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Abstract

Improvements to agricultural sustainability are required to maintain productivity in the face of
ongoing global challenges, and growers need multiple kinds of support to adopt new sustain-
ability practices and transform cropping systems. Farms are socio-ecological systems, and
developing such systems requires tandem changes to human and nonhuman systems. This
study evaluates agricultural sustainability practices and perception in the Oregon hazelnut
industry, a small, intensified, and rapidly growing orchard production system in the United
States. Using a mixed methods approach based on participant observation and an online survey
of hazelnut growers in the spring of 2023, we found that growers were widely receptive to the
sustainability messaging of industry groups and had widespread adoption of certain sustain-
ability practices including disease-resistant tree varieties and changes in pesticide use, among
other practices promoted by researchers. Larger hazelnut growers were more likely to adopt the
sustainability practices in our survey, especially certain pest management practices. Growers
with older hazelnut orchards turned to more sources of information but also perceived more
barriers to implementing new sustainability practices than growers with younger orchards.
Growers voiced different opinions about sustainability costs, with some growers expressing
economic concerns about sustainability practices and others recognizing the financial benefits of
sustainability practices. Differences in the perceived importance of short- and long-term benefits
framed some of these concerns about the costs and benefits of sustainability practices. We argue
that successful sustainability outreach will address both the short-term economic benefits of
certain practices and the long-term sustainability benefits. Growers widely recognize the
importance of sustainability, but more messaging about the multiple benefits of sustainability
practices can better address both environmental and economic concerns.

Introduction

Agricultural development is central to ongoing sustainability challenges such as climate change,
land use changes, and biodiversity loss (Haring et al., 2023). The rapid growth of certain cropping
systems and agricultural sectors can shape how working lands are managed and have landscape-
wide effects on ecological processes. For example, transitions from annual cropping systems to
perennial cropping systems will have dramatic consequences for soil health (e.g., less tillage),
hydrology (e.g., less need for irrigation), wildlife habitat (e.g., year-round ground cover), and
many other ecological factors (Schulte et al., 2006).

Socio-ecological systems

Given that agroecosystems are socio-ecological systems (Blesh andWolf, 2014; Lomba et al., 2020),
farm management and farmers’ attitudes toward sustainability dictate many of the ecological
changes associated with a large-scale cropping system transition (Prokopy et al., 2008). Under-
standing these perspectives and attitudes can improve the success of sustainability efforts to help
farmers adapt to changing climates and developing industries (Godfray and Garnett, 2014; Piñeiro
et al., 2020). Researchers and extensionists have an imperative to attend to multiple aspects of
ecological, biological, and sociopolitical sustainability in order to address farmers’ complex needs
within multifaceted agroecosystems (DeLonge et al., 2016; Gould et al., 2018).

Acting within the context of socioecological systems, farmers can be attentive to both the risks
and benefits of a new practice, and effective sustainability outreach should address both in ways
that incentivize more sustainable management decisions (Arbuckle and Roesch-McNally, 2015).
However, significant headwinds for individual growers, such as economic challenges, agronomic

Renewable Agriculture and
Food Systems

www.cambridge.org/raf

Research Paper

Cite this article: Haring S.C., Aoyama L., Lane-
Massee M., Ponisio L.C., and Hallett L.M. 2025.
Agricultural sustainability requires
multidimensional solutions that address
environmental and financial benefits in the
Oregon hazelnut industry. Renewable
Agriculture and Food Systems, 40:e10, 1–12
https://doi.org/10.1017/S174217052500002X

Received: 10 June 2024
Revised: 21 August 2024
Accepted: 13 January 2025

Keywords:
Agroecology; diversified farming;
environmental attitudes; farmer perspectives;
sustainable agriculture

Corresponding author:
Steven C. Haring;
Email: steve@virginiaag.com

© The Author(s), 2025. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

https://doi.org/10.1017/S174217052500002X Published online by Cambridge University Press

https://orcid.org/0000-0001-6249-1368
https://doi.org/10.1017/S174217052500002X
mailto:steve@virginiaag.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1017/S174217052500002X


challenges, and resistance to change, affect the adoption of many
agricultural sustainability practices at multiple levels within agro-
ecosystems (Rodriguez et al., 2009). For example, row crop farmers
cite several ecological benefits of a sustainability practice like cover
crops, but these benefits are frequently clouded by multiple con-
cerns about time/labor, knowledge about species selection, and cost
(Myers and Watts, 2015; O’Connell et al., 2015).

