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Abstract

The management of beet leafhoppers (BLHSs) is important for disease control
since BLHs can vector important plant pathogens such as curly top viruses and
phytoplasmas in southern Idaho. Historical data for southern Idaho suggests that
BLHs need approximately 130 growing degree days (GDDs; 12.8°C base) to
initiate dispersal and around 382 GDDs until they reach peak dispersal. A re-
cent study in southern Idaho identified large peak dispersal events of BLHs on
19 May 2020 and 2 June 2021 in Elmore County near Mt. Home, ID. Historically,
BLHs have been thought to originate from local areas. However, based on GDDs
and dispersal numbers under optimal conditions for Mt. Home, the BLHs likely
did not originate from local areas. Data for wind and pine pollen dispersal com-
bined with GDDs for areas known to contain BLHs suggest that the BLHs could
have originated outside the local area and possibly up to 142 to 515 km away.
At least five conditions appear to be necessary for observation of BLH disper-
sal into southern Idaho: a wind event must occur (35 km/h average hourly wind
speed), dispersal temperature threshold (16 to 18°C) must be met, >130 GDDs
must be accumulated to initiate dispersal, daily peak temperatures should reach
24°C, and attractive BLH vegetation such as Russian thistle must be present.
Combining wind event forecasts with temperature parameters in the future may

make it possible to provide targeted timely insecticide sprays for BLH control.
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The management of beet leafhoppers (BLHs; Circulifer tenellus Baker, synonym
Neoaliturus tenellus; Hemiptera: Cicadellidae) is important for disease control since
BLHs can vector important plant pathogens such as curly top viruses and phytoplas-
mas in southern Idaho (Strausbaugh et al. 2024a). The BLH can feed on hundreds of
plant species, many of which can also become infected with the beet curly top virus
(BCTV) (Bennett 1971; Strausbaugh et al. 2024b). Curly top has been one of the pri-
mary yield-limiting diseases in sugar beets, tomatoes, peppers, and common beans in the
western United States, while BLHs carrying phytoplasmas can cause serious concerns for
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vegetables such as potato and stone fruit production (Bennett
1971; Cooper et al. 2023; Harper et al. 2023; Melgarejo et al.
2024; Munyaneza et al. 2008; Rojas et al. 2018; Strausbaugh
et al. 2017). Disease management for BCTV centers around dis-
ease resistance and the use of insecticides to control the BLH
vector (Rojas et al. 2018). However, in crops such as sugar beet,
host resistance is only intermediate at best, and the neonicotinoid
seed treatments used to supplement the host resistance have both
environmental and regulatory concerns (Panella et al. 2014; Rojas
etal. 2018; Strausbaugh et al. 2017, 2024a). Thus, host resistance
needs to be improved, alternative control measures are needed,
and our understanding of vector movements could be improved.

There are typically three generations of BLHs in southern
Idaho (Cook 1967; Douglass et al. 1946). The female BLHs are
fertilized in the fall and survive on winter annual weeds until
egg laying begins in March (Douglass et al. 1946). The average
duration of the egg stage can range from 5.5 days at 37.8°C to
43.8 days at 15.6°C, while the nymphal stage can take from
13.0 days at 35°C to 75.4 days at 18.3°C (Harries and Douglass
1948). Thus, the first adult generation appears in May or June,
with the adults of the second generation appearing in July and
early August. The adults of the third generation (overwintering
generation) appear in September or October. To determine when
the first generation would appear, researchers determined that
650 growing degree days (GDDs) would be necessary under
controlled conditions when using a base of 14°C and a cutoff of
35°C (Harries and Douglass 1948). However, this number based
on continuous temperature proved to be inadequate since the
GDD summations leading to spring movement in southern Idaho
were rarely more than half this amount (Harries and Douglass
1948). Thus, we chose to use numbers based on historical data
for both BLH movement and climate summaries to establish
GDD numbers to improve our understanding of BLH dispersal
of the first generation. Therefore, this short communication
was written to tie together BLH dispersal, weather data, pollen
dispersal, and recently published data on BLH populations and
feeding (Strausbaugh et al. 2024a, b).

