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Abstract:

Western flower thrips is the primary insect vector for Impatiens Necrotic Spot Virus (INSV), a
virus that caused widespread damage to lettuce in the Salinas Valley in 2019 and 2020. Only
limited strategies exist for thrips management, and there are no direct methods for managing
INSV. Furthermore, the large host range of plant species that can support thrips populations and
INSV creates additional management challenges, such that secondary hosts (i.e. non-lettuce) may



serve as reservoirs for INSV inoculum, where thrips can potentially acquire the virus and
subsequently transmit to neighboring lettuce fields. There is a need to further identify the host
range for INSV and understand the relationship between secondary hosts and INSV incidence in
lettuce. Here, over 3,000 individual plants representing over 70 species of weeds and crops were
screened for INSV. Regions that experienced the highest incidence of INSV in the Salinas
Valley during the 2019 lettuce season were the same areas where we detected high levels of
INSV-infected weeds. Winter sampling that overlapped with the lettuce-free period in 2019 and
2020 had a higher level of INSV-infected weeds than the weeds collected during the spring and
summer, supporting a role for secondary-host plants as “green bridges” for the virus to persist
during the non-lettuce season. Interestingly, sticky card monitoring of thrips populations at the
locations where sampling occurred suggested that the highest populations during the 2020 season
emerged in the region of the Salinas Valley that experienced the lowest INSV incidence in
lettuce and secondary plants, emphasizing the complexity of understanding and managing thrips-
transmitted INSV. These studies provide knowledge on the host range for INSV on the Central
Coast of CA, and will help devise focused weed management strategies during critical times
throughout the year.

Objectives:

1. Understanding the impact of secondary host plant reservoirs for INSV and their impact on
commercial lettuce production. This objective will investigate the role of secondary host
plants as INSV reservoirs throughout the winter months and will assess their potential impact
on subsequently planted lettuce in nearby locations. This objective will also identify the most
critical secondary hosts for INSV at different geographical regions across the Salinas Valley.
Deliverables: Knowledge of secondary hosts that can propagate INSV during the winter
months, and those that are the most critical INSV reservoirs.

2. Understanding the movement of thrips populations. This objective will identify habitats and
secondary host plants that can support thrips populations. This objective also works to
identify habitats that contribute to the emergence of thrips populations at the beginning and
throughout the lettuce growing season.

Deliverables: Knowledge of geographic locations, habitats and secondary hosts that support
thrips populations and their emergence throughout the lettuce growing season.

Procedures:

Objective 1: Understanding the impact of secondary host plant reservoirs for INSV and their
impact on commercial lettuce production. Four sampling locations were selected based on INSV
incidence during the 2019 lettuce season, and each consisted of different habitats. The four
locations can be described as follows: North (Spreckels area; moderate level of INSV during the
2019 season), East (foothills on the east side of the Salinas Valley between Chualar and
Gonzales; high level of INSV during 2019 season), West (region between Salinas, Spreckels,
Hwy 101, and the Salinas River; moderate level of INSV during the 2019 season), and South
(region west of Soledad, between the Salinas River and foothills of the Salinas Valley; low levels
of INSV during the 2019 season) (Figure 1). To further focus our sampling efforts, each broad
location comprised of four to nine specific sites where collections were made. A total of four




sampling periods were conducted at each of the specific sites: Winter 2019 (November and
December, including the lettuce-free period), Spring 2020 (February and March), Summer 2020
(June and July), and Winter 2020 (December and January, including the lettuce-free period).

During each sampling period, at least 10 individual plants were collected for each weed
species (if possible) from each specific site. For each plant, leaves were sampled and grouped
together, and included a composite of older and newer leaves, as well as leaves that had
discoloration or potential symptomatic areas. Flowers and any thrips present on the leaves were
avoided in the sampling. All samples were processed in the lab at USDA, where 0.5 g of tissue
from each plant was used to assess its INSV infection status using TAS-ELISA (Agdia). Assays
were conducted in 96-well plates and absorbance values were read on a spectrophotometer.
Samples that had absorbance values of OD4osnm = 0.250 (~2.0-2.5X the value of healthy lettuce)
were considered positive for INSV. New plant species that tested positive for INSV using TAS-
ELISA were also validated using a second or third method, including Immunostrip (Agdia) or
RT-PCR. Additional sampling of specific plants was also conducted according to industry
concerns and requests. To determine any effects of the positivity rate for INSV by sample
location or time, ANOVA using LS Means and Tukey’s post-hoc test was implemented.