Helping farmers adopt new sustainability practices is a major
focus of agricultural extension organizations, and extension organ-
izations continue to focus on outreach based on technology transfer
and diffusion of innovation. Recent sustainability trends necessitate
updates to these extension modalities so that they rely less on top-
down approaches to farmer outreach and place more emphasis on
the several socioecological systems factors inherent in sustainable
agricultural practices (Röling and van de Fliert, 1994; Neill and
Lee, 2001). Continued efficacy of grower outreach programs
depends on revising extension approaches to better address the
values and concerns of growers adopting new sustainability prac-
tices, such as circular models of extension that allow for embed-
dedness and feedback between researchers and practitioners to
more fully address the socioecological complexity of agroecosys-
tems (Warner, 2008)

The development of sustainability practices across a region is
not just the emergent practices of neighboring farmers but rather
the outcome of complex social networks (Jarosz, 2000; Parks,
2022). Farmer perceptions of sustainability are built on multifa-
ceted value systems affected by information sources, previous
experiences with certain management practices, adherence to
broader farm management frameworks, and many other socio-
ecological factors (Wayman et al., 2017; Dentzman and Jussaume,
2017). Cooperation among growers to form new information
networks is a hallmark of effective agricultural sustainability
(Lubell et al., 2011).

One outcome of such complex socioecological systems is unin-
tended consequences that “lock-in” certain patterns of practice,
potentially failing to include certain valuable sustainability strat-
egies or creating other resilient, undesirable outcomes (Dornelles
et al., 2020). For example, modern agricultural systems have often
locked in intensified, high-input, highly specialized practices for
sustainability, to the exclusion of many practices that use agricul-
tural land to promote noncrop biodiversity. While most growers
generally value sustainability, it can be difficult to materially
change production practices because of the specific, idiosyncratic
factors affecting how farmers view a new management practice as
sustainable.

Research context and questions

The Oregon hazelnut industry provides a valuable study system for
analyzing how swift changes in farming practices create implica-
tions for sustainability. Importantly, this study system represents a
relatively small, tight-knit group of growers who are collectively
experiencing demographic shifts within their industry connected to
rapid growth, inflow of new farmers, and increasing connection to
global markets.

Ultimately, new sustainability practicesmust address both farm-
ers’ operational concerns and real ecological challenges, and our
objective is to identify what factors can motivate such “win-win”
scenarios that lead to industry-wide agricultural sustainability
improvements. In theWestern United States, highly visible, region-
ally specific technical information has been shown to support the
adoption of novel sustainability practices (Durant et al., 2021;

Lavoie et al., 2021; Petrzelka et al., 2024), and Oregon hazelnuts
provide another unique opportunity to demonstrate how growers
connect with new sustainability messaging.

As farmers and land managers face more acute challenges
caused by climate change and other factors, there is a growing need
to understand the decision-making behind sustainability practices
in large-scale, rapidly changing cropping systems. What sustain-
ability practices are typically practiced on farms with different farm
characteristics?What information sources are associated with these
different farms? What do farmers in a rapidly changing industry
care about regarding agricultural sustainability?

In this study, we attempt to answer these questions using a
mixed methods survey that relies on quantitative modeling and
close analysis of free-response questions. This study contributes to a
body of literature analyzing growers’ perspectives and behaviors on
environmental stewardship by highlighting critical opportunities
for multidimensional agricultural outreach that can address mul-
tiple agronomic, economic, and ecological issues within transform-
ing industries.

Methods

Study system

In the Willamette Valley, Oregon, USA, the rapid development of
the hazelnut industry has created an important case study for
agroecosystem transitions. This area is home to over two-thirds
of Oregon’s population as well as a diverse and productive agricul-
tural region home to various crops including grass seed, small
grains, winegrapes, berries, hops, stone fruit, and hazelnuts.

Hazelnuts have become an increasingly important commodity
within this system. Over 99% of the United States’ hazelnut pro-
duction is concentrated in the Willamette Valley, and hazelnuts
represent the fourth most widely grown crop in Oregon behind hay
and wheat (much of which are grown in areas of Oregon outside of
the Willamette Valley), as well as grass seed (National Agricultural
Statistics Service, 2019). While hazelnuts have been grown com-
mercially for over a century, the hazelnut production area wasmore
than doubled in the 2010s to nearly 30,000 ha. This growth has been
spurred by several technological advancements in hazelnut pro-
duction (Silvestri et al., 2021) alongside broader growth in multiple
tree nut industries across the Western US to meet growing con-
sumer demand and leverage economic and agronomic advantages
of orchard crops (Asci and Devadoss, 2021). Doubling of hazelnut
acreage in the previous decade has created an opportunity for long-
term changes in sustainability practices, as many farmers care for
an influx of young trees and consider the multidecade effects of
their management practices.

