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Abstract While the Midwestern USA ranks among the world’s most important corn-soybean
production regions, the area also produces a variety of high-value specialty crops. These crops
are an important component of the region’s rural economy with an estimated value of $1.8
billion in 2012. More profitable per-acre than many row crops, specialty crops also have higher
production-related risks. They are generally more sensitive to climatic stressors and require
more comprehensive management compared to traditional row crops. Temperature and pre-
cipitation fluctuations across the Midwest directly impact specialty crop production quantity
and quality and indirectly influence the timing of crucial farm operations and the economic
impacts of pests, weeds, and diseases. Increasingly variable weather and climate change pose a
serious threat to specialty crop production in the Midwest. In this article, we assess how
climate variability and observed climatic trends are impacting Midwestern specialty crop
production using USDA Risk Management Agency data. In addition, we review current trends
in grower perceptions of risks associated with a changing climate and assess sustainable
adaptation strategies. Our results indicate that weather-induced losses vary by state with
excessive moisture resulting in the highest total number of claims across all Midwestern states
followed by freeze and drought events. Overall, specialty crop growers are aware of the
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increased production risk under a changing climate and have identified the need for crop-
specific weather, production, and financial risk management tools and increased crop insur-
ance coverage.

1 Introduction

Commonly known for its role as a primary producer of grains and oilseed crops, the
Midwestern USA (defined as Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio,
and Wisconsin) is also home to a wide variety of specialty crops that accounted for just under
$2 billion of total farm gate value in 2012 (USDA-NASS 2015). Major crops produced in the
region include both long-lived perennial species such as tree fruit and nuts as well as a wide
variety of spring-planted annuals. While these crops are grown on only 0.6% of the region’s
cropland, they account for 2.7% of its crop-related market value (USDA-NASS 2015).
However, these high-value crops require more stringent management than traditional row
crops and are more sensitive to climatic stressors (Walthall et al. 2012). Regional changes in
temperature and precipitation are already directly impacting specialty crop production via crop
quantity and quality, as well as indirectly influencing the timing of crucial farm operations. In
addition, projected climatic changes in this region are expected to further impact management
decisions and productivity of a wide range of specialty crops grown in the Midwest. This paper
focuses on our current understanding of the vulnerabilities in Midwestern specialty crop
production under a changing climate, an analysis of USDA Risk Management Agency Cause
of Loss Data for specialty crops in this region, and potential adaptation strategies. Additionally,
we review grower perceptions of production risks associated with an increasingly variable
climate and assess their adaptive capacity under future climate projections.

More than 30 primary specialty crops produced in the region are operationally
monitored by the National Agricultural Statistics Service (Fig. 1). In contrast to the
region’s corn and soybean production, which tend to be associated with deep soils with
relatively high organic matter content and water-holding capacities, most specialty crop
production tends to be concentrated in areas with relatively lighter, coarse-textured soils
such as the central sands area of central Wisconsin, the Illinois River Valley in central
Illinois, and the fruit-belt region of western Lower Michigan (Supplemental Fig. S.1).
Soils with greater hydraulic conductivity are preferable for specialty crop production due
to relatively rapid drainage rates and high trafficability characteristics (USDA-NRCS
2006). Consequently, most of the specialty crops are irrigated, with just under 1.1 million
irrigated acres on farms with specialty crops in 2012 (USDA-NASS 2015). Many of the
crops are grown in proximity to the Great Lakes which modify regional climate by
reducing temperature extremes, delaying bloom in the spring and reducing risk of freeze
damage (Andresen and Winkler 2009).