Host INSV index values were assigned for each species that had a sample size of at least
30. This approach was developed to rank the INSV hosts, with consideration of the INSV titer
within the host plant, which is reflected in the ELISA value (higher values = higher virus titer):

HOSt INSV lndeX = AVg ELISApositive X (Npositive/Ntotal)

where ELISApositive €quals the average ELISA value for samples that were positive for INSV (i.e.
had absorbance value of OD4osnm > 0.250), Npositive €quals the number of INSV positive samples
tested for that species and Nl €quals the total number of samples tested for that species.

Objective 2: Understanding the movement of thrips populations. Yellow sticky cards were
placed at the sampling sites at each of the four locations described in Objective 1, between the
months of April and September. Four sticky cards were setup at each location and were counted
for thrips, averaged, and replaced on a weekly basis to address which locations best supported
thrips populations throughout the lettuce season.

Results:

In total, 3,321 plants representing 72 species were collected across all four locations and
sample periods. 421 samples (13%) tested positive for INSV (Table 1). Among these samples,
ten species of weeds (1,725 samples) had a 20% positivity rate for INSV, which led to the
creation of a top 10 list to help prioritize weed management efforts for the industry (Figure 2).
Samples that were successfully validated for INSV infection using either Immunostrip and/or
RT-PCR include: Little mallow, Annual sowthistle, Hairy fleabane, Shepherd’s purse, Nettleleaf
goosefoot, and Field bindweed, while the remaining species are currently being validated. When
the top 10 hosts were analyzed for differences in the INSV infection rate across seasons (Winter
2019, Spring 2020, Summer 2020, Winter 2020), there was an effect, such that both winter
sampling periods had the highest rates of infection, whereas summer had the lowest (Figure 3).



When the top 10 hosts were analyzed for differences in the INSV infection rate across location
(North, East, West, South), there was also an effect, such that the East location had the highest
infection rate, followed by the North and West locations, and then the South (Figure 4).
Interestingly, this finding matches the incidence of INSV that was observed in lettuce plantings
during the 2019 season (personal observation and communications). Numerous other species
were tested for their potential as a host for INSV, however, many of them were not infected in
our sampling efforts, including ice plant and those collected from riparian habitats along the
Salinas River and foothills of the east and west edges of the Salinas Valley (Tables 1 and 2).

In addition to the INSV positivity rate for each plant species, absorbance values obtained
from ELISA tests were used to develop a ranking system for INSV hosts for species that had a
sample size >30 (Figure 5). This approach was another way to rank the INSV hosts, with
consideration of the INSV titer within the host plant (i.e. reflected in the ELISA value). The
samples that showed strong INSV symptoms (i.e. lettuce and chickweed) had the highest ELISA
values and highest rate of positivity (due to biased sampling of symptomatic plants), and thus,
the highest Host INSV Index values. In contrast, species that either had a low average ELISA
value (e.g. nettleleaf goosefoot) or a low positivity rate (e.g. shortpod mustard), received lower
Host INSV Index values (Figure 5).

Sticky cards that were set up in the same locations where the weed sampling took place
(North, East, West, South) showed that the highest levels of thrips were captured in the
designated South region, whereas the remaining three locations showed comparable levels of
populations (Figure 6). Interestingly, the South region had the lowest levels of INSV incidence
in lettuce during the 2019 season, as well as the lowest frequency of INSV that was detected in
weeds that were sampled in this study.

