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Abstract: 
X-disease, often colloquially referred to as “little cherry disease” is the key threat to Pacific Northwest 
cherry production and the only management options are tree removal and control of leafhoppers that 
vector the phytoplasma pathogen. With little natural enemy knowledge, vector control focuses only on 
chemical controls, suspending integrated management principles. Here, we evaluate primers we 
developed for 3 potential leafhopper biocontrol agents identified in Central Washington cherry 
orchards: a fungal pathogen, a parasitic fly, and a parasitic wasp to better understand the abundance of 
each and identify potential for control. By using molecular techniques to evaluate each, we are quickly 
screening each, and leveraging USDA funding to conduct molecular gut content analysis and 
phytoplasma presence. Further, combining these approaches allows determination of previous food 
host use, vector capacity, and biocontrol attack rate on each leafhopper, maximizing our ability to 
identify when, and how such biocontrol agents are attacking vectors. 
 
Project Description: 
X-disease is the key threat to Pacific Northwest production of cherries and stone fruits. It is caused by 
the X-disease phytoplasma that cannot be treated within a tree, so the only management option is 
reducing transmission through removal of diseased trees and controlling leafhoppers that vector the 
disease. There is a multi-year lag between the time a tree is infected and the emergence of symptoms, 
making it difficult to quickly respond to infections within blocks (Harper, unpublished data). While the 
current epidemic has only recent re-emerged in the Pacific Northwest, a previous outbreak devastated 
the region in the 1940s and 1950, and more recently had a severe impact on California cherry 
production in the 1980s. During the California outbreak in the 1980s A group of Californian researchers 
led by Bob Van Steen Wyk found that the most important management technique was removal of 
diseased trees, with vector control measures available at the time providing secondary benefits. In the 
Pacific Northwest, research focused on X-disease vector management techniques only started in 2020 
after a >60 year hiatus. The leafhoppers that vector X-disease are highly mobile leafhoppers with a wide 
host range, including a wide range of broadleaf hosts that can also host X-disease phytoplasma. Recent 
surveys suggest that the key vector is Colladonus montanus reductus, with C. geminatus also being 
important but lower in abundance. 

Unfortunately, very little is known about the natural enemies of X-disease vectors, limiting our 
ability to develop an integrated management program. In addition to reducing vector numbers within 
cherry and stone fruit blocks, natural enemies may help reduce leafhopper abundance in nearby apple 
blocks and natural vegetation to reduce the number of vectors migrating into cherries. In May 2020 we 
collected the two key vectors, Colladonus geminatus and C. m. reductus from a commercial Wapato 



cherry block and in the process of developing primers for the leafhoppers identified high parasitism 
(80% of C. geminatus and 40% of C. reductus) by a fly that parasitizes late instar nymphs and develops 
within the adults. This fly was mentioned (no data presented) as attacking C. geminatus in Utah and 
Oregon in the 1950s, but little research has been conducted on it since then, and we are not aware of 
any previous reports of it occurring in Washington or attacking C. m. reductus. The parasitic fly is only 
known to emerge from adults, but may attack late instar nymphs, and then develop along with the 
adult. Recently, we have sequenced a Hirsutella spp. fungus from C. m. reductus and reared a wasp 
(family Dryinidae) from X-disease vectors, but it is unknown how common parasitism by these biological 
control agents is. Hirsutella fungi have been used to control hemipteran vectors of citrus greening and 
Pierce’s disease, and dryinid wasps are known to parasitize white apple leafhoppers in Washington, 
suggesting that each might be valuable in this context as well. However, more information is needed on 
these biological control agents before they can be integrated into management programs. 
 