By acreage, the five most widely grown specialty crops (in descending order) are sweet
corn, green peas, potatoes, snap beans, and popcorn. By market value, the five largest are
apples, potatoes, sweet corn, cranberries, and blueberries (USDA-NASS 2015). The area
involved in the production of specialty crops increased slightly from 646,841 acres in 2009
to 747,480 acres in 2014, which is similar to overall percentage changes in cropland in the
region. At the same time, the cash market value increased from $1.62 billion to $1.78 billion
(USDA-NASS 2015). Factors associated with these changes include increases in agro-tourism,
the farm-to-table movement for non-genetically modified produce, and the introduction of
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international competitors driven by the 1994 WTO agreements and growing concern of
genetically modified (GM) crops (Veeck et al. 2006).

Specialty crops typically require more intensive management than row crops. Product
quality, as well as quantity, is a critical factor. However, they are potentially more profitable
for farmers. Unfortunately, specialty crops are also more sensitive to temperature and precip-
itation amounts and frequency (i.e., climatic stressors) than row crops (Walthall et al. 2012).
Because they require more agronomic care and are often grown on limited acreage, these high
values crops are more difficult to insure with crop insurance (Crane et al. 2010). Reduced
specialty crop yields have been a primary concern in assessing climate variability impacts.
However, specialty crops also experience changes in nutrients and properties such as color,
visual appeal, aroma, taste, and texture during stressful climatic conditions (Ahmed and Stepp
2016). It is these product quality characteristics that influence consumer purchasing decisions
and willingness to pay premium prices. Thus, the climatic sensitivity of specialty crops poses
production and economic risks to producers under projected increasing weather variability and
shifts in climate.

The 3rd US National Climate Assessment reports that the Midwest observed more than a
0.8 °C increase in average temperature from 1900 to 2010 with relatively more rapid warming
beginning in the latter half of the twentieth century. From 1950 to 2010, the average
temperature increased at twice the rate compared to the previous five decades, and from
1980 to 2010, the average temperature increased three times as quickly compared to the
previous eight decades (Pryor et al. 2014). Much of the warming has been observed in warmer
overnight low temperatures, with overall warming most prevalent during the winter season
compared to spring, summer, and fall (Pryor et al. 2014). These warming trends have led to a

Fig. 1 2003 map of continental USA showing percent of cropland acreage dedicated to fruit and vegetable
production out of the total cropland acreage in use. From Young et al. 2007
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longer growing season (i.e., increased frost-free period). However, the warmer winters pro-
mote plant development before the last spring freeze, resulting in earlier dormancy breaks and
putting many fruit and vegetable crops at risk for spring freeze. Annual precipitation and the
frequency of heavy precipitation events have also increased over the last century, with more
precipitation observed in the spring, which disrupts planting and crop establishment (Kunkel
et al. 2012; Pryor et al. 2014). These observed changes, alongside projected changes in the
Midwest climate, have placed specialty crop production at high risk for loss.

Although average temperatures in the Midwest have increased, the warming trend has
not been uniform across the region. Consequently, specialty crop impacts associated with
drought and extreme heat events vary greatly by location, which complicates production
management strategies. Research on West Coast growers experiencing excess heat and
drought have found that perceived changes in past water availability and increased
summer temperature are influencing concern about adaptive management to climate
change (Olen et al. 2015). In an increasingly wet climate like the upper Midwest, grower
concerns are more focused on managing excess water and seasonal rather than long-term
drought. In addition, the timing of precipitation strongly influences management deci-
sions such as days available for field work (e.g., soil prep, planting, harvest), weed and
pest management, and spray regimes.

In the upper Midwest, a 2012 random sample survey of almost 5000 corn-soy growers
revealed that farmers have heterogeneous experiences with flooding, saturated soils, and
drought that are locale specific; and these experiences affect perceptions of risk and
adaptive management practices (Morton et al. 2015). Many farmers are confident they
will be able to deal with increases in weather variability, and they support public and
private efforts to help farmers adapt to increased variability (Arbuckle et al. 2014;
Morton et al. 2015). However, very little is known about upper Midwest specialty crop
growers’ perceptions of increasingly variable weather and the risks associated with
changing climatic conditions.