Figure 1: Sampling locations for non-lettuce hosts of INSV. Four sampling locations were
selected based on INSV incidence observed during the 2019 lettuce season, and each consisted



of different habitats. North (Spreckels area; moderate level of INSV during the 2019 season),
East (foothills on the east side of the Salinas Valley between Chualar and Gonzales; high level of
INSV during 2019 season), West (region between Salinas, Spreckels, Hwy 101, and the Salinas
River; moderate level of INSV during the 2019 season), and South (region west of Soledad,
between the Salinas River and foothills of the Salinas Valley; low levels of INSV during the
2019 season).
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Common hame Scientific name Family Category Winter  Spring Summer Fall
Little Mallow Malva parviflora Malvaceae (Mallow Family) Broadleaf ++ ++ ++ ++
Annual Sowthistle Sonchus oleraceus Asteraceae (Sunflower Family) Broadleaf ++ ++ ++
Nettleleaf goosefoot Chenopodium murale Chenopodiaceae (Goosefoot Family) Broadleaf + ++ ++ ++
Mare's Tail Conyza canadensis Asteraceae (Sunflower Family) Broadleaf + ++ ++ ++
Field Bindweed Convolvulus arvensis Convolvulaceae (Morningglory Family) Broadleaf 0 ++ ++ ++
Shepherds Purse Capsella bursa-pastoris Brassicaceae (Mustard Family) Broadleaf ++ ++ ++ ++
Common Purslane Portulaca oleracea Portulacaceae (Purslane Family) Broadleaf 0 + ++ ++
Hairy Fleabane Conyza bonariensis Asteraceae (Sunflower Family) Broadleaf + ++ ++ ++
Burning Nettle Urtica urens Urticaceae (Nettle Family) Broadleaf ++ ++ ++ ++
Common Lambsquarter Chenopodium album Chenopodiaceae (Goosefoot Family) Broadleaf 0 ++ ++ ++

Figure 2: Top 10 list of INSV hosts sampled in the Salinas Valley and their abundance on
the Central Coast throughout the year. 1,725 plant samples were collected and tested for the
top 10 hosts, which together, had a 20% INSV positivity rate.



WINTER 2019 SPRING 2020 SUMMER 2020 WINTER 2020 TOTAL
# Common name
Total | INSV [Percent| Total INSV |Percent| Total | INSV [Percent| Total INSV |Percent | TOTAL | INSV |Percent
1 Little mallow 143 25 17% 196 49 25% 76 5 7% 129 30 23% 544 109 20%
2 |IAnnual sowthistle 58 25 43% 55 8 15% 79 3 4% 103 29 28% 295 65 22%
3 [Nettleleaf goosefoot 41 4 10% 40 7 18% 50 6 12% 83 25 30% 214 42 20%
4 |Mare's tail 29 2 7% 36 0 0% 60 1 2% 32 12 38% 157 15 10%
5  [Field bindweed 20 7 35% 20 6 30% 52 2 4% 26 13 50% 118 28 24%
6  [Shepherd’s purse 22 7 32% 84 3 4% 10 1 10% 116 11 9%
7  |Hairy fleabane 28 10 36% 20 0 0% 45 15 33% 93 25 27%
8 Purslane 15 11 73% 60 4 7% 75 15 20%
9 Burning nettle 20 6 30% 24 1 4% 10 2 20% 5 3 60% 59 12 20%
10 [Common lambsquarter 24 14 58% 10 1 40% 20 2 10% 54 20 37%
... [Top 10 total 400 111 27% 465 78 16% 437 26 5% 423 127 30% 1725 342 20%
73 |TOTAL 824 128 16% 723 79 11% 822 39 5% 952 178 19% 3321 429 13%
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Figure 3: Top 10 list of INSV hosts organized by season. 1,725 samples collected for the top
10 hosts and organized by the time at which they were collected, irrespective of their location.