The Oregon State University Extension Service and professional
organizations like the Nut Growers Society of OR, WA, & BC have
worked for decades to support the growth of the hazelnut industry
(Mehlenbacher andOlsen, 1997). These groups have focused on the
sustainable growth of the industry, such as through sustainability
improvements like the development and promotion of integrated pest
management practices (including Eastern Filbert Blight-resistant
hazelnut varieties, which reduce the need for fungicide applications,
and improved sanitation and management of filbertworms), denser
tree spacing systems for increased yield, drip irrigation, and a broad
focus on soil health. Targeted development of such sustainability
practices, coupled with coordinated growth in the hazelnut industry,
has created a production system that is relatively centralized com-
pared to similar specialty crop production systems.
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Survey design

To evaluate hazelnut growers’ perceptions of sustainability prac-
tices, we conducted an online survey of Nut Growers Society of OR,
WA, & BC (Oregon,Washington, and British Columbia) members.
The Nut Growers Society is a professional society representing the
interests of hazelnut growers in Oregon and the Pacific Northwest;
it is the largest voluntary organization of Oregon hazelnut growers.
TheNutGrowers Society is part of an industry-funded research and
promotion organization that supports the hazelnut industry and
gives feedback to affiliated organizations, including the Hazelnut
Marketing Board and the OregonHazelnut Commission (Industry,
n.d.). In particular, the Oregon Hazelnut Commission is funded by
an assessment of hazelnuts sold within Oregon and uses this
funding to support hazelnut research. In turn, the Nut Growers
Society arranges several educational events each year to support its
grower members, including significant programming related to
sustainability research funded by the Oregon Hazelnut Commis-
sion and performed at Oregon State University.

We developed this survey based on over 2 years engaged in
participant observation of the hazelnut industry, beginning with
cooperative field research with hazelnut growers (Penkauskas et al.,
2022). Subsequently, the authors spent hundreds of hours working
directly with commercial hazelnut growers and attending hazelnut
industry events. Additionally, we developed an additional research
relationship with a multigenerational hazelnut farm that generated
informal interviews and detailed field experience. Experiences at
multiple grower events, especially in the summer of 2022 and
winter of 2023, allowed us to observe sustainability messaging
and development within the industry. We analyzed materials at
these events to identify critical themes and sustainability practices
that were repeatedly brought up at these events. We used partici-
pant observation as the basis for survey design, and we limited
questions in our survey only to sustainability practices and sustain-
ability narratives that we observed being formally discussed at
several industry events.

Survey administration

We recruited survey participants by sending 431 postcards to Nut
Growers Society Members in March 2023. We used addresses as
maintained by the Nut Growers Society, and we excluded any
addresses that were outside of Oregon or had institutional affili-
ations that identified the recipient as someone not affiliated with a
farm (e.g., government officials, agricultural researchers, rural
financial institutions). Additionally, we recruited participants from
four in-person informational events in March and April 2023, two
of which were sponsored by the Nut Growers Society and two of
which were sponsored by a hazelnut processor. We sent postcards
and distributed business cards, respectively, that had QR codes and
a shortened web address to link to our survey site. We discontinued
survey recruitment in April 2023 to accommodate concerns about
duplication of efforts between this survey and the hazelnut indus-
try’s Oregon Hazelnut Stewardship Program.

The survey was conducted in April and May 2023. We used the
online survey software Qualtrics to ask matrix multiple-choice
questions and open-ended questions. We asked matrix questions
to identify the sustainability practices used on participants’ hazel-
nut farms, the barriers they associated with each practice, and the
perceived expertise and information that is influential for adopting
new sustainability practices. We also asked open-ended questions
about the factorsmotivating the adoption of sustainability practices

and perceived changes to hazelnut sustainability in the past and
future. Finally, we asked questions about the operational charac-
teristics of participants’ farms. Questions and their possible
responses are listed in Table 1. Survey participants were offered a
$20 gift card as an incentive to promote completion of the survey
(Ryu et al., 2006). Participants were required to provide an email
address in order to receive the incentive, but no other personally
identifiable information was collected.

Table 1. List of questions asked of hazelnut growers in an online survey
administered through Qualtrics in the Spring of 2023

Question
number Question text Response type

Page 1: Sustainability practices

1 Which of these orchard
sustainability practices do you
currently use?

Matrix table (values
displayed in Fig. 2)

2 What barriers do you associate with
each of these sustainability
practices? (mark all that apply)

Matrix table (values
displayed in Fig. 4)

3 What factors motivate how you
implement sustainability
practices on your farm?

Open-ended text box

Page 2: Sustainability challenges

4 How much do you value the
following information or
incentives when learning about
new management practices?

Matrix table (values
displayed in Fig. 3A)

5 How frequently do you rely on
expertise from the following
groups when considering new
management practices?

Matrix table (values
displayed in Fig. 3B)

6 How do you think changes to
hazelnut production in the last
several decades have impacted
sustainability of the industry?

