the suitability
of these hosts changed With their maturity. Reproductive perférmance _
of the peach aphid changed as much as a factor of four on different‘
secondary hosts. Thé degreé of  adaptation Qf.an aphid'fo a plant is
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measured best by the aphid's ability to cqlogize all plaﬁt parts in.
different $£ages of development (Kennedy et ai., l950)f The build-up
of polyphagous aphid populations is influenced most by the species
of host plant and its condition, particularly if the host is an
unfavorable one for the aphid (van Emden and Way, 1973)."This is very
important in the population dynamics of the peach aphid because the
peach aphid has not been found to form dense aggregate populations on
most of its secondary hosts (Blackman, 1976).

Tropic biotypes of aphid populations'may arise from the prolohged
effect of changes in their life conditions (Shaposhnikov, 1961). These
aphid populations are not equivalent to each other in-their rglation—
ship to food plants (Muller, 1958). Trophic adaptions are considered
an initial stage in the formation of formé, but the freqﬁency with
which these adaptions occur-ﬁas been found to be dependent upon the
degree of selection pressure and the suitability of the hosts
(Shaposhnikov, 1961).

Insecticides are in common usage for the control of aphid popu-
lations and the viruses they spread. Carbofuran, Methamidophos, and
NRDC 143 (synthetic pyrethroid similar to Endosulfan) are relatively
new aphicides that have shown good experimental control of aphids
(Campbell and Finlayson, l97§). Granular systemic insecticides are
widely used because they are apbliéd to the soil and are absorbed by

plants over a long period (Close, 1967). Disulfonton and Phorate
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have beén shown té.significantly reduce aphid colonies AQd to inhibit
-the aphid's ability to colonize plants for at least 10 weeks (Matfhews,-
1970). Rizvi et al. (1976), in a one month study, found Phorate,
Aldicarb, and Disulfoton of relatively equal efficienc§ in reducing and

keeping down populations of Myzus persicae, and Bacon et al. (1976)

obtained the best inéecticide control of aphid populations! using -
Aldicarb in combination with Monitor foliar sprays. HoweVef, the latter
observed the‘Disulfoton granules with 1-3 aerial applications of
Disulfoton, Endosulfoton, Demeton, Oxydemetonmethyl, or Parathion fre-
quently gave no control.of peach aphid in and around potéto fields.
Wolfenbarger (1972) observed that foliar sprays were frequen#ly uﬁsﬁc—
cessful in cold weatﬁer. Sprays applied at teméeratures within the
thermal optimum of the peach aphid (13°-19°C) gave near 90% kil;s, but
at lO°é only 80% of the aphids were kilied, and at 7°C only a 67% kill
was obtained. |
Some pe;ch aphid popuiations from nearly all of 35 field sites in
Britain have shown degrees of resiséance to organophosphorﬁs inseéti-
cides (Devonshire and Needham, 1975; Devonshire et al., 1977; Sykes,

1977). Some of these are considered highly resistant. Dunn and

Kempton (1977) also observed a greenhouse 'strain' of‘MyZus persicae

that persisted when sprayed to run-off with Demeton-S-methyl. This
strain also was unaffected by a furrow application of Disulfoton

granules. These authors suggested that it was more feasible for
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resistant éphids to establish themselves in the fiéid from greenhouéeg
than by direct migration of alates. Organophosphorus—resistant aphid
populations (biotypesl) have shéwn a homogeneous morphology with'
respect to specific characters that make them distinct f;oﬁ "normal'
populations (Eastop and Russell, 1967). |

While insecticides reduce and control éphid populations, they do
not kill viruliferous aphids quickiy.enough to prevent the transmission
of potato leafroll virus (Till, 1971). Bacon et al. (1976) fouhé no
correlatién between the.populations of apterae that built—up on insec-
ticide treated plots an& the incidence of PLRV-infected plants and
tubers in tﬁe plots. They concluded that although infection witﬁ PLRV
was highest in years of grea;est aphid populations, its incidence
appeared to be correlated more with the numbers of winged aphids.
/Insecticides offered no protection from viruliferous alate ;PhidS} and
the futility of attempting to control PLRV on an individual field basis
wiéh insecticides was suggested. Resistant clones of aphids, iﬂ éen—
eral, are less fit than wild types, And natural selection. tends to -
elimingte them unless insecticides interfere with population inter-

actions (Baker, 1977).

l"Biotypes'are recognizable by biological function more than mor-
phology or karyotype" (Blackman, 1976), and they "are inherent in ‘the
aphids! way of 1ife" (Mackauer and Way, 1976).
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Mineral oil applications to érops provide at least a 50% reduction
in the transmission of non-persistent viruses (Simons et al., 1977).