Outputs 
Overview of results thus far: 

We have validated 2 of the 3 primers for natural enemies of X-disease vectors and developed 
working primers to identify the parasitic fly and fungus. The unvalidated primer is used to detect a 
parasitic wasp, as our sampling suggests there may be multiple wasp species, which we are currently 
evaluating in collaboration with USDA ARS. Once these species are identified we will adapt the primer 
accordingly. We have also developed primers and a multiplex to identify the two key vector species 
(Colladonus geminatus and C. m. reductus) and detect X-disease phytoplasma, which will be helpful in 
identifying nymph species, which are likely important for acquiring phytoplasma that is transmitted as 
adults. From our 2021 samples across 3 sites, we are detecting some parasitism by the parasitic fly, and 
very high parasitism by the entomopathogenic fungus. In addition, during the 2022 field season, we 
sampled 85 times from May 5th through October 20th across 47 sites, 19 locations, and 4 tree fruits 
(apple, cherry, nectarine, pear). Samples were collected from each site’s ground cover. Thus far, we 
have sorted >1500 leafhoppers (nymphs and adults) and estimate >2000 individual leafhopper samples. 
These samples will be evaluated for X-disease phytoplasma and the natural enemies using the multiplex 
once it is completed. 
 
 
Methods and Results:  

 
Objective 1) Develop a multiplex qPCR bioassay to evaluate parasitism by a fungal pathogen, parasitic 
wasp, and parasitic fly in the same bioassay, using 3 parasite-specific primers. 

Since the submission of the proposal, we have identified (3 of the 3 primers) and validated (2 of 
the 3 primers) the genetic sequences of the natural enemies and developed working primers to identify 
the parasitic fly and fungus. Initial optimization and validation assays for the natural enemy qPCR 
multiplex are on currently on hold until we clear up some taxonomic issues with the parasitic wasp, 
which is currently underway.  

 
Primers for natural enemies 
Tomosvaryella lepidipes (parasitic fly) 

The primer set developed for the parasitic fly is highly sensitive to small traces of fly DNA in 
leafhopper samples, allowing accurate identification even in early life stages of the fly within a 
leafhopper. Primer development, optimization, and molecular validation (cloning) for Tomosvaryella 
lepidipes DNA were conducted using fly specimens (3 life stages) reared from field-collected C. m. 



reductus (previously only recorded on C. geminatus). Taxonomic identification of this parasitic fly was 
further confirmed by Jeff Skevington (the world’s Tomosvaryella taxonomy expert at the Canadian 
National Insect Collection) using the genomic data generated during primer validation and examining 
leafhopper-reared adult fly samples. 

 
Hirsutella sp. (fungus) 

Initial sequencing data were generated by amplifying the internal transcribed spacer (ITS) of 17 
clones derived from 1 field-collected C. geminatus, and 4 field-collected C. m. reductus. There are 
virtually no differences between the Hirsutella sp. sequences obtained from either leafhopper species. 
However, sequence results obtained from both leafhopper species matched NCBI records of multiple 
Hirsutella species. Since there is a high possibility of finding multiple fungal species of the same genus in 
any given collection site, we decided to design a robust primer set for identification at the genus level by 
generating a consensus sequence that included 150 Hirsutella records (including species described as 
entomopathogens) as the template. Records matching initial Hirsutella species found in field-collected 
leafhoppers were included in the design.  Primers have been validated via molecular cloning. We are 
currently waiting to obtain several isolates of different entomopathogenic Hirsutella species to compare 
with the sequence data obtained from field samples to provide more specific genomic data. 

 
Gonatopus sp. (wasp) 

We initially developed a series of possible working primers to identify the presence of Dryinid  
(the family that includes the genus Gonatopus) wasp parasitism on Colladonus leafhoppers. These 
primers were developed using field-collected adult Dryinid wasps as well as excised thylacium (larval 
sac) of parasitized field-collected leafhopper (nymphs and adults, not necessarily Colladonus sp.). After 
testing primers from returned sequence data, we noticed that the designed primers did not amplify for 
all samples, suggesting there may be more than one species of Dryinid wasp parasitizing Colladonus 
leafhoppers in our collection sites. Therefore, we focused on obtaining genomic data from Colladonus-
reared parasitic wasps only. 

