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ABSTRACT 
The composition of microbial communities can have dramatic, but often unappreciated, impacts on crop 
production. In apple crops, surveys indicate that numerous microbe species colonize flowers and nectar, 
which can in turn mediate floral and nectar traits and pollinator behavior. Microbial communities also 
affect the susceptibility of trees to pathogens such as the bacterium Erwinia amylovora, the causal agent 
of fire blight. For example, Blossom Protect is an organic-approved pesticide that inoculates apples with 
a yeast (Aureobasidium pullulans) that may limit subsequent infection by Erwinia through competition. 
However, our prior research suggests that management of Erwinia with Blossom Protect or other 
microbial-based strategies, including the use of antibiotics, could indirectly impact pollination in apples. 
This is because microbes are susceptible to many pesticides used in apples, and pollinators are sensitive 
to the presence of these same microbes. Yet, the extent by which microbes affect nectar traits, 
pollinator behavior, and resulting apple production remain untested. Moreover, the role of disease 
management on nectar microbe communities, and resulting impacts on pollination services, are 
relatively unknown. To address these knowledge gaps, we conducted a series of objectives to examine: 
(1) how apple management practices influence the flower microbiome, (2) the role of different microbes 
on limiting infection of apples with Erwinia, and (3) the indirect effects of microbial communities and 
pathogen management on pollination services and apple production. Our project broadly explored 
linkages between sustainable pathogen and pollination management by identifying new microbial 
strains that could serve as both antagonists for Erwinia and promoters of pollinator foraging behavior. 
These objectives align with WSU’s Sustainable Resources Grand Challenge by identifying optimal 
management schemes to promote production of a key agricultural crop in WA. 

 
PROJECT DESCRIPTION 

OUTPUTS 

 Overview of Work Completed and in Progress: 
 
To date, we have made significant strides in addressing Objectives 1, 2 and 3. In the spring of both 2017 
and 2018, we sampled flower blossoms from both apple and pear orchards. The samples were used to 
assess impacts of orchard management practices on flower microbiome structure, as well as to establish 
a library of microbial isolates which could be used for screening of prospective biocontrol agents of 
Erwinia. This library has been complemented by one existing in the Vannette Lab at the University of 
California Davis, which has hundreds of isolates from both natural and agricultural hosts. With respect to 
Objective 2, a number of isolates have been screened for their effectiveness both in vitro and in vivo in 
limiting Erwinia establishment and growth, and how this effectiveness may vary across environmental 
conditions. Finally, with respect to Objective 3, we have begun screening isolates for their impacts on 
pollinator attraction. These results, combined with those from addressing Objective 2, will be used to 
inform field trials this upcoming spring as part of ongoing work in this system. 
  



 Methods, Results, and Discussion (discussion for final reports only):  
 
Objective 1: Our surveys in 2017 and 2018 involved 9 apple orchards (5 organic, 4 conventional) and 15 
pear orchards (5 each for organic, conventional, and soft IPM approaches) spanning the Wenatchee and 
Yakima Valleys. We expanded our survey to include pear as this crop species is equally susceptible to fire 
blight, and is amenable to experimentation in the lab using cut plant material (see Objective 2). These 
orchards possess considerable variation in pesticide use that is attributable to the type of management 
system employed. In each orchard, in both 2017 and 2018, we destructively sampled open flowers during 
peak apple or pear bloom (sampling 15 trees/orchard). Samples were collected with sterile forceps (floral 
tissue samples) or micro-capillaries (nectar samples). Once returned to the lab, floral tissues were washed 
with sterile buffer solution to dislodge their epiphytic microbial communities. These floral washes (2017 
apple samples) were cultured for characterization and creation of an isolate library for experimentation. 
We also extracted total bacterial and fungal DNA (2018 pear samples), amplified with primers, and used 
Illumina MiSeq and lab-established protocols for bioinformatic processing to characterize the richness and 
diversity of microbes associated with pear flowers in orchards with different management schemes.  
 

 
Figure 1: Non-metric dimensional scaling plots of A) bacterial and B) fungal community composition associated with pear flowers 
collected from orchards with different integrated pest management schemes. 

 
Figure 1: Non-metric dimensional scaling plots of A) bacterial and B) fungal community composition 
associated with pear flowers collected from orchards with different integrated pest management 
schemes.  
 
Our sampling efforts in apple orchards in 2017 yielded a diversity of taxa to be used for establishing a 
library for competitive assays outlined in Objective 2. Dominant fungi included Aureobasidium pullulans, 
as well as Cryptococcus spp. With respect to bacteria, numerous Proteobacteria were recovered, including 
Pseudomonas spp., as well as Pantoea agglomerans, a known competitor of Erwinia. Similar taxa were 
found associated with pear flowers in the 2018 samples. With respect to the pear samples, next-
generation sequencing revealed that orchard IPM schemes had a significant impact on both bacterial and 
fungal diversity, as well as community composition. With respect to diversity, more fungi were found to 
be associated with pear flowers in organic orchards, while the opposite was true for bacteria. As for 
community composition, bacterial (Fig. 1A: F=2.37, P=0.002) and fungal (Fig. 1B: F=2.37, P=0.002) 



communities were found to differ significantly among IPM schemes. This suggests that management of 
tree fruit orchards has strong effects on microbial community composition. 
 