Its action is effective - for 6 days during 150% leaf expansion and up to

~32°C. The oil accumulates over the anticlinal walls of the epidermal

cells (Simons and Beasley, 1977) where aphids normally initiate probes
(Bradley, 1963). The oil increases the aphid's pre-probing time and
inhibits the ingestion of sap. Vandérveken and Dﬁtrecq,(1970) found
transmission inhibited in all.cases where contact of the aphid stylets
and the oil was established.

Predators are found to be most important in controling peach!
aphids when they occur in high'numbers garly in the season before the
maximum rate of inc;ease is attained by aphid populétions (Blackman,
1976). ?he predator impact is most significant on potatoes. More
predators are found in potato fields adjacent to wooded-areas thaﬁ
elsewhere (van Emden, i969). Maximum mortality rates occur after
aphid populations reach their peék, when predators are numerous, but
predators are considered an unlikely cause of poéulatioh decline at
this time (Blackman, 1976).

Decreases in green peach aphid populations resulting from para-
sites and disease appear to be small (Blaekman,.l976). Aphidophagous'

fungi are active only near 80% relative humidity and emerge through the

insect's cuticle only when the relative humidity reaches 90% at night
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{(Rockwood, 1950). Fpngicides have ﬁeen shown to reéuce‘the numbers of
diseasea aphids in test plots, and there.is evidénce that th;y protect
aphids from infection by enfomogenous fungi kNanne and Radcliffe,
19715. Of 30 parasites studied by Mackauer and Way (1976), none were
specific to peach aphids or preferred .them over other species. Econom;
icélly acceptébie biological control of'the green peach aphid by
enhancing natural enemies is not feasible after the ;phid has regched

the potato crop (Mackauer and Way, 1976).

Population Biology

DeLoach (1974) (Fig. 7) established some of the populatidn.growth
pafameters for the green peach aphid, and these are comparable to the
findings of Weed (1927) (Table 8). Deloach found the aphid's maximum
rate of increase was 1.32 per day at 25°C. At this rate,'poéulations
doubled in 2.5 days. Peak net reproduction? (Ro) was attained at 20°C,
at which temperature the aphid populations increased a maximum of 29
times per generation. For all the species he studied, mortality was
greater when the populations wére youngd. - Whitehead (1931) found the

speed of nymphal developmeﬁt of Myzus persicae increased with:increas-

ing temperatures from 10° to 29°C. Body length and width increased
slightly in successive generations reared at 10°C, and fecundity was

highest at 25°C.
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Table 8.

Metamorphosis, reproduction and longevity in apterous forms of Myzus persicae
(Sulz.) as influenced by temperature and humidity (reproduced by permission of
the Entomological Society of America from the Journal of Economic Entomology,

Volqme 20, p.

156, 1927).
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Chamberg =
hst

b 10° 16
60,

11 lf) - 22
65

IIr2 ’(1)°- 138

1v 24" 67
759

v 28° 8
85%

Chambcr Indi-

1 10°-60%

II 16°-65%
I 21°-70%
IV 24°-75%
V 28°-85%

Hours between
birth and 1st molt

Max. Min. Aver.

162 . 48 126.00
96 48 75.27
72 24 4744
72 24 39.04
43 24 36.00

Actual reproduct.
Period in days

Hours between
Ist and 2nd melts
Max. Min. Aver.

144 . 96 120.00
96 48  67.63
72 24 4021
72 24 38.33
48 48 4800

viduaals Avcr. Max. Min. period

Hours between
2nd and 3rd molts
Max. Min. Aver.

144 120 126.00
120 48 60.00
72 24 48.34
72 24 34.03
48 24 36.00

METAMORPHOSIS

Hours between
3rd and 4th molts

Max. Min. Aver,

168 120 120.00
120 48  70.90
72 24 5496
72 24 4442
72. 48  54.00

Hours between
birth and matuntv
Max. Min. Aver.