We have recently generated reliable sequences for the development of working primers for the 
parasitic wasp.  This was achieved by submitting Colladonus-reared adult Dryinid wasps to a non-
destructive DNA extraction protocol, amplifying the cytochrome c oxidase subunit 1 (CO1) gene of the 
samples, and molecular cloning to verify sequences. The protocol involves extracting hemolymph from 
the sample, leaving the specimen externally intact for morphological identification. Returned sequences 
match records that correspond to diverse Gonatopus species. Wasp specimens from which sequence 
data were originally obtained are currently being identified taxonomically by experts at USDA ARS in 
Wapato. Preliminary taxonomic identification suggests that the Colladonus-reared Dryinid wasps key out 
to Gonatopus brooksi, but there is no sequence data available to cross-reference this yet (NCBI/BOLD). 
There is a high possibility that molecular data for this Dryinid wasp found parasitizing Colladonus 
leafhoppers in WA has not yet been submitted to any genetic database. Primer design and validation 
will begin as soon as there is an accurate taxonomic ID of the Gonatopus wasp specimens parasitizing 
both leafhopper nymphs and adults in the field. 

 
Multiplex assay 

We are currently waiting on the Gonatopus wasp taxonomic ID to develop primers to include 
them in the natural enemies/parasitoid multiplex assay. In the meantime, since there is evidence that 
the Dryinid wasp parasitizes both nymph and adult Colladonus leafhopper species, there is a need to 
quickly identify Colladonus nymphs and screen them for parasitism. Because leafhopper nymph ID is 
challenging, we developed and validated a set of primers to differentiate between C. m. reductus and C. 
geminatus leafhopper nymphs using sequence data from field-collected leafhopper adult samples from 



2020. Thus, we have divided the multiplex assay into two steps– the first one to distinguish between 
Colladonus species to identify nymphs to and test for X-disease phytoplasma, and the second one to 
screen for natural enemies/parasitoids (and test for XDP). We expect to have preliminary results (proof 
of concept) for multiplex group 1 (nymph ID + XDP) this winter. The parasitoid assay (multiplex group 2) 
will be designed, tested, and validated as soon as we obtain an accurate taxonomic ID (species level) for 
the parasitic wasp. 
 
 
Objective 2) Evaluate seasonal trends in X-disease vector parasitism at two stone fruit orchards (one 
cherry, one nectarine), where each of the parasites have been identified. 

We have tested the detection efficacy of the parasitic fly primer set using a sample set composed of 
33 C. geminatus and 6 C. m. montanus collected in 2020 (May, June, August, and October) from various 
weeds in Washington tree fruit orchards. Of those collected 12.12% (4/33) C. geminatus and 0/6 C. m. 
reductus tested positive for the parasitic fly, Tomosvaryella lepidipes. 

During the 2021 field season, we sampled 76 times from May 13th through November 5th across 3 sites 
in Wapato and Wenatchee, and 3 cultivars (apple, cherry, nectarine). Samples were collected from each 
site’s ground cover using a modified leaf blower as an insect vacuum. We estimate to have collected 
>2,000 leafhoppers during that season. To obtain more preliminary data before sorting all collections, we 
selected a subset of 5 collections from 3 sites during the months of May, June, and September. The subset 
consisted of 51 unidentified leafhopper nymphs and 199 adults (197 C. m. reductus and 2 C. geminatus). 
DNA from all samples was extracted using a leafhopper-optimized cetyltrimethylammonium bromide 
(CTAB) precipitation method. Nymph samples were tested for Colladonus species identification as well as 
for Tomosvaryella lepidipes and Hirsutella sp. parasitism. Adult leafhoppers were tested only for 
parasitism. Of the nymphs evaluated for species identification, 2/51 nymphs were positive for C. m. 
reductus, 0/51 were positive for C. geminatus, and 49/51 remain unidentified. Of those nymphs tested for 
identification, 1/51 nymphs (unidentified) were positive for Tomosvaryella lepidipes and 2/2 C. m. 
reductus-positive nymphs tested positive for Hirsutella sp. In addition, 5/199 adult leafhoppers (C. m. 
reductus) tested positive for Tomosvaryella lepidipes and 197/199 adults were positive for Hirsutella sp. 
Testing was conducted twice in different laboratory environments to confirm results and discard any 
possible contamination. It is important to note that a sample size that covers more dates throughout the 
field season is needed to better identify realistic parasitism rates for all the potential natural enemies. 