To address this shortcoming, we examined vulnerabilities of Midwestern specialty
crop production to weather and climate variability. The objectives of this assessment are
to (1) determine recent trends in Midwestern specialty crop losses due to weather hazards
using USDA Risk Management Agency data; (2) review literature on current and
predicted future climate-/weather-related vulnerabilities in this region; (3) summarize
grower perceptions of these issues; and (4) discuss possible adaptation strategies that
reduce production risks in light of a changing climate. Our assessment is limited to fruit,
vegetable, and tree nut crops given that most floricultural crops in the region are
produced in partially or completely climate-controlled structures with glass or plastic
covers.

2 Assessment of recent weather-related crop disaster data

To investigate trends in Midwest specialty crop losses due to weather hazards over time, the
USDA Risk Management Agency (RMA)’s regional data from 1989 to 2015 (USDA-RMA
2015) were assessed with a focus on climate-driven impacts. RMA collects and archives “Cause
of Loss” data for all insured crops produced in the USA. Figure 2 presents the total annual
indemnity claimed by specialty crop producers in the Midwest for the years 1989–2015. Weather
and climate-driven cause of loss from specialty crop claims include cold wet weather, cold winter,
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drought, excess moisture/precipitation/rain, flood, freeze, frost, hail, heat, hot wind, wind/excess
wind, hurricane, and other events (e.g., snow, lightning) as well as indirect impacts that influence
losses from insects and diseases. An important caveat of this dataset is that the cause of loss
associated with each claim was self-reported by individual producers. Area-wide differences in
most frequently reportedweather hazards and ensuing crop loss claims are summarized in Table 1.

Crop insurance availability for specialty crops has increased over the last decade as a result
of the increased government assistance provided to producers in the wake of weather disasters
such as Hurricanes Katrina and Sandy, the 2012 drought, and the growth of production in
hazard-prone areas (GAO 2014). From 2000 to 2010, the value of specialty crops (fruits, nuts,
vegetables, melons, greenhouse, and nursery) increased from $41.8 billion of US farm cash
receipts to $57 billion of US farm cash receipts (Collins 2012). Subsequently, a surge in
specialty crop insurance has occurred from approximately $7.5 billion in 2000 to $15.5 billion
in 2015 with the largest increases in insurance covering fruits, nuts, and trees (USDA-RMA
2015). However, there are still many widely produced specialty crops that are not insured.
Thus, the data in Fig. 2 should not be viewed as a comprehensive summary of annual loss due
to weather hazards. Nevertheless, it is the primary data currently used to assess climatic
impacts such as drought, excess moisture, freeze events, and frost events on specialty crops.

3 Review of climate-/weather-related vulnerabilities

3.1 Drought impacts to specialty crops

Despite increased annual precipitation, several major droughts have impacted the Midwest in
recent decades (1983, 1988, 2002, and 2012). Furthermore, climate projections indicate that
longer dry periods will occur between precipitation events across the Midwest in the future

Fig. 2 Midwestern USA annual indemnity costs for specialty crop losses due to weather and climatic events
from 1989 to 2015. Gray bars highlight years with major weather and climatic events. Annual indemnity costs
were summed across Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio, and Wisconsin on a per year
basis
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(Hatfield et al. 2014; Mir et al. 2012; Pryor et al. 2014). Specialty crops grown across the
Midwest whose quality is directly impacted by rainfall (or lack thereof) include cherries (Sekle
1995), apples (Vallat et al. 2005), and grapes (Xu et al. 2011). However, drought (and
commonly concurrent warmer temperatures) (Koster et al. 2009) impacts the quality of a vast
variety of fruit and vegetable crops (Moretti et al. 2009). Unlike corn and soybean, a majority
of specialty crops are less affected by drought conditions because they are irrigated (Hogan
2013). The 2012 Census of Agriculture reports that approximately 62.5% of specialty crop
acres are irrigated, with approximately 48.6% of irrigated acres being orchards, followed by
34.2% in vegetables (Vilsack and Reilly 2015). However, if crop water demand exceeds the
available water supply, crop damage can result. This is most important during pollination and
fruit-set time for most vegetable crops (Chatterjee and Solankey 2015). Sweet corn, an
abundant specialty crop grown in the Midwest, flowers only once. If the crop is water-
limited during ear filling, it will produce poor ear fill (Rubatzky and Yamaguchi 2012). Grapes
are more likely to be impacted by prolonged drought because they have deeper root systems.
With prolonged drought, fruit on the vines may not ripen (Maurer 2012).