624 4356  501.00
360 192 273.80
240 ~ 144 199.95
192 - 120 133.82
192 168 174.00

REPRODUCTION AND LONGEVITY
Young produced daily

Averuge based on
Reproductive Adult Max. Min. Aver. Max. Min.

longevity
17 1.79 1.45 5
15 -2.62 1.88 8
10 3.23 1 56° 10
12 3.72 3.00 10
5 3.07 1.95 B

Total

o bk ot et ot

215 - 37

4525 57 36 21.66 26
53.83 83 16 12,10 15
57.11 85 18 838 10
59.62 75 40 6.23 8 3
6 7.33 8 7

Nymphal

Leng:h of instarg

n hours
Max Min. Aver,
192 . 48  125.25

120 48 ° 6845
72 24 4998
72 24 3895
72 214 4350

Longevity in days
Adult

. u
Aver, Max. Min. Aver. Max. Min.
19 3125 41 26
8 2850 41 19
6 2228 41 11

19.87 30 13
1050 14 8

Hours between
maturity and prod.
of 1st nymphs
Max. Min. Aver.

114 48 86.40
72 12 34.66
72 12 27.15
48 12 22.00
48 12 24.00
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Ip:comparison to'soﬁe of.ité secondary—host—reiated‘specigs; apter- -
ous popula£ions,of the peach aphid have a faster rate Qf increase
betweeﬁ 5° and 15°C, and are the only po@ulations that are able to
increase at 5°C (DeLoach, 1974). This is evidenced by Figﬁre 8 which

shows the developmental rates of Myzus persicae and Macrosiphum

euphorbiae Thomas by temperature regime. M. euEhorbiée infestations'
‘are frequently associated with peach aphid infestations, and thé latter
are eﬁhanced by slight infestations‘of the former (Duncan and éouture,
1957). M. euphorbiae out-pefforms M. persicae'on potatoes (Mackauer
‘and Way, 1976) eveh though its immature mortality fates arebhigher and
its apterous fecundity rates are lower than the peach aphid (Baflow,
1962). Barlow (1962) also sﬂowed thgt populations of M. euphorbiae
produced 70% alates while M. persicae only produced 1%.

Poor light (°2800 lux) has been shown to reduce the fecundity ofil
the peach .aphid, and photoperiod appéars-to have no genefal effect on
population growth, though it has comélex interactions with other faétors
(Wyatt and Bfqu, 1977); Fluctuating temberatures'increése thg-rgte of"
aphid developmént'ovér the rates observed from constaht—temperature
rearing in the laboratory (Siddiqui et al., 1975). Bishop (1965) found
that peach aphids developed best at high temperatures on shéded, heavy
~vine growth, ;nd that populations-developed rapialy on gxposed potato
.vines during cloudy weather. ﬁain ;nd hard winds can diminish peach

aphid populations 50% on potatoes (Shands et al., 1956). Cool
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conditioné'produced by local weather variétions,'iﬁcrgased elevéfioh or
increased latitude decrease aphid infestations and delay their appréach»
to peak densities (Fisken, 1959).

Hurst (1965) found wet winters and springs associated Witﬂ light
virus incidence. Prediétions of virus incidence based on local weather
records have not been very useful and require consisteht.records of
aphid,populationf-dynamics over a long period (Watson et al., 1975).

Data from 10 countires between the norgh 1a£itudes of 37° and 56°
indicate that the‘stadialof the peach aphid are functions of a constant
number of day-degrees (ﬁlackman, 1976). Its intrinsic rate of increase
is determined by a method outlined by DeLoach (1974). The predictive
model method he used provides a ﬁasis for defining regulatory factors
for populations in the field. Mortality is determined by measuring the
difference between two field observations of .increase rates. Though
found to be valid betwegn 10° and 25°C, the model is more accurate at
low temperatures.

Davies and Landis (1951) studied the biology of the peach aphid in
Washington on peach trees. They observed the hatching 6f'fupdatri-
geniae in the last two weeks of.February or the firgt two weeks of
March. In the Flathead Valley this daté appears to be"délayed about
two weeks. In Washington the stem mother developed in about 29 days
and had a one to two month longevityf Its reproductive period lgsted‘

an average of 19 days during which it produced an average of 4 young

—
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per d?y, Each géﬁéfation developed faster fhan the:prgcediné bne from
the egg to the seventh generation. Wiﬁged!spring‘migrants were ﬁro—
duced in the third generation, and one surviving aphid represenfed 400
winged aphids in the third generation.