Dryinid parasitism testing is pending for all samples in this subset as we have not yet validated working 
primers for the parasitic wasp. If the number of specimens per collection vial is consistent across all 
collections, we estimate to have collected >2,000 leafhoppers for the 2021 field season.  

 
Objective 3) Conduct a geographical survey of the stone fruit growing region in Washington to evaluate 
the geographical distribution of three X-disease natural enemies: fungal pathogen, a parasitic wasp, and 
a parasitic fly. 
During the 2022 field season, we sampled 85 times from May 5th through October 20th across 47 sites, 
19 locations, and 4 cultivars (apple, cherry, nectarine, pear). Samples were collected from each site’s 
ground cover using a modified leaf blower/vac as an insect vacuum. So far, we have sorted out >1500 
leafhoppers (nymphs and adults) and estimate >2000 individual leafhopper samples. Parasitism rates of 
these samples will be evaluated by qPCR once the multiplex assay has been developed and proven to 
accurately work. Meanwhile, we are in the process of sorting out collection vials from the 2022 season 
and preparing samples for molecular testing. Sorting for the first generation (out of 3) is complete (1175 
samples) and it consists of 11 C. m. reductus nymphs, 369 C. m. reductus adults, 1 C. geminatus nymph, 
114 C. geminatus adults, 0 Tomosvaryella sp. adults, 12 Gonatopus sp. adults, and 668 unidentified 
leafhopper nymphs. We expect to finish sorting the 2022 field season samples this winter. These will 



also be coordinated with ongoing cooperative work with USDA ARS to conduct molecular gut content 
analysis to get a fuller picture of the background of each vector and better understand the particular 
habitats in which parasitized leafhoppers are most likely to be found. 
 

• Publications, Handouts, Other Text & Web Products: None so far, but we anticipate developing 
some once we have estimates for percent parasitism of each species. 
 

• Outreach & Education Activities: PI Northfield presented the preliminary research presented 
here to the Washington Tree Fruit Research Commission’s Cherry Research Review as part of an 
update on Little Cherry Disease Taskforce research. PI Northfield co-organized a session at the 
annual meeting of the Washington State Tree Fruit Association. The research described here 
was summarized in the session by Adrian Marshall, a postdoctoral research fellow at WSU. 
 

Impacts  
• Short-Term: Development of a key research tool to optimize research on biological control agents 
• Intermediate-Term: Identification of key biological control agents to account for in integrated pest 

management of X-disease vectors. 
• Long-Term: Development of a sustainable X-disease management program that incorporates 

natural enemies of X-disease vectors. 
 
Additional funding applied for/secured:  

$2 million/year congressional appropriations for collaborative research between WSU and USDA 
ARS Wapato on X-disease and Little cherry disease pathosystems. 
 $295,376 USDA NIFA Crop Protection Pest Management grant combining models and fieldwork 
to better predict X-disease prevalence in plants and vectors. 

  
 
Graduate students funded: Cesar Reyes Corral, PhD student in Entomology Department 
 
Recommendations for future research: Continue evaluating parasitism of X-disease vectors 
through the methods described above. 
 


	Title: Identifying biocontrol agents for X-disease vectors to allow integrated pest management in cherries
	Principal Investigator(s) and Cooperator(s): Tobin Northfield, Entomology, Tree Fruit Research and Extension Center
	Abstract:
	Project Description:
	Outputs
	Impacts
	Additional funding applied for/secured:
	$2 million/year congressional appropriations for collaborative research between WSU and USDA ARS Wapato on X-disease and Little cherry disease pathosystems.
	Graduate students funded: Cesar Reyes Corral, PhD student in Entomology Department
	Recommendations for future research: Continue evaluating parasitism of X-disease vectors through the methods described above.
	Recommendations for future research: Continue evaluating parasitism of X-disease vectors through the methods described above.