Continuous BLH dispersal into crops over the field season can
be expected in southern Idaho once BLHs are established in an

area based on historical studies (Douglass et al. 1946). In Elmore
County near Mt. Home, ID, the same continuous dispersal was
observed in a recent study (Strausbaugh et al. 2024a). However,
the dispersal was initiated by two large events (19 May 2020 =
Week 5, and 2 June 2021 = Week 7) at the sagebrush steppe site
in two consecutive years (Fig. 1) when conditions for local pop-
ulation development in Elmore County were suboptimal. Under
optimal conditions for population development later in the sea-
son, the peak dispersals in Elmore County collected on yellow
sticky cards in 1 week ranged from 58 to 69 BLHs (4 August to
1 September) at sagebrush steppe sites, 55 to 69 BLHs (4 August)
at sugar beet sites, and 24 to 54 BLHs (23 June to 14 July) at dry
bean sites (Strausbaugh et al. 2024a). Thus, after the initial large
peaks at the sagebrush steppe sites, the BLH populations at sage-
brush steppe sites and nearby crop sites were similar (Strausbaugh
et al. 2024a). In a subsequent investigation into what the BLHs
in Elmore County at the sagebrush steppe site had fed on prior to
capture, the samples investigated from these large initial peaks
appeared not to have fed recently or had just fed sparingly prior
to capture, since plant DNA could not be detected in most of
these samples or early season samples from other sites either
(Strausbaugh et al. 2024a, b). When plant DNA could be consis-
tently detected in BLH samples, it was in mid to late June, and the
BLHs were found to have fed on pine prior to capture. These data
suggest the BLH feeding on pine prior to capture had dispersed
48 to 80 km from local Idaho mountainous areas (Strausbaugh
et al. 2024b). Given the temperature requirements for BLH de-
velopment (the egg stage takes 5.5 days at 37.8°C to 43.8 days
at 15.6°C, and the nymphal stage takes 13.0 days at 35°C to 75.4
days at 18.3°C; Harries and Douglass 1948), these BLHs that had
fed on pine were likely the first BLHs to have originated in the
Elmore County area both years, and the earlier large dispersals
recorded where plant DNA could not be detected likely originated
outside the local area. Historically, there have been reports of
BLHs dispersing 320 to 482 km or more (Annand 1931; Annand
and Davis 1932; Dorst and Davis 1937; Fulton and Romney 1940;
Romney 1939; Severin 1933). Thus, the BLHs associated with
the early season peaks at the Elmore County sagebrush steppe
sites could have possibly originated a long distance away.
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FIGURE 1

The mean number of beet leafhoppers (BLHSs), Circulifer tenellus, at the Mt. Home, ID, sagebrush steppe site on 258 cm? of yellow
sticky cards after 7 days and collected for 22 weeks in 2020 (solid black line) and 2021 (dashed black line) beginning 21 April. On the
secondary axis, the daily average pine pollen per week collected over the same time periods by Boise Valley Asthma and Allergy Clinic
in Boise, ID, which lies 64 km northwest of Mt. Home, ID. In 2020 (solid green line), the large pollen peak on Week 4 (ended 12 May)
and the BLH peak Week 5 (ended 19 May) appeared to be related to the same wind event. In 2021 (dashed green line), the large
pollen peak on Week 5 and the BLH peak again appear to be related to the same wind event. The BLH peak in 2021 appears to have
been interrupted by cool weather on Week 6 and therefore did not peak until Week 7 (ended 2 June).