Shaposhnikov (1959) stated, "In obligate heteroecious and obli-
"gate diaéausing species a firmly established number of sp;ing gener-
ationé predetermines'(irrespective 6f environmental factors) the onset
of migrations . . ." He suggested migrants és specialized fo?ms
‘ incapable of feeding and multiplying on their.priméry host under any
chdition; Méckauer énd,Way (1976) affirmed that winged ‘viviparous

peaéh aphids from secondary hosts and winged fundatrigeniae from

peaches were unable to reproduce on Prunus persicae L.

Female fall migrants (gynoparae) of Myzus persicae attempt to

colonize a wide variety of primary hosts, but seldom are successful

except on Prunus persicae and P. nigra L.']Van Emden, 1969). Eveﬁ
overwintering on other species of prunus seldém is éuccessful because
the progeny of stem mothers develop poorly except on peach and apricot
(Palmer, 1052). |

BEradication oé aph%d overwintering'hésts has helped to contro;
potato virug spréad (Steinpauer and Steinme£z(_1945).- Powell éﬁd
Mondor (1976) obtained a 60% reduction in May-June peach aphid popu-
lations with an alternatiné insecticide spray brogram on peach trees

eveiy two years for two years' duration.  After two years of spraying,
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lthey'ébtain a 3;11% réductiéﬁ in tuber net necfosis froﬁ indexéd fiélds
and observed a 10-43% reduction in chronic leafroll incidencé.

In Washington, the first winged gynoparae arrived to peach4trees
in mid and late September and deposited oviparous nymphs that matured
and began eggldeposition by mid October. Arrivél of winggd malés was
synchronized with maturation of ovipérae. Oviparae developed on
leaves, then moved onto twigs to mate (Tamaki et al., 1967). Males
were attracted by the sex attractants of the oviparae rather than by
the host plant (Kennedy et al., 1959). The ovipa;ae are unable to feed
or develop on peach‘after it becomes doxrmant (Ward, 1934).i Oviparae
reaching maturity lay 4—13 eégs.

In warm weather, overwintering aphid eggs have similar sur&ival
rates on both exposed and p;Qtected egg sites. However, in'very cold
weather more eggs die in protected locations than in exposed ones
because soil and vegetation at protected sites remain frozén’longer
(Lewis and Siddorn,  1972).

Remigration to the prima;y host is stimulated by autumn decreases
in photoperiod and lowering temperaturé (Shaposhnikév; 1959). ‘Daiber
and Scholl (1959) foqnd the critical photoperiod for the production of
peach éphid sexuales was greater than 11.3 hours and could be replaced
by a critical temperature of about i8°C. In France, a 12.5 to l4—hour
photoperiod triggered préduction of gynoparée,_and 12.5-13.5 hours of

"daylight stimulated male production (Bonnemaison, 1951). Blackman
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(1975) produced alates and males in the f2 generation :and ovipépge in
the f3 generation by exposing the paréntal ggneration to al10—hour
photoperiod at 20°C from their fourth instar period inwards_ Pre-
viously, the parents were under a i6—hour daylength. Intercional

variation in photoperiodic response was cited (Blackman, 1971).

Myzus persicae frequently survives mild winters in the apterous

éondition if the mean femperature in ‘the fhree coldest months exceeds
4°C (van Emden, 1969). These anholocyclic population; retain. their -
ability to produce sexuales even in conditiqns where holocycly is
impossible (Scholl and Daiber, 1958). Scholl and Daiber (1958) also
found that in warm temperate and tropical climates, where photoperiod
did not induce sexual production, sexuales occasionally wére produced

at higher altitudes despite long photoperiods,

In eastern Washington, overwintering of the green peach aphid is

mainly holocyclic, but anholocycly has been reported (Davies and
Landis, 1951). Colorado has reported holocyclic overwiptering (Berry

and Simpson, 1967). In Idaho, only holocycly has been fbuhd, but in_
| Minnesota and Manitoba{ Canada, little or no outdoor overwintering

occurs, and infestations of Myzus persicae are thought to occur from

migrants from farther - south (Mackauer and Way, 1976). Both holocycly
and anholocycly were found occurring in California with holocycly
more prevalent in northern regions of the state. Anholocycly was

reported in sheltered situations in—British Columbia, Canada, while
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holocyciy predominated in the colder iﬁtériér of ﬁhe province (Wright
et al., 1970).' Oklahoma populations are-mainly anholocyglic (Waltoh,
1954). Anholocyclic populations in Arizona show year-round flight
activity (céudriet and Tuttle, 1963).