3.2 Frost and freeze impacts to specialty crops

Extreme temperature fluctuations during the spring can have enormous impacts on
specialty crops. Cold temperatures infiltrated the Midwest specialty crop growing region
during the springs of 2007 and 2012, severely damaging crops each year. Each event was
preceded by an extended period of warmer than normal temperatures that caused
perennial crops to break dormancy and begin growing earlier than normal. Identified
as a “false spring” (Marino et al. 2011), the week prior to April 5–7, 2007, saw daily
minimum temperatures in excess of 15 °C in central Missouri. This was followed by a
shift in the jet stream that moved arctic air into the Central and Eastern USA for about a
week. During the event, temperatures plummeted to as cold as −7 °C resulting in
agricultural losses of about $2 billion (Marino et al. 2011). Crop damage was substantial
but limited to northern Missouri and southwest Iowa where warmer temperatures the
prior week resulted in loss of dormancy and vegetative growth.

During March, 2012, a persistent upper air ridging feature set up across much of
eastern two thirds of North America and led to a 3 week period of abnormally warm

Table 1 Summary of Risk Management Agency (RMA) crop loss data by state due to weather-related hazards
from 1989 to 2015

State Top 3 claimed weather hazards Top 3 claimed specialty crops Cumulative indemnity cost
(2015 US dollars)a

Iowa Excess moisture, drought, heat Popcorn, sweet corn, potatoes $8,160,600
Illinois Excess moisture, drought, heat Popcorn, green peas, sweet corn $19,268,406
Indiana Excess moisture, drought, heat Popcorn, mint, tomatoes $35,125,464
Michigan Freeze, frost, excess moisture Apples, grapes, peaches $160,264,695
Minnesota Excess moisture, heat, drought Green peas, sweet corn, potatoes $173,367,509
Missouri Excess moisture, drought, hail Popcorn, apples, potatoes $16,462,863
Ohio Excess moisture, drought, freeze Popcorn, tomatoes, apples $18,286,110
Wisconsin Excess moisture, drought, heat Green peas, sweet corn, cranberries $62,920,725

a Cumulative indemnity costs are summed across all claimed specialty crops and weather-related hazards from
1989 to 2015 on a per state basis
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temperatures resulting in the warmest March on record (1895–2015 period of record) at
many locations across the Midwest (Labe et al. 2016). Overwintering vegetation across
the Great Lakes region broke dormancy weeks before normal, leaving it highly suscep-
tible to frost or freeze damage. Near the end of March and throughout April 2012,
normal temperatures returned to the region, including a series of frost and freeze events
(climatological normal last freezing temperatures in the region tend to occur in late April
or early May). Blooms and early developing fruits were severely damaged or lost due to
the freezing temperatures. Michigan alone lost approximately 85% of their apple crop
and 90% of their tart cherry crop for the year, likely the worst single weather-related loss
in the 150 years tree fruit has been grown commercially in the region. The total loss
inclusive of blueberries, grapes, peaches, sweet cherries, and asparagus was estimated at
$209.8 million (Knudson 2012). Wisconsin also lost much of its cherry and apple crops,
and Illinois experienced extensive freeze damage to its apple crop in central and northern
counties (Sigler 2012).