To investigate the role of wind events in possible long-distance
dispersal of BLHs, pine pollen movements were assessed. Pine
pollen was captured in Boise, ID (64 km from Mt. Home, ID, in
Elmore County), and pollen grains captured in 2020 and 2021
mirror the BLH sampling numbers at the sagebrush steppe site
early in the season (Fig. 1). Beginning 1 February, the start of
pine pollen release requires 300 GDDs (12.8°C base), and peak
release is at 636 GDDs (Bardon 2019). Thus, the pollen recorded
in the Boise area was from out of state, since the local areas with
pine such as the Wagontown RAWS station (near Pine, ID; clos-
est station to the Elmore County BLH sagebrush steppe sample
site) had only 20 to 29 GDDs by Week 5 (19 May) those same
years. Peak pollen release for lodgepole pine in southern Idaho
at 2,073 m occurs on 7 July, and in central and eastern Wash-
ington and Oregon at 792 to 1,295 m, peak release occurs on 13
June (Lotan and Critchfield 1990). However, peak pine pollen
release for lodgepole pine at 152 m occurs on 12 May in north-
western Washington (Lotan and Critchfield 1990). The other two
pine species in southern Idaho, ponderosa pine and white bark

TABLE 1
Four highest daily peak pine pollen grain collections in Boise, ID,
in 2020 and 2021
Pine pollen Highest hourly wind Wind direction
Date (grains/m3)? speed (km/h)® (degrees)©
6 May 2020 244 55 314
7 May 2020 372 19 310
12 May 2020 525 21 343
13 May 2020 180 19 286
13 May 2021 144 31 336
14 May 2021 150 26 324
18 May 2021 282 34 322
20 May 2021 242 45 282
Average 267 35 315

 Pine pollen data were collected by the Boise Valley Asthma and Allergy
Clinic, Boise, ID.

® Wind data were collected by the Mt. Home RAWS station 102709 in Mt.
Home, ID. The highest hourly wind speed recorded during each day of peak
pollen collection is displayed.

¢ Wind direction was recorded during the time the highest hourly wind speed
was recorded (315° indicates winds are coming from a northwest direction).

FIGURE 2

The Pacific Northwest area of the United
States where beet leafhoppers (BLHSs),
Circulifer tenellus, are known to trans-

mit curly top viruses and phytoplasmas.
A recent study in the Mt. Home, ID, area
indicated that BLHs may be dispersing
long distances into valley areas in south-
ern ldaho. May pine pollen data suggest
that wind events carrying pollen from out-
side of Idaho typically come from a north-
west direction (315°) and may also be
carrying BLHs in the same wind events.
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pine, have similar pollen timing as lodgepole pine (Owens and
Fernando 2007; Sorensen and Miles 1974). The wind direction for
the highest hourly winds on the peak pollen days was always from
a northwestern direction (282 to 336°; Table 1). During Week 4
(6 to 12 May) in 2020, the wind was from a west to northwest
(269 to 359°) direction 51% of the time that week. During Week
5 (13 to 19 May) in 2021, the wind was from a west to north-
west (260 to 359°) direction 67% of the time that week. Thus, the
data suggest the early southern Idaho pollen peaks in May likely
originated in western Washington (Fig. 2).