4 Common name NORTH EAST WEST SOUTH TOTAL
Total INSV |Percent| Total INSV | Percent| Total INSV [Percent| Total INSV |Percent | TOTAL | INSV [Percent
1  |Little mallow 69 13 19% 255 79 31% 145 14 10% 75 3 4% 544 109 20%
2 |Annual sowthistle 42 9 21% 143 44 31% 64 10 16% 46 2 4% 295 65 22%
3 |Nettleleaf goosefoot 20 2 10% 119 37 31% 20 1 5% 55 2 4% 214 42 20%
4 |Mare’s tail 20 0 0% 10 0 0% 107 15 14% 20 0 0% 157 15 10%
5 [Field bindweed 15 4 27% 22 6 27% 76 18 24% 5 0 0% 118 28 24%
6 [Shepherd’s purse 48 5 10% 18 1 6% 30 5 17% 20 0 0% 116 11 9%
7  |Hairy fleabane 29 13 45% 44 11 25% 20 1 5% 93 25 27%
8  [Purslane 25 12 48% 30 2 7% 20 1 5% 75 15 20%
9  [Burning nettle 10 2 20% 10 2 20% 39 8 21% 59 12 20%
10 [Common lambsquarter 42 16 38% 2 2 100% 10 2 20% 54 20 37%
.. _[Top 10 hosts 249 47 18% 648 198 30% 557 86 15% 271 11 4% 1725 342 20%
73 |TOTAL 482 75 16% 1093 225 21% 1026 111 11% 686 18 3% 3321 429 13%
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Figure 4: Top 10 list of INSV hosts organized by location. 1,725 samples collected for the top
10 hosts and organized by the location where they were collected, irrespective of the season.



Common name Avg. ELISA Abs. INSV Total % INSV Host INSV Index
Lettuce* 3.061 100 100 100.0 3.061
Chickweed* 3.210 26 50 52.0 1.669
Hairy fleabane 1.730 26 93 28.0 0.484
IAnnual sowthistle 1.721 64 295 21.7 0.373
Common lambsquarter 1.211 15 54 27.8 0.336
Purslane 1.724 13 75 17.3 0.299
Curly dock 1.508 9 46 19.6 0.295
Field bindweed 1.137 26 118 22.0 0.251
Shepherd's purse 2.557 11 116 9.5 0.242
Little mallow 1.066 101 544 18.6 0.198
Mare’s tail 1.720 15 157 9.6 0.164
Bristly oxtongue 1.073 8 54 14.8 0.159
Burning nettle 1.020 9 59 15.3 0.156
Redroot pigweed 1.592 2 30 6.7 0.106
Nettleleaf goosefoot 0.605 34 214 15.9 0.096
Prickly lettuce 0.705 3 48 6.3 0.044
Shortpod mustard 1.594 10 406 2.5 0.039
Swine cress 0.644 1 30 3.3 0.021
|Artichoke 0.261 1 30 3.3 0.009
IWild arugula 0.291 1 39 2.6 0.007
Bull mallow 0.946 1 131 0.8 0.007
|Alkali mallow 0.249 0 31 0.0 0.000
Iceplant 0.249 0 91 0.0 0.000
Field mustard 0.249 0 32 0.0 0.000
Plantain 0.249 0 31 0.0 0.000

Figure 5: Ranking system for species with a sample size greater than 30. Host INSV index
values were assigned for each species using a developed equation where the INSV index = Avg.
ELISA value for samples that were positive for INSV (i.e. ODsosnm > 0.250) multiplied by the
number of INSV positive samples divided by the total number of samples tested. * = samples
that show strong INSV symptoms; red text = samples in the top 10 list.
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Figure 6: Number of thrips counted per sticky card from each of the four locations. Four
sticky cards were placed in each location where weed sampling was conducted and replaced
weekly between April and September, 2020. The number of thrips per sticky card was averaged
for each location and presented here.