Objective 2: Our collaborative research group obtained a large collection of bacterial and fungal isolates 
from flower surfaces and nectar from both natural and agricultural habitats through culture-based surveys 
conducted between 2016-2018. We screened many of these strains for their effectiveness in suppressing 
Erwinia using two complementary assays, including laboratory competition trials performed in vitro and 
in vivo. In vitro trials were performed to assess potential for antagonist behavior in aqueous conditions, 
as nectaries are the primary site of Erwinia infection, and humid wet conditions are also especially 
problematic (Buban et al. 2003).  
 
Nectar competition assays: To mimic competition in floral nectar, which can prevent Erwinia infection via 
the nectaries, we have conducted a series of sequential inoculation experiments to assess the antagonism 
potential of prospective microbial biological control agents against invading Erwinia. Methods described 
here have been performed previously (Vannette and Fukami 2014). The experiments are performed in 
200-μL PCR tubes and last for 72 hr, mimicking the lifespan of an apple or pear flower. In each tube, we 
add 9 μL synthetic nectar mimicking apple nectar properties and 0.5 μL of a suspension containing a single 
prospective microbe antagonist species (~200 cells). Our control received water only on day 0. To date, 
we have screened 21 fungal isolates (Fig. 2), replicated 8 times for each isolate. Screening of bacterial 
isolates is ongoing. Solutions were dilution plated on LB or YM media for Erwinia and fungal isolates 
respectively, and colony forming units (CFUs) counted. Preliminary results of such analyses are presented 
in Figures 2 and 3.  
 

 
Figure 2: Variation in growth among fungal isolates and Erwinia across nectar environments ranging in total sugar 

concentration. Each panel represents a fungal isolate that Erwinia was competed against. 
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Figure 3:Fungal isolate growth rate (r: A,C) and impacts on nectar (pH: B,D) partially predict Erwinia growth among nectar 

environments (3% total sugar: A,B; 15% total sugar: C,D). 

 
Erwinia performance varied considerably among fungal isolates tested (Fig. 2). A few taxa such as 
Aspergillus fumigatus completely suppressed Erwinia growth, while others were completely ineffective. 
While some of this variation could be attributed to the nectar background (which increases in harshness 
as total sugar concentration increases), Erwinia performance could also potentially be predicted by niche 
traits of the competing species. To assess this, we also measured the growth rate of each fungal isolate in 
each nectar environment, as well as how they impact it, through changes in both nectar pH and resource 
content (ie sugars and amino acids). Using a mixed-modeling approach, we observed that fungal isolate 
growth rate, as well as their impacts on the nectar environment (pH), do indeed explain a portion (~10%) 
of Erwinia performance (Fig. 3). Additional isolate niche traits however may prove to be better predictors 
(Vannette and Fukami 2014). Namely, resource use traits concerning nectar sugars and amino acids. We 
are currently using ultra-performance liquid chromatography to analyze these resources and will update 
our modeling approach to determine whether they are indeed better predictors of Erwinia performance. 
 
Objective 3: Pollinators are sensitive to the identity of microbes that colonize flowers, driven by their 
impacts on attractive traits such as scent and taste. Though microbes have important potential in serving 
as an alternative means of control for Erwinia, their application and presence on flowers could affect 
pollination services and yield through effects on pollinator foraging. Before moving to field trials, we’ve 
begun screening isolates in the laboratory for their effects on pollinator preference, in effort to identify 
candidate agents that are simultaneously effective at repelling Erwinia and attracting pollinators. While 
this work is ongoing, early results suggest that bacteria and fungi can have divergent impacts on pollinator 
preference, through both olfactory and gustatory cues. Briefly, in a comparison between a common floral 
bacterium and yeast, we find that bumble bees (important pollinators of both apple and pear) prefer 
olfactory cues produced by the bacterium, but consume significantly less nectar altered by the same 



species. This finding suggests that volatile and non-volatile metabolites produced by floral microbes can 
shape forager decisions, with potential consequences for the quality of services that they provide.   

 Discussion:  
 
Microbial associates of flowers represent a promising sustainable solution to control of foliar diseases 
such as fire blight. To date, associates such as the yeast Aureobasidium pullulans have been found to 
limit infection of apple and pear flowers by Erwinia through competition. However, the mechanisms 
through which Aureobasidium, as well as other taxa limit Erwinia establishment, in addition to their 
effects on pollination, remain largely unstudied. Here, we aimed to create a pipeline for screening and 
evaluating microbial taxa native to apple and pear hosts for their ability to both prevent Erwinia 
establishment, as well as encourage pollination. Though ongoing, early results suggest that many taxa 
have the potential to limit Erwinia performance, driven by competition for shared resources, and 
competitor impacts on the floral environment. Importantly, our work also provides clear evidence 
regarding the impact of orchard management practices on microbial community composition. Taken 
together, our results provide a framework by which growers can modify their management strategies to 
promote microbial communities that both limit Erwinia and promote pollinator activity. More broadly, 
our work can lead to the development of novel microbial pesticides that may limit Erwinia through 
competition without negatively impacting pollination in tree ftuis. 
 