During 1935 to 1944 in southern Idaho, the initial spring
BLH dispersal ranged from 12 May to 5 June, with 25 May as
the average (data from fields around Buhl and Castleford, ID;
Douglass et al. 1946). The average date for peak dispersal was 24
June (Douglass et al. 1946). Based on general climate summary
tables (Western Regional Climate Center, Reno, NV) for Buhl,
ID (station 101217 from 1906 to 1963), the number of GDDs
with a 12.8°C base reached on 24 June would be approximately
400 (Table 2). A 12.8°C base was utilized to calculate GDDs
since BLH development does not occur below this temperature
(Bennett 1971). For Castleford, ID (station 101551 from 1963
to 2012), the summary tables indicate that 365 GDDs would be
reached on 24 June. Thus, if the summaries are averaged, in south-
ern Idaho, BLH dispersal begins near 25 May at about 130 GDDs
and peaks 24 June after approximately 382 GDDs. BLH capture
data from the Elmore County sagebrush steppe site (elevation of
936 m; similar to Buhl and Castleford at 1,146 to 1,167 m) show
there were two obvious peaks (Fig. 1) for BLH dispersal in a
recent study (Strausbaugh et al. 2024a). The number of GDDs
(12.8°C base) accumulated up to 19 May 2020 at Mt. Home (sta-
tion 106174, elevation 914 m) near the collection site was only
95. Peak BLH dispersal should have occurred on 20 June 2020,
since that is when Mt. Home hit 382 GDDs, which suggests the
19 May peak was from BLHs originating from outside the local
area and possibly from outside the state. In 2021, BLHs peaked
on 2 June when 215 GDDs had been accumulated. However,
on 26 May 2021, the BLH capture number went down (Week 6
in Fig. 1) which was possibly impacted by cold weather, since
daily average temperatures only ranged from 9 to 14°C. Flights
of BLHs have previously been documented when temperatures
reach a threshold of 16 to 18°C (Lawson et al. 1951). That temper-
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ature threshold was never reached during Week 6 in 2021. When
BLH captures peaked in Week 7, the daily average temperatures
ranged from 16 to 26°C. GDDs predicted the peak should have
occurred on 14 June 2021 when over 382 GDDs were accumu-
lated. Thus, over the 2-year period, although GDDs would have
predicted the peaks to occur from 14 to 20 June, they actually
occurred on 19 May 2020 and 2 June 2021, which was around
the time GDDs predicted dispersal to just be starting. These ob-
servations strongly suggest that BLHs were dispersing into the
Mt. Home, ID, area from outside the local area.

Despite this, the movement of BLHs into crop fields was his-
torically thought not to be from long-distance flight but rather
from local breeding grounds, including overwintering hosts like
mustards in sagebrush steppe (Carter 1930; Douglass and Cook
1954; Douglass and Hallock 1957; Fox 1938; Fox et al. 1945;
Haegele 1927). In both years at the Elmore County sagebrush
steppe site, the sticky traps were surrounded by young Russian
thistle (Salsola spp.) in a sagebrush steppe environment in mid-
April, yet the first BLHs where the host plant could consistently
be established based on plant DNA had predominantly fed on
pine (Strausbaugh et al. 2024b). Thus, these data indicated that
long-distance dispersal could be contributing to BLH popula-
tions in southern Idaho. The closest weather station in a forested
environment to the Elmore County sagebrush steppe site is the
Wagontown RAWS station 102712 (elevation 1,890 m) north of
Pine, ID. The accumulated GDDs (12.8°C base) at this site in
2020 (3.5 in April, 78 in May, and 234 in June) and 2021 (8 in
April, 42 in May, and 434 June) should have been sufficient to
allow for BLH dispersal from surrounding forested mountainous
areas located north of the ElImore County sagebrush steppe site in
downslope winds in June. In both years, we also rarely detected
viral and plant DNA in May BLH samples, which suggests that
the BLHs had fed sparingly or not at all just prior to capture
(Strausbaugh et al. 2024a, b). If the BLHs had dispersed from

outside the local region (and perhaps even outside of the state)
and traveled with little or no feeding, it may explain why we had
difficulty detecting plant and viral DNA in May BLH samples.
BLHs have been documented to be able to survive one to several
days without feeding if the temperatures are low and humidity is
high (Harries and Douglass 1948).

The large peaks that occurred on the cards at the Elmore County
sagebrush steppe site did not occur on cards at nearby sugar beet
and dry bean field sites (Strausbaugh et al. 2024a). The BLHs
were likely not attracted to the dry bean sites since the fields were
bare ground at that time. Dry beans are typically planted during
the first week of June, while sugar beets are normally planted in
early April. The small plants at the sugar beet sites could have
been attractive to BLH, but the plants in these fields had a neo-
nicotinoid seed treatment and a lot of bare ground around them.
Thus, the BLHs likely did not disperse out of these fields or may
not have been attracted to these sites because of bare ground.
Given the long distance the BLHs possibly traveled, there was
potential for peaks on sagebrush steppe site cards in Owyhee
(near Grand View, ID) and Twin Falls (near Castleford, ID) coun-
ties, but the only live vegetation at these sites was sagebrush in
May. The large population of young Russian thistle plants at the
Elmore County sagebrush steppe site may have played a role in
attracting the BLHs dispersing to this area. For many herbivorous
insects in the pre-alighting stage of host habitat location, vision
is more important than olfaction (Bian et al. 2020). A number
of studies have shown that Cicadellidae insects have positive re-
sponses to visual cues, which implies that these leafthoppers have
well-developed vision and a high sensitivity to color (Bian et al.
2014, 2020; Bullas-Appleton et al. 2004; Rodriguez-Saona et al.
2012; Shimoda and Honda 2013; Zhang et al. 2018).