Mackauer and Way (1976) have discussed the occurrence of andro-
cyclic populations of'green peach aphid populations that are pre-
domihantly anholocyclic but produce males feebly. This trait has been
suggested as recessive to holocycly and heritable (Blackman; ;972)

(Fig. 9). These clones produce males nearly three times more effi-
ciently on the brassicaes as on potatoes. This trait was also found in’
association with the fragmentation of one or two chromosomes of the
normal complement (Blackman, 1976). A reciprocal translocation between-

two autosomes, associated with organophosphorus resistance to insecti-

3 3 . ’ 4 .
cides, was found as the chromosomal variant of androcyclic clones in

greenhouges. A similar, or identical translocation hete?ozygote has
been reported from Japan in holocylic populations (Blackman, 197é).
Because tﬂe green peach aphid is féebly adapted to most of its
secondary hosts, it is very sugceptible to' the phyéiological differ-
ences in these hosfs.’ Whether trophic or othefwise, contrql measures
exert pressure for génetic change and control is best when it gdﬁ—
siders both the manifested and the éotential genetic flexibility of
the aphid. Biotypic variants are naturally resi;@ed in the?absence of

any control measures. Successful artificial control of the peach aphid
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Figure 9. Maintenance of life-cycle variation in Myzus persicae through three seasons.
Androcyclic clones are generated afresh by the breeding system each year,
even after a severe winter when parthenogenetic morphs outdoors are elimi-

nated (reproduced by permission of the Cambridge University Press as
publishers of Studies in Biological Control edited by V. L. DeLucchi).
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like natural controls, is dependent upon no single cause of mortality

but several integrated ones (Kennedy et al., 1962; Blackman, 1976;

Mackauer and Way, 1976; Baker, 1977).

Flight Ecology

Migratory flight has not been found to be concomitan£ with the
alate condition (Dry and Téylor, 1970). Fliéht ability varies within
and between populations and among different éges of alates (Johnson,
1976). Aphids are considered more 'normaily"aptérous‘(wi£h wing rudi-
ments), and the alate condition represents a diversion from this basic
form (Applebaum et al., 1975).

Juvenile hormone has no apbarent effect on apterous production in
the green peach aphid (Applebaum et al., i975). Thymidine is highly
significant fér wing determihation in the aphid (Raccah et al., 1973);

Woodford and Lerman (1974) noted eight inclusive morphologicai

characters that separated spring migrants of the peach aphid prodﬁced

" on primary hosts from those produced by anholocyclic populations. The

" latter migrants are found present earlier in the season than hqlocyclic

spring migrants (Howell, 1973). 'Spring migrants from primary hosts.
remain flight-worthy longer than alates prodiuced on secondary hosts, '
however, and they require longer flight times before settling (Woodford,

1968). Imnitial virus infections in potatoes result from spring

migrants and subsequent spread is usually from within crops or from
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adjacent fields (Bradley and Rideout; 1953; Lamb and Close, 1961).

Trapping programs detect these migrants before they‘reéch crops

~

(Taylor, 1973). Because Myzus persicae is found to be a widely dis-

persing species, only a few traps are required to evaluéte dispersal
‘ patterns over wide ranges (Blackman, 1976). Fields adjacent to peach
orchards are infested earlier in the season with higher numbers of
peach aphids, and these are-trapped at crop level (Davies ana Landisn
1951). High positive correlations between trap catches of Myzus
persicae and the incidence éf PLRV in potatoes have been reported
(Hollings, 1955).

Taylor (1965) differentiéted two types of aphid flights; phase I
flights-in which aphids are not atéracted tq.plahts.and initialiy fly
at great heights (up to 1500 meters), and phase II flights in wyich
aphids fly near to or within:the boundary 1ayer,<alight on plants, |
deposit nymphs aﬁd usually fly again. Phase I flights are more numer-
ous among spring migraﬂts. Generally, most migration £akq§ place in
windy weather (dohnson, 1954). However, in wind speeds greafer than
1.5 miles per hour (2.5 km/hr), flights are largely uncontroiled
(Swenson, 1968).

