
ABSTRACT

JOHNSON, LISA KLIMA. Lost in the Field: Quantifying, Understanding, and Developing
Solutions for Edible Food Loss at the Agricultural Level of the U.S. Supply Chain (Under the
direction of Dr. Nancy G. Creamer).

An estimated 20% of fruit and vegetable crops never reach the distribution stage of the

U.S. food supply chain, and are instead left unharvested in fields or graded out and discarded

during packing. However, this estimate is not based on field measurement, but relies on

calculations and assumptions in conjunction with decades-old approximations. In order to

understand the environmental, economic, and social costs of food loss in agriculture, and take

action at a scale that can reduce these losses, more accurate, current estimates are a necessary

first step. The interdisciplinary projects undertaken in this research aim to evaluate national

estimates through field data collection, understand the decisions made on-farm that lead to

losses, and provide approaches to solutions.

Beginning with qualitative inquiry with a group of commercial vegetable producers in

North Carolina provided insights into the perspective growers have towards losses in the field.

Seventeen semi-structured interviews were completed in person, transcribed, coded and

analyzed. The participants farmed 19% of the land in the state devoted to vegetable crops and

sweetpotato. The majority produced cabbage, cucumber, bell pepper, summer and winter squash,

watermelon, sweet corn, and sweetpotato on 100 – 1500 acres, and sold into wholesale

distribution channels. Most participants could not identify what portion of their crop was lost,

and had not measured the amounts lost in the field. Findings from this study resulted in the

creation of a decision tree that outlines how the decision is made to end the harvest in

horticultural crops that are harvested several times.



As growers were unsure about the amount of produce lost in the field, and no accurate

data was available that was pertinent to U.S. commercial vegetable production, measurement

was undertaken first by creating a straightforward protocol for the measurement of losses in the

field. Measurement took a sampling and scaling approach. Steps included: marking sample areas

in each field, aiming to exceed 0.1% of the field area, harvesting, sorting, and weighing the

remaining crop, and scaling the measurement up to an estimate. Thirteen fields at one mixed

vegetable farm were detailed as a case study, indicating 57% of the yield marketed from the farm

was left unharvested in the field and was of quality suitable for human consumption.

Further field measurement was undertaken in 2017 across eight vegetable crops. A total

of sixty-eight fields on nine farms were evaluated using the new measurement protocol.

Combining the marketable and edible volume, the average volume left unharvested that was

suitable for human consumption was 5,114.59 kilograms per hectare. Totaling an average of 42%

of the marketed yield for these crops, these results suggest a need for reevaluation of the food

loss estimates at the agricultural level in the US.

Several pilot projects in various development stages are underway that aim to reduce field losses.

To improve connection to buyers, growers were provided contact information for buyers

representing businesses that source a wide range of produce quality. Resulting connections were

profitable, and provided food into the emergency food system in some cases. In order to

determine whether growers could process surplus crops on-farm themselves, a mobile

dehydration unit was designed, constructed, and demonstrated to vegetable growers. In order to

increase gleaning efficiency, and improve the profitability of recovering underutilized crops, a

self-driving harvest-aid adaptable to many crops has been designed. Construction and testing are

planned.
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REDUCING US FOOD LOSS AT THE FARM LEVEL COULD RESULT IN A MORE
SUSTAINABLE FOOD SYSTEM

Abstract:

Emerging information about how much food is wasted in the U.S. is often discussed

concurrently with food insecurity. Can one be used to solve the other? This grand challenge

requires reliable data to inform its solution. The widely used figure stating 40% of food in the

U.S. is wasted is calculation-based, and does not include the potentially nutrient-dense supply of

fruit and vegetable crops that remain unharvested on farms, never reaching the distribution stage

of the supply chain. Estimates that attempt to describe this underutilized part of the food supply

are not based on field measurement, rather they are rooted in assumptions and approximations,

sometimes decades old. New research is required that highlights food loss at the agricultural

level, in order to understand and find solutions for the costs to the environment, the economy,

and society. This review details the available statistics, exposing data gaps that require attention,

discusses the reduction of losses as a strategy for sustainable intensification of agriculture, and

addresses how underutilized crops can be redirected into the emergency food system. While

farm-level losses have little economic value and rarely end up in the landfill, the potential exists

to improve farm sustainability while positively impacting the food supply for society.

Introduction:

The United Nations recommends that food supply chains need to be restructured in order

to handle changes in climate, demographics, fuel costs, water scarcity, loss of biodiversity, and

food insecurity (Nellemann et al., 2009), all of which have a direct impact on US agriculture.