In Table 2, comparing the GDDs from sites with both histor-
ical and current day data brings the impact of climate change
into focus particularly when comparing historical data versus the

TABLE 2

Cumulative growing degree days with a 12.8°C base for locations in the Pacific Northwest region of the United States
based on historical climate summary tables

Cumulative growing degree days

Location Station number Elevation (m) Year® March April May June
Buhl, ID 101217 1,146 Historical 2 36 166 458
Castleford, ID 101551 1,167 Historical 1 26 141 421
Mt. Home, ID 106174 960 Historical 2 31 165 477
2020 0 36 208 540

2021 0 32 176 786

Payette, ID 106891 655 Historical 2 40 210 557
2020 0 54 248 606

2021 0 48 252 857

Hermiston, OR 353847 189 Historical 5 54 244 618
2020 10 60 263 645

2021 0 42 244 805

Arlington, OR 350265 107 Historical 7 65 289 695
2020 0 76 288 674

2021 0 53 277 882

Sunnyside, WA 458207 229 Historical 5 49 230 579
458211 245 2020 0 28 153 436

2021 0 29 168 643

The Dalles, OR 358407 30 Historical 6 59 252 611
2020 0 52 230 537

2021 0 39 236 757

4 Historical = These data are from cooperative climatological data summaries available through the Western Regional Climate Center, Reno, NV. The dates
covered by the historical summaries varies by site (Buhl, 1906 to 1963; Castleford, 1963 to 2012; Mt. Home, 1906 to 2007; Payette, 1892 to 2012; Hermiston,
1906 to 2012; Arlington, 1893 to 2012; The Dalles, 1893 to 2012; and Sunnyside, 1894 to 2012). The 2020 and 2021 data comes from National Oceanic and
Atmospheric Administration (NOAA) weather sites and is available through the National Center for Environmental Information (https://www.ncei.noaa.gov).
The Payette, Hermiston, Arlington, The Dalles, and Sunnyside locations were chosen since they lie on a line of 315° to the northwest of Mt. Home, ID, and
are presented in order of increasing distance from Mt. Home. Aerial distance from Mt. Home, ID, to these locations is Payette (142 km), Hermiston (413 km),