Open-ended text box

7 How do you think hazelnut
production will have to change in
the next 50 years in order to
maintain sustainability?

Open-ended text box

Page 3: Demographics

8 About how many acres of hazelnuts
do you farm?

Multiple choice (values
displayed in Fig. 1B)

9 About what percentage (%) of your
orchards fall into each of the
following age classes?

Form field (values
displayed in Fig. 1A)

10 What other crops do you farm?
(mark all that apply)

Multiple choice

11 In what counties do you farm
hazelnuts? (mark all that apply)

Multiple choice (values
displayed in Fig. 1D)

12 Briefly describe your role in the farm
operation and any other
information about your farm that
you think is important

Open-ended text box

13 If you want to receive a $20 Amazon
gift card for your participation,
please enter your email address
here. We will not use, distribute,
or save your email address for any
other purpose

Short text box
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We received 64 responses, with a response rate of 14.8%. Our
respondents represented over 10% of our targeted Nut Growers
Society membership and about 3.7% of the 1331 hazelnut-
producing operations recognized by the Census of Agriculture
(National Agricultural Statistics Service, 2019). We removed
responses that were mostly incomplete, though we did include
two responses that were partially incomplete but seemed other-
wise accurate. We also removed a demographic question response
that reported apparently inaccurate information, namely having
orchard age categories that added up to significantly more
than 100%, but we maintained the rest of this participant’s
responses. We also checked responses for completion time and
automated data quality checking for fraud and computer-
generated responses in Qualtrics, and we did not remove any
responses based on these tests. Based on these quality criteria,
there were slight variations in response counts to the summary
data presented below (Figs. 1–4), but our statistical analyses used
49 complete, high-quality responses.

Data analysis

Analyses were conducted in R 3.4.3 (R Core Team, 2023). We used
the qualtRics package to download data fromQualtrics (Ginn et al.,
2022), and we manipulated and visualized data with the tidyverse
packages (Wickham et al., 2019). To assess how farm characteristics

affect sustainability practice use, we modeled the number of sus-
tainable practices a grower employed as predicted by farm charac-
teristic variables. In order to be included as a sustainability practice,
growers could have responded that they used each practice “in some
orchards” or “everywhere”. The farm characteristics we analyzed
were approximate farm size, average age class of orchards on each
farm, number of other crops grown on the farm, and growing
regions (north, mid, or south Willamette Valley). Farm size and
orchard age were modeled as continuous variables because survey
questions were designed to assess these variables based on equal
intervals of practical importance (e.g., the difference between a
50- and 51-year-old orchard is less important than between 3-
and 4-year-old orchards, and the question design accounts for such
differences). We fit a generalized linear model (GLM) with a quasi-
Poisson distribution using the glm function from the stats package
(R Core Team, 2023). We visually checked model assumptions
using the plot function from base R as well as the check_model
function from the performance package (Lüdecke et al., 2021).

Next, we focused on farm size, which we determined to be a key
farm characteristic in the above analyses, to evaluate if any specific
sustainability practices were implemented differently across differ-
ent kinds of farms. We created separate logistic regressions for each
sustainability practice to determine if the use of each practice
differed across farm sizes. These tests were implemented by using
each sustainability practice as a binary response variable and farm

Figure 1. Charts showing the farm characteristics of respondents to a survey of hazelnut growers. (A) Age of hazelnut orchards. Each point represents the percentage of orchards on
each farm that fall into that particular age class. Each grower’s responses should add up to 100% across the categories, though some variation due to self-reporting and rounding
may exist. (B) Approximate number of hazelnut acres under management. Bar height represents the number of responses in each category. (C) Number of crops other than
hazelnuts grown on each farm. Bar height represents the number of responses in each category. (D) The county location of each respondent. Bar height represents the number of
responses in each category. Counties are listed in descending order of hazelnut production (Marion County produces more hazelnuts than any other counties in Oregon, etc.).
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size as a continuous predictor within the glm function from stats,
with significance set at P = 0.05 and a Bonferroni correction for
multiple comparisons.

To assess how farm characteristics affect factors related to sus-
tainability outreach, we used hierarchical clustering as a data reduc-
tion technique to group similar responses together. We created one
cluster analysis for perceived barriers to sustainability practices
(Question 2) and one cluster analysis including both valued infor-
mation (Question 4) and valued expertise (Question 5). For each
cluster analysis, we calculated pairwise distances comparing the
similarities of each response to all other responses using Gower’s
formula with the daisy function in the cluster package (Maechler
et al., 2022), which standardized Likert-type responses to these
questions onto a common scale. Then, we clustered those pairwise
distances using hclust from stats based on the ward.D2 method.
Lastly, we visually inspected results with pheatmap (Kolde, 2019)
to choose the appropriate number of clusters. We created a GLM
with a binomial distribution that used either information/expertise
or barriers clusters as the binary response variable (both cluster
analyses produced two clusters of responses) and farm characteris-
tics, as described in the previous paragraph, as predictors.