PUBLICATIONS, HANDOUTS, OTHER TEXT & WEB PRODUCTS: 

 
Schaeffer R, Crowder D, Fukami T, and Vannette R. In prep. Niche-based priority effects mediate microbial 
inhibition or facilitation of a destructive plant pathogen.  
 
Schaeffer R, Beck J, Vannette R, Crowder D. In submission. How do orchard management practices affect 
floral microbiome structure, assembly, and function? Journal of Applied Ecology 
 
Schaeffer R, Fukami T, Vannette R, Crowder D. In submission. Can microbial traits predict Erwinia 
suppression?  Molecular Plant-Insect Interactions. 
 
OUTREACH & EDUCATION ACTIVITIES: 
 
Schaeffer R, Crowder D, Fukami T, and Vannette R. Niche-based priority effects mediate microbial 
inhibition or facilitation of a destructive plant pathogen. 103rd Annual Meeting of the Ecological Society of 
America, New Orleans, LA. Oral Presentation. 
 
We are also currently preparing individualized reports for each grower of the flower microbiome 
associated with their orchard. The aim of these reports is to inform them of how their management 
practices shape flower microbiome structure and diversity, as well as discussion on potential 
consequences for fire blight infection risk. 
 
IMPACTS  
Short-Term:  (1) Determined how orchard management practices, including organic/conventional 
production and pesticide-use intensity affect microbial colonists of apple flowers and nectar; (2) 
Assessed effects of variation in microbe communities on resistance to Erwinia in the laboratory and 
field; (3) Evaluated how variation in microbial community structure affects pollination services and apple 
yields; (4) Delivered results to growers through field days and incorporation in the WSU Decision Aid 



System; (5) Trained two PhD students in bioinformatics and sequencing; (6) Wrote and submitted 
research proposals to conduct broader investigations of microbial mediation of tree fruit production. 
Intermediate-Term: (1) Incorporation of putative Erwinia-antagonists into field trials for fire blight, in an 
ongoing effort to identify novel and cost-effective control options for organic and conventional growers; 
(2) Increased use of microbial "biological controls" for fire blight control on at least 25% of apple and 
pear orchards; (3) Documented decreases in applications of antibiotics or synthetic chemicals for fire 
blight control; (4) More complete integration of results into the WSU DAS system (Decision Aid System 
for Tree Fruit Growers), whereby growers can query the system to determine the impacts of different 
microbial strains on Erwinia resistance and pollination services. 
 
Long-Term: (1) Widespread adoption (> 50% of orchards) of biologicals incorporating microbes for 
Erwinia resistance and pollinators in apple orchards; (2) Expansion of research into other crops affected 
by fire blight, such as pears; (3) Phasing out of antibiotics for fire blight control in conventional apple 
orchards by replacing them with more environmentally-friendly options; (4) Commercialization of new 
products to diversify management options for growers; (5) Establishment of WSU as a leader in the use 
of microbes for integrated control of diseases and pollinators. 

 
ADDITIONAL FUNDING APPLIED FOR / SECURED 
 
Applied for, but unsecured: Development of improved antagonists for control of fire blight in apple and 
pear (PI: R Vannette, co-PIs: D Crowder, J Beck, K Johnson, Cooperating personnel: R Schaeffer 
($325,000) California Department of Food and Agriculture, Specialty Crop Multi-State Program 
 
Applied for, and secured: Screening potential antagonists for fire blight control (PI: R Vannette; 
Cooperating personnel: R Schaeffer, J Beck, S Lindow) ($9972) California Pear Commission 
 
Applied for, pending: Sustainability of organic, mixed crop-livestock, and conventional agricultural 
production systems (PI: D Crowder) ($500K). USDA Foundational Program. 
 
GRADUATE STUDENTS FUNDED 
 
We attempted to recruit a graduate student to work on these objectives, and had selected a student for 
admission but they unfortunately had to withdraw from WSU for personal reasons. However, the 
project involved three graduate students in the Crowder laboratory who helped collected the orchard 
samples (Robert Orpet, Abigail Cohen) and conduct the bioinformatics (Ben Lee). Postdoctoral scholar 
Robert Schaeffer helped mentor all of these students. 
 
RECOMMENDATIONS FOR FUTURE RESEARCH 
 
Our research has identified multiple microbial species that appear to inhibit the growth of Erwinia in the 
laboratory. The next step is to conduct field-based trials with these species to determine their effects in 
real-world orchard settings. This will reveal which of the microbial species can be effectively deployed 
for use as microbial pesticides in Washington orchards. Second, we need to continue to explore the 
potential effects of each microbial species on bee pollinators (this work is ongoing), to identify which 
species provide “win-wins” for growers (i.e., species that both inhibit Erwinia and promote pollination). 
Finally, more work is needed to identify specific combinations of practices that promote “desirable” 
microbial communities in both conventional and organic apple and pear orchards. These ongoing efforts 
could provide considerable benefits for the tree fruit industry. 



 