Arlington (460 km), Sunnyside (491 km), and The Dalles (515 km).
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2021 GDD data for June. The June GDD data for 2021 are quite
striking since the Pacific Northwest that summer experienced an
unprecedented heat dome at the end of June into early July (White
etal. 2023). Given that the BLH peaks recorded were not possible
from local sources based on GDDs and that the wind direction
during the wind events carrying pollen into the valley were from
the northwest (average 315°; Table 1), areas with historical BLH
populations (Cook 1967; Cooper et al. 2023; Crosslin et al. 2006;
Munyaneza and Upton 2005; Munyaneza et al. 2008; Rivedal
et al. 2022; Rondon et al. 2016; Strausbaugh et al. 2008; Swisher
Grimm et al. 2021) that lie northwest of the EImore County sage-
brush steppe sites (Fig. 2) were considered in Table 2. Both the
Mt. Home, ID (95 GDDs), and Sunnyside, WA (74), sites did
not have sufficient GDDs by 19 May 2020 to initiate dispersal.
The four locations mentioned in Table 2 with sufficient GDDs
(>130) in May to support the initiation of dispersal were Payette,
ID (144 GDDs); Hermiston, OR (164); Arlington, OR (180); and
The Dalles, OR (135). In 2021, these same four areas had higher
GDDs by 19 May (200 in Payette, 180 in Hermiston, 200 in
Arlington, and 174 in The Dalles), but the peak did not occur
until 2 June. On 2 June 2021, Mt. Home had 215 GDDs, and
Sunnyside had 202, while the other locations had GDDs that
were closer to the 382 GDDs necessary for peak dispersal (289
in Payette, 282 in Hermiston, 318 in Arlington, and 279 in The
Dalles). Thus, not only is dispersal tied to wind events, but having
warm enough weather to buildup populations and hit the thresh-
old for dispersal must also be considered. In 2021, even though
more GDDs were accumulated by 19 May, the peak that occurred
on 2 June and was likely delayed by cool weather. While the wind
events driving both pollen and BLH dispersal are similar in tim-
ing and magnitude in Figure 1, the pollen seems to arrive slightly
ahead of the BLHs both years. In 2003, in the Columbia Basin
and Yakima Valley, weedy areas around potato fields had an early
peak of BLHs around 3 June, while the same areas in 2004 had
a BLH population peak in mid-May (Munyaneza et al. 2008).
Perhaps BLHs are dispersing from outside the state into Idaho. If
BLHs can disperse 142 to 515 km, these data may also help ex-
plain why using overwintering BLH populations to predict spring
populations and spraying local sagebrush steppe areas in Idaho
with insecticides was unsuccessful in the past (Annand 1931;
Annand and Davis 1932; Blickenstaff and Traveller 1979; Cook
1967; Dorst and Davis 1937; Fulton and Romney 1940; Romney
1939; Severin 1933). Long distance BLH migrations from the
west may also explain why curly top pressure in western fields
is six times higher than in eastern fields in southern Idaho
(Blickenstaff and Traveller 1979).

Based on this work and previous investigations, five condi-
tions emerge that appear to be necessary for large, long-distance
dispersal of BLHs into southern Idaho: a wind event must occur
(35 km/h average hourly wind speed) at the source and along the
dispersal path, dispersal temperature threshold (16 to 18°C) must
be met at the source (Lawson et al. 1951), >130 GDDs must be
accumulated to initiate dispersal at the source, daily peak tem-
peratures should reach 24°C at the source and along the dispersal
path (Douglass et al. 1946), and attractive BLH vegetation such
as Russian thistle must be present at the landing site. When these
five conditions are met, southern Idaho could possibly experi-
ence a large BLH dispersal event. In the future, these conditions
should be investigated to see if they can be utilized in pest alerts to
warn growers that spraying is needed. In southern New Mexico, a
model based on precipitation was developed to predict BLH abun-
dance (Lehnhoff and Creamer 2020). Our observations suggest
that a risk model for southern Idaho would require consideration
of several environmental variables, especially those observed at
putative source habitats upwind.

Currently, sugar beet growers utilize a combination of host re-
sistance and neonicotinoid insecticide seed treatments to control
the BLH vector and ultimately reduce infection of plants with
BCTYV (Panella et al. 2014; Rojas et al. 2018; Strausbaugh et al.
2006, 2012, 2014, 2016). However, should the neonicotinoids
become compromised because of resistance buildup or become
unavailable because of regulatory or environmental concerns, the
low to intermediate resistance in the sugar beet cultivars would
not be sufficient to avoid serious yield losses (Panella et al. 2014;
Strausbaugh et al. 2016, 2017, 2024a). When the neonicotinoid
seed treatments first became available, they increased sucrose
yield in sugar beets by at least 15% in areas with high BCTV
pressure (Panella et al. 2014; Rojas et al. 2018; Strausbaugh et al.
2006, 2012, 2014, 2016). Thus, if neonicotinoids are not avail-
able to supplement resistance, additional management measures
will be necessary. Given the observations reported here, perhaps
insecticide sprays could be investigated and timed in relation to
wind events that facilitate BLH dispersal in May to help optimize
control of BCTV in sugar beet fields in southern Idaho.
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