3.3 Excessive moisture and precipitation

Excess moisture was the costliest to specialty crops in the Midwest states of Minnesota,
Wisconsin, Illinois, and Missouri from 1989 to 2015, according to USDA-RMA. It ranks
second most costly in the states of Iowa, Indiana, and Ohio. It is Minnesota’s most
commonly claimed specialty crop hazard. Overall, Midwestern producers have claimed
over $130 million in losses due to excess moisture, precipitation, or rain alone. The three
worst years were 1999, 1993, and 2001, respectively (adjusted to 2015 dollars). Two
federal disaster declarations were made that year for Minnesota due to severe ice storms,
flooding, and heavy rain (FEMA 2016). During the 9 years prior to 2013, southern
Minnesota experienced three 1000-year flood events (Durgan 2013). In 2015, central
Illinois (which produces 90% of the country’s canned pumpkin) received 58.9 cm of rain
from May to July (nearly double the average). The excess moisture greatly reduced the
pumpkin harvest, leading to a shortage of canned pumpkins in 2015 (Angel 2015).

3.4 Dynamic weeds, insects, and disease pressures

As temperatures and the frequency of extreme weather events continue to increase, pest
outbreaks (weeds, diseases, and insects) and subsequent economic damage to Midwestern
cropping systems are expected to become more frequent and severe (Hatfield et al. 2014; Pryor
et al. 2014). Over the last 50 years, warming temperatures have enabled numerous crop pests
and pathogens to expand their ranges northward thereby challenging Midwestern growers to
monitor and manage them (Bebber et al. 2013). Warming minimum winter temperatures in the
Midwest benefit many insect pests by decreasing rates of overwintering mortality. In addition,
rising annual temperatures may also increase the number of generations in multivoltine insects
which in turn can greatly exacerbate the potential economic damage caused by these pests
(Tobin et al. 2008). Increased spring precipitation and higher temperatures across the Midwest
may be enhancing fungal and bacterial plant pathogens (Anderson et al. 2004). For instance,
outbreaks of bacterial spot, a severe bacterial pathogen of cucurbit crops linked to precipita-
tion, have drastically increased across pumpkin fields in Illinois over the past decade
(Ravanlou and Babadoost 2015). There is a general consensus that the impact of weeds should
increase under future climatic projections especially in terms of species distributions (Dukes
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and Mooney 1999). Furthermore, invasive weeds may be able to adapt more quickly to
changing climatic conditions within agroecosystems giving them the competitive edge over
crops in obtaining limiting resources like water, nitrogen, and light (Clements and Ditommaso
2011).

3.5 Threats to pollination services

Insect pollination services are a crucial component of the US agricultural industry and
are currently valued at ~$15 billion per year (Calderone 2012). Many high economic
value specialty crops grown in the Midwest (e.g., apples, blueberries, pumpkins) are
dependent on bee pollination services. Alarmingly, North American bee populations
(both domestic and wild) have declined over the past two decades with rising tempera-
tures emerging as key factor in declining bumble bee populations (Kerr et al. 2015; Potts
et al. 2010). To further complicate matters, pollinators are vulnerable to a wide range of
pesticides whose utilization in the Midwest may rise given that crop pest impacts are
expected to increase under future climatic projections and the efficacy of pesticides
decreases under extreme rainfall events (Hatfield et al. 2014).

4 Future projections

In the near term (and within the strategic decision time-span of many crops), similar trends and
variabilities in weather and climate are likely to continue. Longer-term projections are more
variable based on potential greenhouse gas emissions and management efforts. Overall annual
average temperatures are expected to increase 1.9–2.8 °C by 2041–2070 relative to 1971–2000
averages which suggests continued pressure on specialty crop production (Hatfield et al.
2014). Projected increases in the number of days above 35 °C and warm nights will increase
the growing season length, but also introduce potentially more stressful days, particularly in
the southern part of the Midwest. Additionally, warmer nights will increase plant respiration
rates and consume fixed carbon, potentially reducing yields. Warmer winters will enhance
survival of overwintering of insects which in turn may lead to increased pest pressures (Tobin
et al. 2008).