Qualitative data from open-ended questions were analyzed by
coding in two stages by one member of the research team. First, we
closely read responses to identify emerging themes based on the
descriptive and affective narratives contained within each response.
Then, we read responses to assign them to coded themes and select
representative quotes. All authors reviewed selected quotes to
demonstrate the breadth of viewpoints we received in our survey.

Results

Summary results

The raw results from the survey indicate that our respondents had
young orchards planted within the last decade and a decreasing
number of older orchards (Fig. 1A). This result is in line with
industry estimates that over 36% of hazelnut acres have young trees
that are nonbearing (National Agricultural Statistics Service, 2019);
hazelnut orchards reach bearing maturity between about 4 and
10 years of age. Survey participants were largely comprised of
growers from small farms (11–50 acres of hazelnuts) and moder-
ately large farms (101–250 acres) (Fig. 1B).Many growers grew only

hazelnuts, while many had operations comprising of hazelnuts and
one, two, or three other crops (Fig. 1C). Respondents came from
every county in the Willamette Valley (Fig. 1D).

Our results indicate that several sustainability practices we asked
about were used on some level by over half of the respondents
(Fig. 2). Particularly, Eastern Filbert Blight-resistant tree cultivars
and integrated pest management were widely used (Fig. 2). Relat-
edly, less-toxic pesticides were also attempted by most growers,
though not used across entire farms as frequently (Fig. 2). Cover
crops, drip irrigation, and wildlife habitat were other practices
widely attempted but not necessarily adopted across entire farms
(Fig. 2). Filbertworm mating disruption and organic soil amend-
ments were less likely to have been adopted by growers (Fig. 2).

Most growers’ perceptions of sustainability practices were
informed by multiple sources of information (Fig. 3A). Import-
antly, field demonstrations, personal experiences, and research
presentations were universally seen as important, while third-party
certifications were seen as less important than other factors
(Fig. 3A). Likewise, growers valued expertise of many different
information sources (Fig. 3B), with nearly everyone agreeing on
the importance of the Nut Growers Society, Oregon State Univer-
sity Extension, and other growers.

Growers perceived a wide variety of challenges associated with
these sustainability practices (Fig. 4). Notably, expense was the
number one concern for all included practices except for integrated
pest management (Fig. 4). Interference with orchard management
was generally the second greatest concern, except for filbertworm
mating disruption and integrated pest management where lack of
technical support was more important (Fig. 4). Growers generally
agreed that they have heard of these practices and that they do
improve orchard sustainability (Fig. 4).

Farm characteristic impact on sustainability practices

When analyzing the effect of farm characteristics on number of
sustainability practices used, only farm size was associated with the
number of sustainability practices used (Fig. 5). We did not detect
influence from orchard age, number of other crops grown, and
region (Fig. 5). In general, respondents with larger orchard acreages
were more likely to report implementing more sustainability prac-
tices. Given our finding that farm size was a key farm characteristic,
we evaluated whether farm size had a relationship with growers

Figure 2. Bar chart showing use of certain sustainability practices by hazelnut growers. Bar height represents the number of respondents who use each practice, and darker colors
indicate higher levels of implementation of each practice.
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who practice specific sustainability practices in our survey. We
detected differences in the average farm size of users and nonusers
of two practices: integrated pest management and less-toxic pesti-
cides (P = 0.004 for both, Fig. 6). Larger farms were more likely to
have reported implementing these practices. These practices are
conceptually similar, and there was significant overlap between
users and nonusers of both practices, though there were several
individual respondents that differed between the two practices.

Farm characteristic impact on sustainability messaging

When analyzing clusters of responses about valuable sustainability
information and expertise, we found that our respondents were
best described by two clusters (Fig. 7A). One cluster represented
most respondents, who commonly reported the value of research

presentations, field demonstrations, and personal experience of
other growers. The other, smaller cluster of growers reported
several additional important sources of sustainability informa-
tion, including trade shows and other media. Growers with older
orchards were more likely to fall into the latter group (Fig. 7B).

When analyzing clusters of responses about barriers to sustain-
ability, we found that our respondents were best described by two
clusters (Fig. 8A). Respondents in both groups reported barriers
associated with the cost of implementing less-toxic pesticides,
filbertworm mating disruption, and cover crops and with chal-
lenges integrating cover crops and drip irrigation into existing
production systems. Additionally, respondents in the smaller group
commonly reported several challenges in finding technical support
and skilled labor or appropriate machinery to implement practices
like organic soil amendments, habitat for native species, and

Figure 3.Bar chart showing howmuch hazelnut growers value certain information or incentives (A) or certain expertise fromexternal stakeholders (B)when considering agricultural
sustainability practices. Bar height represents the number of respondents for each category, and darker colors indicate higher levels of value for each category.