Additionally, the National Research Council calls for an interdisciplinary approach in order to
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have a transformative effect on the sustainability of the US agricultural system (NRC, 2010).

Sustainability has many definitions which can be interpreted subjectively. A widely accepted

definition of sustainable agriculture is: a system of production practices that satisfies human

needs, enhances environmental quality by making efficient use of resources, maintains the

economic viability of farms, and enhances quality of life for all, over the long term (NRC, 2010;

USDA, n.d.). In effect, this means producing food while keeping the triple bottom line of

environmental, economic, and social impacts in mind. Balancing these goals while maintaining

robust production amidst variable conditions makes a farm operation sustainable, and all farms

have this potential (NRC, 2010).

Further, in order to improve food security, Godfray and colleagues (2010) call for

“radical” changes to the way food is produced, similar to “those that occurred during the 18 th-

and 19th-century Industrial and Agricultural Revolutions and the 20th-century Green Revolution.”

There is some consensus surrounding the idea that reducing food loss and waste could improve

sustainability while increasing food availability (Beddington, et al., 2012; Kader, 2003, 2005;

Nellemann, et al., 2009). A 25% percent reduction in U.S. food loss and waste was estimated to

feed 20 million people per day (Kantor et al, 1997), a figure which may have influenced the

decision of the USDA and EPA to create a 50% reduction goal. US food insecurity reached

14.3% of families in 2013 (Coleman-Jensen et al., 2014).

Reducing food waste has become a particularly urgent issue, and global organizations

such as the Food and Agriculture Organization of the United Nations (FAO), Consortium of

International Agricultural Research Centers (CGIAR), Stockholm International Water Institute

(SIWI), and national organizations such as the Environmental Protection Agency (EPA), Natural

Resources Defense Council (NRDC), National Science Foundation (NSF), and the United States
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Department of Agriculture (USDA) have all called for increased focus on the issue (Beddington,

et al., 2012; Gustavsson et al., 2011; Gunders, 2012; Lipinski, et al., 2016; Lundqvist et al.,

2008; Milepost, 2012; Nelleman et al., 2009; NSF, 2014; USDA, 2015). In 2015, the USDA’s

Agriculture Secretary and EPA’s Deputy Administrator set a goal of halving food waste in the

US by 2030 (USDA, 2015). “Food waste” has a complicated definition that can include food

loss, or begin in distribution, ending in landfills, and the term is often used in the US to

encompass losses and waste occurring at any point in the food system. Some definitions include

even overconsumption as a form of “food waste” (Smil, 2004).

Considering the serious environmental, economic, and social impacts of food waste, it

seems straightforward that food insecurity and improving sustainability of US agricultural

systems could be solved by reducing food loss and waste. However, the types of food lost and

wasted, the point in the supply chain that they are lost or wasted, storage requirements, shelf life,

and constraints in the emergency food system confound this issue. Donations into the emergency

food system are driven by the need for disposal by retailers and manufacturers, and can be

unpredictable (Winne, 2005). Critically, this means for the supply that donations are often not

nutrient dense, since the overall food supply is lacking fruit and vegetables in the volumes

needed to support consumers adhering to the USDA dietary guidelines (Krebs-Smith et al.,

2010).

Whether food is lost or wasted often depends on the part of the supply chain it came

from, though there are dozens of definitions of each (Lipinski et al., 2016). The World Resources

Institute includes boundaries in the definition of “food loss”, articulating that food is “lost” rather

than “wasted” in production, storage, processing, and distribution stages of the supply chain. In

their words, food loss “is the unintended result of agricultural processes or technical limitations
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in storage, infrastructure, packaging, and/or marketing” (Lipinski et al., 2016). This includes the

loss of mature produce crops that are ripe for harvest and intended for human consumption, but

that are left unharvested due to constraints outside the control of the grower, such as weather and

market demand. This review will use the term “food loss” to describe unutilized food that would

be fit for human consumption, but remains in the field or on the farm, never reaching the

transportation or distribution stage. “Food waste” will be used to describe food intended for

human consumption, lost during distribution, retail, restaurant, or consumer stages.

Approximately 75% of unmarketable fruit and vegetables on Minnesota produce farms are

plowed under, composted, or fed to animals (Berkenkamp and Nennich, 2015b). However, one

of the primary uses according to the EPA’s Food Recovery Hierarchy (Figure 2; EPA, 2015)

should be human consumption, if at all possible. Improving economic and environmental

sustainability for US fruit and vegetable growers and improving the food supply for the US

population could be realized by recognizing the underutilized resource we currently have on

hand, in unmarketable produce.