Under future climate change projection scenarios, rainfall patterns are expected to
shift and become more erratic: average precipitation is expected to increase 4.1–10.2 cm
by 2041–2070 relative to the 1971–2000 average precipitation. Overall, the number of
days with heavy precipitation during this future time frame is also expected to increase,
coupled with an increased number of dry days between rainfall events (Pryor et al.
2014). Precipitation projections also suggest increased winter and spring seasonal totals
with reduced summer totals. This creates a double stress on specialty crop producers and
their crops with increased spring wetness and management issues followed by drier
summers. Potential summer moisture deficits could be exacerbated by increased temper-
atures and longer growing seasons which increase the overall crop water use. Climatic
variability is expected to increase as well (Melillo et al. 2014). Projected climatic shifts
are also expected to lead to increased weed, disease, and insect pest pressures which,
when coupled with increasing frequencies of extreme weather events, would impact
management decisions and productivity of a wide range of specialty crops grown in
the Midwest (Hatfield et al. 2014). Thus, future climate regimes may exacerbate
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management challenges more so than already witnessed in recent decades unless adap-
tation and mitigation to climate variability and change is undertaken by producers.

5 Adaptation to a changing climate

5.1 Growers perceptions of threats

To assess specialty crop vulnerability and develop effective adaptation strategies, it is
useful to understand the direct and indirect impacts of weather and climate on Mid-
western specialty crop production as experienced by growers. Johnson and Morton’s
(2015) study of 129 Michigan and Ohio specialty crop grower leaders identified and
ranked production issues associated with a changing climate and extreme weather
events. Among the nine major production impacts identified by growers in this region,
pests and disease (new invasive species), marketing and risk (increased need for
financial risk management tools), and water (increased demand for water) related issues
were ranked as their top three greatest concerns (Fig. 3). Growers also ranked the
following weather/climate issues as highly important: fluctuations in spring temperature
and fruit bud break; early spring warming and late frost (affects tree fruit), and
excessive rainfall in spring (affects planting dates). In addition to weather/climate direct
impacts on their production systems, a number of indirect effects were identified and
highly rated: increased variability in crop quality and quantity; increased workforce
instability; and reduction in farm profitability. Overall, growers expressed a heightened
sense of increased crop risk under changing climate and extreme weather events, but

Fig. 3 Nine cluster rating map generated from Midwest specialty crop leaders’ brainstorm, rating, and sorting
process in 2014. Growers identified 85 key climate-/weather-related issues impacting their production systems.
These statements were then rated (1 = not at all important to 5 = extremely important) and mapped into nine
clusters representing production issues of highest concern. Clusters with more stacked levels indicate higher
rating grand means. From Johnson and Morton 2015
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believed there were opportunities for new approaches to plant varieties and new types
of crops as well as the potential to expand production in the Midwest due to decreased
production elsewhere.

5.2 Adaptation strategies

Midwestern specialty crop growers are likely to continue to experience severe crop losses due to
increasingly variable and extreme weather events. A few major impacts have been discussed here.
Given the limited crop insurance coverage available to many specialty crop growers, developing
appropriate adaptation and management strategies is crucial. To date, the impact of early spring
freezes on perennial specialty crops have attracted themost attention (Marino et al. 2011). Irrigation
sprinklers, heaters, and more recently frost fans are currently being used by Midwestern fruit
growers to mitigate frost damage. Unfortunately, no one method is completely effective and a
combination of methods is often warranted (Sigler 2013). High tunnel covers may also be a good
option for growers in Michigan and Ohio where fruit and vegetable crop losses due to extreme
temperature events are common (Carey et al. 2009). One promising new indirect strategy is the
application of sprayed water mist early in the growing season to cool plant tissue and delay
phenological development, leaving the crop less susceptible to any freezing temperatures (Rijal
2017). For annual specialty crops (especially green peas and sweetcorn), losses due to excessive
moisture account for the majority of reported losses in Midwestern states with the exception of
Michigan (USDA-RMA 2015). Tile drainage is becoming a much more common practice for
removing excess water in Midwestern row crop agriculture, but it is not currently widely used in
specialty crop systems. Cover crops can help maintain soil integrity in the face of heavy rains while
simultaneously suppressing weed establishment in vegetable cropping systems (Nair et al. 2015).