6 Steven C. Haring et al.

https://doi.org/10.1017/S174217052500002X Published online by Cambridge University Press

https://doi.org/10.1017/S174217052500002X


filbertworm mating disruption. Growers with older orchards and
from the southern Willamette Valley were more likely to belong to
this group which reported several additional sustainability barriers
(Fig. 8B).

Sustainability practice implementation

When asked to describe qualitatively how producers decide how
to implement sustainability practices, cost was a prevailing issue.
Money and economics were portrayed in multiple different ways,
including explicitly through references to money or cost–benefit
analysis as well as less directly by referring to tradeoffs against
crop yield or productivity as well as specific costs like labor.
Several growers included economic factors as exacerbating other

concerns, such as those related to broader regulatory factors
affecting farmers:

“[C]osts and whether they actually work not just a practice
brought to us from the federal government that works in the
[M]idwest but is marginally effective here in the [W]illamette
[V]alley”

While the majority of growers seemed to be referring to short-term
sustainability costs, several growers identified long-term or systems
approaches to considering sustainability costs:

“If there are long term benefits that outweigh the short term
costs. If there are funding programs available to help imple-
ment certain practices or develop the infrastructure needed”

Figure 5. Coefficient estimates (points) and 95% confidence intervals (lines) for different farm characteristic effects on the number of sustainability practices used on each farm, as
estimated by a generalized linearmodel with a quasi-Poisson distribution. Positive relationships (coefficient estimates further to the right) indicate a general increase in the number
of sustainability practices implemented relative to other farms with lower values for each farm characteristic.

Figure 4. Bar chart showing growers’ perceived barriers to implementing eight different hazelnut sustainability practices. Bar height represents the number of respondents who
selected each barrier.
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Lastly, a few growers also brought about adherence to broader
sustainability frameworks as they relate to the cost of sustainability:

“We are progressing down the path of regenerative ag. We
believe in it fully, but it’s a learning process, so we don’t want
to get too far over our skis and have insurmountable failures/
learnings. And the price of hazelnuts is currently a huge barrier.”

Previous sustainability changes

When asked about perceived changes to hazelnut system sustain-
ability, growers provided a range of positive and negative answers.
Growers asserting that hazelnut production has become more sus-
tainable typically focused on the widespread adoption of a particular
sustainable technology, especially including blight-resistant trees.

Figure 6. Box plots showing the farm size of users and nonusers of each sustainability practice included in our survey of hazelnut growers. Center lines represent the median farm
size, hinges represent the upper and lower quartiles, andwhiskers represent the range of data within 1.5 times the interquartile range. Panels with asterisks represent sustainability
practices with a significantly different farm size between users and nonusers of that practice.

Figure 7. Charts summarizing patterns of valuable sustainability information and expertise reported by Oregon hazelnut growers. (A) A dendrogram depicting similarity of
responses among growers. Each branch on the left represents one growers’ response, and distances between pairs of responses are based on Ward’s Distance. Greater distances
between individual responses indicate greater dissimilarity in the pattern of valued sustainability information and expertise from those growers. (B) Coefficient estimates (points)
and 95% confidence intervals (lines) for different farm characteristic effects on the groupings of similar responses to valued sustainability information and expertise. Positive
relationships (coefficient estimates further to the right) indicate a general increase in the number of sustainability information sources viewed as important relative to other farms
with lower values for each farm characteristic.
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One grower identified several specific sustainability technologies that
were also highlighted by other growers:

“The development of new varieties has helped the industry
survive. Less-toxic chemicals have maintained more [benefi-
cial insects] within the orchard. Better fertilizers allow us to do
more with less.”

Similarly, growers concerned about hazelnut sustainability tended
to focus on the impacts of a few specific technologies, several of
which overlapped with the technologies highlighted by those grow-
ers with positive outlooks:

“Largely detrimental, too much soluble fertilizer, largely
applied at the wrong times. Massive amounts of soil compac-
tion and erosion. Bare soil being the predominant practice is
horrible for soil health. Little to no regard for soil biology.”

“I am horrified at the erosion [I] see in the bare ground
between trees. Especially since the excuses of difficult to
harvest are pretty shallow as we’ve been harvesting on cover
crop our entire orchard life.”