This review aims to show that highlighting food loss at the production level through

further research may hold answers for the dichotomy at the heart of the national food waste

discussion: why do we waste so much food when so many people are food insecure? An

argument could be made that enough food is already produced in the US to feed our population

(NRC, 2010), therefore restructuring the food system and radical change may be what is required

to provide access to the entire population. Reducing food loss in agricultural production may

therefore represent an opportunity to meet the needs of the entire US population, including those

currently food insecure. A greater understanding of the volumes of losses occurring in

production, the drivers influencing losses, and the reduction of those losses may result in more
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economic and environmental sustainability for growers and a more nutritious emergency food

supply for the country.

Current food loss and waste statistics for the US are based on estimates and assumptions:

Even though the potential social impacts of reducing food loss and waste engage public

opinion, the environmental and economic issues have driven research and action to this point.

The US EPA has taken a leadership role in this issue, aiming to keep food waste out of landfills,

where it takes up an estimated 21% of space (ReFED, 2016), which is at the center of the

national discussion on food waste. Statistics describing food loss and waste are lacking basis in

some areas, but of particular interest are fruit and vegetable crops in the U.S., as the reported

estimates of losses are reliant on historical estimates, which may no longer be accurate.

Current estimates and causes of US food loss and waste:

In the US, food intended for human consumption is lost or wasted from the supply chain

from the producer to the consumer at a total rate of 40%, according to a report by the Natural

Resource Defense Council (Gunders, 2012; Hall et al., 2009). In their report for FAO, the

Swedish Institute for Food and Biotechnology estimated 20% of fruit and vegetable crops were

lost at the agricultural level in North America, followed by supply chain and consumer losses

totaling over 30%, bringing the total waste of fruit and vegetable crops to over 50% (Gustavsson

et al, 2011). Fresh fruit and vegetable crops are lost at higher rates than other foods, such as

meat, dairy, and grain crops (Gustavsson et al, 2011).

Several U.S.-focused reports have hypothesized about the various causes of fruit and

vegetable losses in the field, determined that the grade standards are one of the causes of food

losses, and recommended the development of new markets for edible products not meeting
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current standards (Beretta et al., 2013; BSR, 2013; Gunders, 2012; Kantor et al, 1997; Milepost,

2012). Similarly, produce quality has been determined to be a significant driver of on-farm losses

in Europe and Australia (Beausang et al., 2017; Beretta et al., 2013; Garrone et al., 2014; Ghosh

et al., 2016; Gustavsson et al., 2011; Hodges et al., 2011; Priefer et al., 2016). One view yet to be

adopted throughout the supply chain, is that the emphasis on produce quality should focus on

flavor and nutritional value, rather than appearance (Kader, 2003).

Qualitative inquiry by Berkenkamp and Nennich (2015) utilized survey and interview

data to describe the opportunities and challenges of harvesting and marketing cosmetically

imperfect produce. In Minnesota, a range of crops studied primarily on small farms using

alternative production practices resulted in estimates of up to 20% of the crops being

cosmetically imperfect, and therefore unmarketable (Berkenkamp and Nennich, 2015). Another

study estimating food loss during production in one US county calculated almost 40,000 pounds

of fruit and vegetables unharvested in one year, using unharvested acreage data (Griffin et al.,

2009). Inferences and assumptions led to the calculation of wasted acreage representing several

crops. However, the portion of fruit and vegetable wasted acreage meant the 40,000 pounds was

the amount that correlated to just over seven acres (Griffin et al., 2009). The small amount of

area studied, as well as the calculations used led to more questions than answers for fruit and

vegetable losses in this New York county. A preliminary study commissioned by the Natural

Resources Defense Council used a small set of grower interviews to determine estimates and

causes of fruit and vegetable losses (Milepost, 2012). Sixteen growers estimated losses in the

field and during packing for six California crops. The estimates were not confirmed with field

data, and no statistical analysis was performed on the wide-ranging estimates. The report called

for research including extensive cross-commodity data collection across many regions (Milepost,
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2012). All of these studies indicate the potential for improving the food supply in the US through

the recovery of produce lost at the farm level is vast. In the case of fruit and vegetable crops,

however, some are of such quality that they can be used for human consumption, and some are

not (Kantor et. al., 1997).

Reliable, field-derived data on losses of fruit and vegetable crops in the US is still missing

The group of studies that discuss losses of fruit and vegetable crops in the US report

estimations, using either assumptions, or calculations, rather than field data. Data representing

fruit and vegetables that are edible but unmarketable is not recorded by the USDA, nor is it

typically recorded by growers (Buzby et al., 2014; Evans-Cowley and Arroyo-Rodriguez, 2013).