Drought and high temperatures are also major causes of reported specialty crop losses with
cole crops being particularly vulnerable. Improved water management, new heat tolerant
varieties, or switching to alternative crops may be viable strategies as extreme heat events
become more frequent and severe (Hatfield et al. 2014, Mir et al. 2012). While irrigation
decision-making tools are currently being developed for specialty crop systems in California
(Johnson et al. 2013), such tools are more limited for Midwestern producers despite grower
concerns over water availability (Johnson and Morton 2015).

All specialty crop producers would benefit frommore accurate long-term climate and short-term
weather forecasts at higher spatial resolutions. Given uncertainties regarding seasonal weather
patterns and climate change projections at fine spatial scales, a more diversified farm may be
buffered from weather-related crop losses due to pests, diseases, and weeds (Walthall et al. 2012).
For instance, a grower that plants sweet corn can more easily overcome yield losses from an
unexpected outbreak of corn earworm if pumpkins are also grown. Further research is greatly needed
to develop a robust toolkit of adaptationmeasures to meet the diverse needs ofMidwestern specialty
crop farmers. Unlike traditional row crops, there is often little to no tolerance for weather-induced
reductions in commodity quality which makes effective climate resilient practices all the more
critical for sustaining Midwestern specialty crop production under an increasingly variable climate.

5.3 Grower capacity for adaptation

Adaptation is the collective set of short- and longer-term grower adjustments made in response to
perceived or actual conditions that they consider will affect their crops. These adjustments may be
made to avoid threats to their production system or to take advantage of new opportunities as the
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situation and/or resources change. Survey results from US farmers reveal that intentions to adapt
to climate change are influenced by previous climate experiences and concerns about local
impacts (Haden et al. 2012; Morton et al. 2015). Further, there is evidence that the high
uncertainties in long-term projections of climate at finer spatial and temporal scales can limit
grower adaptive management decisions (Howden et al. 2007). Changes in the timing of labor
needs, which influence scheduling, harvesting and processing, were concerns in the Michigan-
Ohio research (Johnson and Morton 2015). Poor crop quality and quantity especially impact
migrant labor earning capacity, and crop loss from freezes and other weather events change the
timing, or in some instances, destroy the crop and eliminate the need for labor (Johnson and
Morton 2015). In addition, one year’s crop loss can disrupt future availability of labor. Local
experience and context seem to be variables driving adaptive management (Haden et al. 2012).
Michigan and Ohio growers identified a need for more financial and other types of flexible risk
management tools to help them better respond to changing weather and climate (Johnson and
Morton 2015). There is a need for crop-specific research on the interaction between weather
variability and growers’ management decisions associated with those systems of production.

5.4 Knowledge gaps

Our assessment provides a snapshot of challenges facingMidwestern specialty crop production in
a changing climate and grower perceptions of risks and opportunities. The RMA crop loss data
was somewhat limited for specialty crops grown in theMidwest. High-value crops not included in
this study include horseradish, asparagus, and watermelons. The survey conducted by Johnson
and Morton (2015) was comprised mainly of major specialty crop producers in the region. A
stratified random sample survey of Midwest specialty crop growers is greatly needed to better
assess the current beliefs, concerns, and practices associated with a variable climate as well the
resources needed to ensure specialty crop production remains viable under increasingly stressful
climatic conditions. Improved short- and long-term weather forecasting as well as economic
decision-making tools is warranted to help producers maintain sustainable crop systems under
projected increased abiotic and biotic stressors.
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