Atmoépheric mixing governed by temperéture lapse rates that
affect the size‘and patterning df convection currents over Vegetatipn
govern aphid dispersal. Atmospheric temperatufe gradients fluétuate-by,

diurnal and seasonal cycles. These are correlated with vertical
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gradients of aphid distribution (Johﬁson, i957). The.minimum'temper—
ature for aphid flight was found by Swenson (1968) to be 15;5°C. Thé
timing of migrations and the survival of aphids betweeﬁ"them is detgr-
mined mostly by the weather (Taylor, 1977): Taylor (197§f élso(féund'
mortality during host finding was-%rom hundreds to thousands of indif

viduals per one success, but resource finding by Myzus persicae is

considered very efficient in comparison to most other species.

Woodford (1973) found that Myzus persicae was flightworthy and

active for 4-5 days even though it had settled on a suitable host

plant. Johnson (1976) reported that prolonged flights occurréd early
"in adult life and were subsequently shorter with age. He also

observed that flight muscles histolyzed in a day or two after the firét.
‘flight, but that flight ability could be prolqnged for two weeks in
darkness.. This indicated that longer flight ability oécurred'under
cloudy‘conditiohs. In finding that most traéped aphids were making

their first flight, Johnson (1956) suggested that most aphid flights -

- were limited in duration, too. Cockbain et al. (1963) observed that

initial flights of about 2 hours induced settling in the peach aphid.
Though flight take-off is inhibited in light below 100 footcandles
(Broadbent, 1549), aphids appear to remain in the air when warm tem-
peratures prevail (Berry and Taylor, 1968). Nighttime temperature
inversions keep aphids aloft (Berry and Taylor, 1968). Aphids have

been blown hundreds of miles over mountains and across seas at high
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altitudes (Johnsqn,.l957). Dickson and Laird (1959).6bserved popula—i
fions of alates drifting 6ver arid areas nearly lbO miles (about
150 km) from their breeding sites.

The principcal ﬁgdes of aphid dispersal and migration were listéd
by Taylor (1965) as: (l) directed boundary layer flight, (2) strati-
form drift, (3) cumulifo;m drift, and (4) jet stream transpo;t. Visual
cues orient alates upwind and determine their regulatory reactions to
wind. Optomotor responses are most operative within the boundary layer
(Kenn?dy and Thomas, 1974). The number-of landings and reitaﬁe—offs
is determined‘by the climate within the boundary -layer and the suit-
ability of host piants landed'upon (ﬁlackman,.l976).

The peak f£light period for summer dispetsal flights of Myzus
persicae is July 25 through'August 14 in New York (Tingey and ‘
van de Klashorst, 1976). Sumhér Aispersal.within the Flathééd Valley
of Montana is comparable. This emigrétion is a steady departure of a
few individuals from secondary host plants from right before the peak
density period until the end of the season (Blackman, 1976). Spatial
patterns df flights are consistent from year to year within regions
despite fluctuations in total numbers. And these distributions and
their changes have more bearing on the contrél of the‘peach aphia
than the numberlof-dispersing aphids (Taylor, 1977).

Lewis ‘;970) observed insects being deposited by the wina leeward

of a windbreak of tall trees. The deposition was enhanced by direct
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incident winds. Two to elght tlmes the numbers of small bodled

( 2 mm2 body area) 1nsects were dep051ted to the leeward side of the

break thaa to the windward side. He suggested that this depoéition
was due to the calm recirculation area ieeward. Lewis-and Dibley
(1970) found that recirculation currents tended to move toware a
barrier leeward near the ground and away from the barrie?lleewafd'near'

the shear layer. Insect deposition in the recirculation area‘by the

wind depended upon gusts of wind blowing insects into and out of the

area. Bowden and Dean .(1977), however, found thaf the floristic diver-
sity of the areas adjacent to windbreaks was predominantly responsible

for the distribution of flying insects near to them.
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APPENDIX F - Two Transmission Experiments with PLRV.