Lastly, a few growers acknowledged contrasting opinions about
the overall trajectory of hazelnut sustainability and once again
framed these costs and benefits alongside explicit economic
concerns:

“I think it’s going in the right direction unfortunately our
markets haven’t grown as fast as our production. It would be
great to keep working on solutions at breeding that will help
down the road to sustainability such as less suckering trees, less
need for hand pruning, drought tolerant, wet soil tolerant, etc.”

“The industry has shifted to a much greater emphasis on
shorter term orchards and higher [yields] supported by
increased inputs and higher technology. This will require
more emphasis on sustainable practices to offset the greater
environmental impacts. Older low impact growers and prac-
tices have been displaced. Recent declines in prices may
reverse this trend in part.”

Future sustainability changes

When asked about speculated upcoming changes to hazelnut sus-
tainability, many growers focused on the future development of
specific technologies, especially those related to pest, water, and
nutrientmanagement. These responses displayed techno-optimism
that new technologies would obviate the need for broader changes
in hazelnut production:

“The main thing is being smart with water and advancing in our
knowledge of chemical use. Beingmore strategic with our chem-
icals and finding better delivery method of said chemicals.”

In contrast, several growers did highlight the need for larger shifts
to the production system:

“To sustain by definition means to maintain the status quo, to
regenerate means to improve. Just maintaining won’t cut it,
orchards are so degraded that they won’t be viable for another
50 years withoutmassive wholesale change and rethinking and
relearning everything we thought we knew about hazelnut
farming. We, on our farm, are currently in the middle of this
and it’s an extremely exciting journey, but not for everyone,
farmers have to be willing and desirous of learning how to
farm completely different than they do today.”

Additionally, several growers highlighted the connection between
hazelnut production practices and broader societal issues. These
growers called for the development of newmarketing opportunities
for hazelnuts and underscored the importance of local decision-
making within the hazelnut industry:

“I think the way the farmer is paid will need to renegotiated or
there will be a huge reduction in those farming. Packers and
processors should not be protected from lowered prices. If the
growers receive 40% of the prior years payment, perhaps the
processors should take a hit as well.”

“[K]eep big government out of it. [L]et ag be profitable and we
will adapt to any changes with help from our consultants
private and local government [such as OSU extension.]”

Figure 8. Charts summarizing patterns of perceived barriers to sustainability reported by Oregon hazelnut growers. (A) A dendrogram depicting similarity of responses among
growers. Each branch on the left represents one growers’ response, and distances between pairs of responses are based on Ward’s Distance. Greater distances between individual
responses indicate greater dissimilarity in the pattern of perceived sustainability barriers from those growers. (B) Coefficient estimates (points) and 95% confidence intervals (lines)
for different farm characteristic effects on the groupings of similar responses to perceived sustainability barriers. Positive relationships (coefficient estimates further to the right)
indicate a general increase in the number of perceived sustainability barriers relative to other farms with lower values for each farm characteristic.
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Discussion

Our study indicates that cost is a critical factor driving the imple-
mentation of agricultural sustainability practices on hazelnut
farms. For sustainable practices to satisfy producers’ operational
expectations, researchers and extensionists must address economic
concerns. The sustainability practices in our study were generally
recognized as sustainable and widely implemented by our respond-
ents, which was expected given that we selected practices already
promoted by the hazelnut industry.

Impact of large farms

Larger farmers reported implementation of more sustainability
practices, which challenges narratives that small farms are better
equipped to implement sustainability practices (Guthman, 2000;
Prokopy et al., 2019; Ranjan et al., 2019). Larger operations might
have the financial capital to invest in implementing sustainable
practices. Farms with older hazelnut orchards not only reported
using more information sources for sustainability decision-making
but also reported more challenges associated with the adoption of
sustainability practices. This trend could be influenced by a com-
bination of historical management practices or unique economic
factors for older operations. Likewise, growers in the southern
Willamette Valley reported more sustainability barriers, which
could be influenced by specific regional challenges.

Hazelnut growers have experienced multiple rapid changes in
their industry, leading to different ways of approaching sustain-
ability and agroecosystemmanagement. In particular, the increased
implementation of integrated pest management and less-toxic
pesticides on larger farms corroborates the importance of economic
issues. Integrated pest management and less-toxic pesticides are
both practices that can be expensive and complicated to implement,
necessitating integrative outreach programs and whole-farm plan-
ning to facilitate adoption (Schroeder et al., 2018). In addition to
bearing extra production costs, these practices require growers to
modify long-standing aspects of their production systems despite
the risk of immediate negative outcomes (e.g., increases in pest
damage, pesticide failures). While larger farms might better afford
the expense of adopting new pest management practices, they also
could be adopting new practices to avoid the higher costs associated
with older practices that have more negative impacts across bigger
farms.