COMMON NAME S]I} (1)\/,[1,1;15 P Olsl\ﬁ“‘I,VE PERCENT
1 | Little mallow 544 109 20%
2 | Mustard_shortpod 406 15 4%
3 | Sowthistle 295 65 22%
4 | Nettleleaf goosefoot 214 42 20%
5 | Marestail 157 15 10%
6 | Bull mallow 131 1 1%
7 | Field bindweed 118 28 24%
8 | Shepherds purse 116 11 9%
9 | Fleabane 93 25 27%
10 | Iceplant 91 0 0%
11 | Purslane 75 15 20%
12 | Burning nettle 59 12 20%
13 | Lambsquarter 54 20 37%
14 | Bristly oxtongue 54 8 15%
15 | Chickweed 50 26 52%
16 | Prickly lettuce 48 3 6%
17 | Curly_dock 46 9 20%
18 | Prostrate pigweed 40 1 3%
19 | Wild arugula 39 1 3%
20 | Mustard_field 32 0 0%
21 | Plantain 31 0 0%
22 | unknown #1 31 4 13%
23 | Alkali_mallow 31 0 0%
24 | Redroot pigweed 30 2 7%
25 | Artichoke 30 1 3%
26 | Swine cress 30 1 3%
27 | Nightshade black 24 0 0%
28 | Telegraph weed 20 0 0%
29 | Willow_herb 20 0 0%
30 | Cudweed 20 0 0%
31 | Nightshade hairy 20 1 5%
32 | Coyote bush 19 0 0%
33 | Wild radish 17 0 0%
34 | Deerbrush 14 0 0%
35 | Geranium_ornamental 14 1 7%
36 | Turkey mullein 13 0 0%
37 | Poison_hemlock 11 0 0%
38 | Grape leaf 10 0 0%
39 | Knotweed 10 0 0%
40 | Willows 10 0 0%




41 | Arundo 10 0 0%
42 | Bell bean 10 0 0%
43 | Oat/barley cover crop 10 0 0%
44 | Pea cover crop 10 1 10%
45 | Grass (annual) 10 1 10%
46 | Whitetop 10 0 0%
47 | Burr Clover 10 0 0%
48 | Cucumber wild 10 0 0%
49 | Spotted spurge 10 0 0%
50 | Pepperweed 10 0 0%
51 | Tobacco tree 10 0 0%
52 | Tobacco wild 10 0 0%
53 | Spinach 10 4 40%
54 | Heliotropium 10 0 0%
55 | Jimsonweed 10 0 0%
56 | Peas 10 0 0%
57 | Low amarantin 10 0 0%
58 | Mustard black 9 0 0%
59 | Sunflower 9 0 0%
60 | Alfalfa 9 0 0%
61 | Redstem_fillaree 8 0 0%
62 | Morning_glory 8 0 0%
63 | Sorghum 8 0 0%
64 | Calla_lily 7 1 14%
65 | Groundsel 7 0 0%
66 | Strawberry 15 0 0%
67 | Jerusalem 4 3 75%
68 | Germanium_cutleaf 1 0 0%
69 | Atriplex 1 1 100%
70 | Carrot_wild 1 0 0%
71 | Pepper 1 0 0%
72 | Box_elder 1 0 0%

TOTAL 3321 429 13%

Table 1: All plant samples that were tested for INSV.
Common name

Foothills/riparian — Turkey mullein, telegraph weed, knotweed, deerbrush,
coyote bush, cudweed, Arundo, annual grass

Ice plant

Cover crops - barley, oat, bell bean

INSYV samples




Grape 0/10

Sweet alyssum 0/14
Spinach 4/10
Peas 1/10
Artichoke 1/30
Strawberry 0/15
Sunflower 0/10
Alfalfa 0/10
Wild radish 0/17

Table 2: Other plants of interest that were tested for INSV. The plants listed were selected
based on industry interest.

Discussion:
One of the challenges in managing thrips and INSV is due to the extensive host range of
secondary plants (i.e. non-lettuce) that can support both the insect and virus. Therefore, there is a
need to better understand the influence of secondary hosts as reservoirs for INSV, which could
help guide weed management programs. The data presented here demonstrated that a high level
of weeds can support INSV and was particularly true during the sampling periods that took place
in Winter 2019 and again in Winter 2020. This data supports the hypothesis that secondary hosts
can serve as “green bridges” for INSV to persist throughout the winter months and between
lettuce seasons. This data also demonstrated that the region that experienced the highest levels of
INSV during the 2019 season (East) also had the highest percentage of weeds that tested positive
for INSV, whereas the region that experienced the least amount of INSV (South) had the lowest
percentage of weeds that tested positive for INSV. Although it cannot be distinguished whether
higher incidence of INSV in lettuce is due to the higher incidence of INSV in the secondary
hosts, or vice versa, there is evidence that disease incidence across all host species (lettuce and
secondary hosts). Sanitation of INSV reservoirs, particularly during the winter months would be
an appropriate strategy to mitigate the INSV incidence in lettuce, particularly as thrips
populations and the primary host for INSV (lettuce), are abundant at low levels on the Central
Coast.