In this appendix are given the data for two transmission experi-
ments of potato leafroll virus in Russett potatoes transmitted to

Physalis floridana Rydb. (ground-cherry) via apterous last instar

~nymphs and adults, and adult alate Myzus Egréicae. Both aphid morphs

were takeﬁ from a single glasshouse clone reared on PLRV-infected

Russett potatoes maintained at 15°C to 30°C in a glasshouse éxposed‘té

the prevailing autumn and winter photopériods at Bozeman, Méntané

(45° 40'N Lat., 111° 00'W Long.). Indicator plants (E:‘floridana) were
i

grown from seed in artificial soil' (sand, peat, perlite; 1:1:1) in a

growth chamber maintained at 20°C to 25°C daytime temperature and 17°

to 20°C nighttime temperature. Air moisture in the chamber was kept

at 70% to 85% relative humidity. Photéperiod was kept at 16.hours of
light and 8 hours of total darkness for all indicator plants until
transmission tests were completed, then the plants were removed tb a
glasshouse room to await symétom expression. Conditions of symptom
expression were similar to ﬁhosé of the aphid colonies rea?ed on
potatoes. Symptoms were read according to those described by
Kirkpatrick (1948).

For the first experiment (Table 9) apterous peach éphids were

transferred to indicator plants at the 2-4 leaf stage of development

in the growth chamber. Three transmission times, or inoculation feed-

ing times of 15 minutes, 30 minutes and 60 minutes were uééd. For the
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15-minute §eries transmission times were measured ffoﬁ_the time each
~§phidfg.rostrum contacted a leaf unéil 15 minutes of'céntihuous éqﬁtact
had elapsed,‘or'until the time of contact between rostrum and leaf.
totaled 30 minutes. For the 30-minute and 60-minute transmission
series, transmission times wére measured for a 30 minute and a 60 miﬁ—
ute continuous contact bétwéen-ros£rum an& leéf, reséectively, or
until the contact times totaled 2 hours.

In the second experiment (Table 10), newly emerged winéed peach
.aphids were caged on 2-4 1eéf stage indicator plants (P. floridana)
within the growth chamber‘for 24~hour intervals throughout their entire
lives; .InQicatqr plants were removed and replaced at 244h§ﬁr inter-

. véls. Removed plants were placed in a glasshouse for pLRV symptom -
expression. Inoculaﬁioﬁ feeding times for‘this experiment were not
measured although all aphids were observed in feeding pqﬁtqre on
plants during each 24-hour interval tested.

At p = 0.01 for experimental error, the observed transmission'fre—
quencies of 0.20, 0.44 and 0.36 for the‘lS—, 30--and 60-minute inocu~
lation feeds, respectively, were not'significantly different ffoh the
overall frequency of transmission of 0.33 for 75 trials; And at
p = 0.01 for experimental-éfror, the observed frequency of transmis-
sion for eighty 24-hour intervals of adult life forAwinged peach aphids
was 0.44. This was not significantly‘diffefént from the observed fre-

quency .of transmission occurring within the first seven 24-hour
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Table 9. PLRV transmissivity by apteroﬁs Myzus persicae using -
- inoculation feeding ‘times of 15, 30 and 60 minutes-

. Inoculation Feeding Time
15 minutes 30 minutes 60 minutes

#
Indicator
Plant
Infections
Per

25 Trials

Transmission

0. 20. 0.44 0.36 Total = 25/75 = 0.33
Frequency . . .

Table 10. PLRV transmissivity by adult alate gyzus persicae

throughout the aphid's life.

I IT 111 v \4 Vi ' VII VIII IX

# 24-hour . .
Intervals 16 12 1 20* 6 4 16 1 6
In Life

# Indicator

Plant Infections 4 7 0 8 3 2 .9 o - 2
Per 24-hour

Intevals

Transmission frequency during first 7 intervals =.24/46 = 0.52

Transmission frequency dﬁring remaining intervals = 11/34 = 0.32

‘Transmission frequency during all intervals = 35/80 = 0.44

*Two of these interval readings were discarded due to the possibility
of contamination. ’ :
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intervals or the remaining 24-hour intervals 6f the aphids' lives. All

infections occurred at random and were independent of one another.

The average longevity observed for adult alate~Myzus persiéae‘was
9.1 days. Nymph deposition by thesg adults occurred in more than -half

of the 24~hour intervals of the experiment..
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