Impacts and barriers of specific practices

In other cropping systems, changes to pest management programs
can be challenging to implement, because growers commonly
adhere to techno-optimism that new, singular pest management
solutions can obviate the need for broader sustainability improve-
ments to pest management programs (Dentzman et al., 2016). Cost
was an especially acute concern in the hazelnut industry during the
time of the survey, after a decade of growth and high prices gaveway
to increased production costs and low prices (Allen, 2023), and
findings in this study related to economics could be driven, in part,
by pessimism about the contemporaneous price of hazelnuts.

Practices like Eastern Filbert Blight-resistant varieties are widely
adopted in the hazelnut industry, in part, because they can be
implemented for little cost at the time of orchard establishment.
Disease-resistant tree varieties exemplify a sustainability practice
that satisfies several requirements for widespread adoption because
they achieve positive sustainability outcomes during regular
orchard establishment practices while also producing short-term

economic benefits for the grower through reductions in the amount
of fungicide purchased for the farm. In contrast, sustainability
practices like cover cropping have somewhat more uncertainty in
terms of economic payoffs, and additional research and outreach
efforts that specifically demonstrate economic value could bolster
cover crop adoption.

Differences in sustainability perceptions and information
between growers with young and old orchards further highlight
the importance of identifying opportunities for additional sustain-
ability implementation during the rapid expansion of the hazelnut
industry; growers with younger orchards generally identified fewer
sustainability barriers and using generally fewer information
sources, and thus would be potentially well served by additional
sustainability outreach efforts.

Win-win sustainability solutions

Growers’ collective response to ongoing economic challenges
underscores the importance of not just finding sustainable solu-
tions that are cost-effective in the short and long terms but also
convincing growers that adoption of these solutions is good for the
bottom line. Our survey results highlight the connectedness of the
Oregon hazelnut industry, and many studies confirm the import-
ance of social networks for information sharing among farmers
(Tsouvalis et al., 2000; Falconer, 2000; Parks, 2022). These infor-
mation networks extend off the farm (Coughenour, 2003), and we
found that many growers within a well-connected industry turn to
the same sources for management information.

While previous studies indicate the importance of sustainability
messaging that targets growers’ individual and specific needs (Fish
et al., 2003; Brodt et al., 2006;Wauters et al., 2010), we argue that the
hazelnut industry provides an example of a community of growers
that would benefit from messaging that broadly highlights the
multiple benefits of sustainability practices to all growers. Such
sustainability outreach could both reinforce growers’ existing
connections to sustainability and allow growers to expand their
connections to sustainability practices and practitioners (Singh
et al., 2018). Repeated messaging across information sources can
continue to spread information about the general economic and
ecological benefits of sustainable practices, in addition to indi-
vidualized technical support.

Socio-ecological sustainability

Growers in our study expressed commitment to adopting sustain-
ability practices, but they also recognized the importance of eco-
nomics in the farm ecosystem. These competing concerns led to
perceptions that sustainability practices were handed down to
growers from outside sources, leaving growers to figure out how
to balance new practices against other production constraints,
especially constraints related to cost. Farmers frequently experience
conflict about the best way to integrate sustainability practices into
existing systems (Carr and Tait, 1991). While many farmers desire
to form positive ecological connections between their farms and the
surrounding environment, the formation of such symbiotic rela-
tionships can be limited by farmer knowledge that is situated within
a preexisting, well-established production system (Ellis, 2013; Shat-
tuck, 2019). Identifying locally adapted sustainability practices that
create a variety of agronomic and ecological benefits can improve
grower support (Harrison et al., 1998; Durant and Ponisio, 2021);
coupling such practices with explicit economic improvements will
further improve implementation.
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Agroecosystems, and especially orchard systems, necessitate
long-term sustainability thinking, but current food systems require
farm owners to balance the competing demands of short- and long-
term concerns. Information about agricultural sustainability prac-
tices needs to address the complex ecological benefits of a practice
as well as its economic benefits. Agricultural sustainability is essen-
tial for maintaining agroecosystem productivity in the face of
multiple modern challenges. Increasing adoption of sustainable
agricultural practices requires cooperation between the grower
and multiple sources of technical support to determine which
practices provide sustainability benefits as well as financial benefits.

Future research should address how these sustainability percep-
tions change with more participants, or over time as growth in the
Oregon hazelnut industry normalizes, such as through longitudinal
surveys. Additional research integrates sustainability attitudes
research into extension needs assessments, allowing extensionists
to work toward more reciprocal relationships with stakeholders.
Finding commonalities across diverse stakeholders is frequently a
productive way to approach sustainability challenges in complex
agroecosystems (Selfa et al., 2008). Future adoption of new sustain-
ability practices requires the development and dissemination of
practices that create multiple ecological and economic benefits that
are rooted in the local conditions and specific requirements of a
particular cropping system.
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