Several species within the top 10 list of INSV hosts are quite abundant on the Central
Coast and exhibit atypical growing cycles due to the moderate climate of the region. The
conducive temperatures that allow weeds to persist for longer periods of time, particularly during
the winter months is favorable for INSV to reside for longer periods of time, and thus, increasing
the opportunity for thrips to acquire and transmit the virus. However, it important to note that
although a plant can test positive for INSV, it must also be a reproductive host for the western
flower thrips for virus acquisition and transmission to occur. This is because transmission can
only occur if INSV is first acquired during the early larval stages of the thrips life cycle, and
therefore, transmission can only occur if eggs are laid into existing INSV-infected tissue, for



which the larvae can develop and acquire the virus. Although the data presented in this report
demonstrates a large range of hosts that can be infected with INSV, it does not address whether
the hosts are conducive for thrips reproduction. These latter studies would be necessary to further
determine the relevance of each host plant as a source for which thrips acquisition of INSV can
occur.

Almost all of the plants that were collected in riparian habitats or the foothills of the
Salinas Valley did not test positive for INSV, as well as other prevalent plants in the Salinas
Valley, including ice plant, sweet alyssum, cover crops, grasses, and various other crops.
However, although some crops may not serve as a host for INSV, weed management practices
may vary, and thus, a lack of good control of secondary hosts (e.g. annual sowthistle, common
lambsquarter, and purslane) can be problematic for adjacent lettuce crops. Overall, good weed
management should be a focus to reduce potential reservoirs for INSV, particularly during
critical transition periods of the lettuce season. This includes the end of the season, when INSV
incidence and thrips populations are the highest on the Central Coast and it’s expected that thrips
will migrate to weeds and other alternative host plants as lettuce production ends. This represents
the first critical step that would allow INSV to persist in other host plants throughout the winter
months. In contrast, as the subsequent lettuce season begins, and thrips populations begin to
build, it is expected that thrips will make that transition back to lettuce where they will
predominantly reproduce (considering the total acreage that is planted). Therefore, it would be
important to execute strict weed management programs during the winter months to reduce the
reservoirs of INSV before the subsequent lettuce season begins. These efforts will have to
systematic and cooperative, as many of the INSV hosts persist in regions outside of lettuce
production fields.

Interestingly, thrips populations were highest in the South region, which reported the
lowest levels of INSV in our surveys of secondary hosts, as well as in lettuce during the 2019
lettuce season (and again in the 2020 season). This highlights the discrepancy that higher thrips
populations don’t always relate to higher levels of INSV infection, and broadly, further
highlights the complexity in managing thrips transmitted INSV.

Understanding the factors that influence thrips and INSV epidemiology is critical to
developing a diverse and sustainable integrated pest management (IPM) program. Factors must
consider the movement of the vector and the host range for the pathogen across space and time,
as well as consideration of production practices that may influence thrips and INSV incidence.
The large, diverse, and dynamic cropping culture of the Salinas Valley presents a challenging
backdrop to understand the epidemiology of the thrips-INSV complex. However, the studies
presented here contribute to the diversification of our IPM tool box to manage thrips and INSV
affecting lettuce production on the Central Coast, and serves as a model for other major lettuce
growing regions where INSV has been recently detected, including Imperial County, CA and
Yuma County, AZ.



	2020-2021 CALIFORNIA LEAFY GREENS RESEARCH PROGRAM
	ANNUAL REPORT