Importantly, the portion of crops that remains unharvested in growers’ fields has never been

accounted for and is not included in the widely recognized 40% of US food that is not consumed

(Gunders, 2012). This figure is a calculation that subtracts consumption from the food in the

supply (Hall, 2009; Gunders, 2012).

Additionally, the 20% of produce crops lost at the farm level in North America

(Gustavsson et al., 2011) is not based on inquiry or field-level measurement, but instead cites

other literature, which is also not based on field measurement (Cappellini and Ceponis, 1984;

Golumbic, 1964; Harvey, 1978; Kader, 2005; LeClerg, 1964; Parfitt et al., 2010). One report

opens with “The produce of one out of every 8 acres of fruit and vegetables is lost through waste

and spoilage en route from the farm gate to the consumer,” but does not cite a reference, nor

explain this the origins of this figure (Golumbic, 1964). Another report uses estimates from 1951

– 1960 from the Statistical Reporting Service (USDA), and approximations by the author, stating

vegetable loss due to pathogens were estimated at 2 – 23%, which may refer to unmarketable

produce unfit for consumption. (LeClerg, 1964). These estimates may no longer apply to modern
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vegetable production, as techniques, varieties, and efficiency have all improved. Also, many of

these estimates predate the produce quality standards that the industry bases commerce on today.

The omission of the farm level in US food loss and waste research is further evidenced by

esteemed reports and datasets that provide broad information about food loss and waste, yet are

unable to report on the farm level due to a lack of data (Buzby and Hyman, 2012; Gunders, 2012;

Hodges et al, 2011; Kantor et al, 1997). The US Department of Agriculture’s Economic

Research Service collects the most comprehensive data available on the US food supply, and

their “Loss-Adjusted Food Availability” dataset omits available supply on the farm (Buzby et al.,

2014). The USDA’s National Agricultural Statistics Service comes closer to reporting on farm

supply that is unutilized, offering data on planted area that was not harvested in each year’s

vegetables annual summary (USDA-NASS, 2017). However, this data leaves out fields that have

been harvested once or several times, but are still producing a viable crop that is subsequently

destroyed. The lack of focus on the origin of the supply chain could be traced to the lack of

economic value of the food lost on-farm, as well as the emphasis of food loss and waste study at

the consumer level.

Fresh produce is lost at the farm level because it does not meet standards for quality:

Food loss and waste, and postharvest loss can be used to refer to fruit and vegetable

crops, grain or commodity crops, or dairy, meat and fish. “Postharvest losses” are considered to

be quantitative or qualitative reductions in crop volume that occur between harvest and

consumption (Kader, 2005; Kays, 1997). Boundaries have traditionally included the supply chain

from the farm gate to the consumer, although the newer definitions include mature crops in the

field that are ready for harvest. A review of postharvest loss research in fruit and vegetables

around the world reveals that it can vary by crop, from 5% up to 100% losses (Parfitt et al.,
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2010). Adel Kader, an expert in postharvest biology and technology who was a lifetime advocate

for reducing food loss in agriculture, suggested that reducing postharvest losses of fresh produce

will require coordinated research in many fields to determine solutions (2005).

A fruit or vegetable is ready for harvest when it meets expectations for consumption

(FAO, 1989). It will be selected for harvest on the basis of appearance and maturity, which

includes color, size, shape, texture, aroma, or soluble solids content (FAO, 1989). Many crops

are harvested unripe, with the assumption that they will reach full ripeness by the time transport

and storage to facilitate marketing has occurred (Wood et. al., 2005). Fruit color at harvest can

influence whether or not it is selected, and changes in color are affected by the nutrient balance

in the soil throughout the season (Ferguson and Boyd, 2002). Automation is often used to

separate crops into grades, and identify defects (Kader, 2001). Appearance quality is not always

an indicator of edible, safe produce, however.

Quality standards have an important role to play in the industry. They allow for

standardization throughout the industry, are a marketing tool which provides a common

language, assist producers and handlers in labeling, comprise the basis for reporting, help settle

disputes, and reward top quality (Abbott, 1999; Beierlein et al., 2003; Kader, 2002). US

standards are developed and implemented by the USDA Agricultural Marketing Service, and

inspectors work to enforce standards at shipping points and terminal markets (Kader, 2002).

Despite the importance of standards, they tend to define quality according to aesthetic

appearance, like shape and size, rather than flavor or nutritional value (Abbott, 1999; Kader,

2003). If the market window has passed, or the produce in a field does not meet the specified

standards, the entire field full of edible produce can be abandoned and left to rot (Milepost,

2012).
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Research is still needed on-farm:

Field-based measurement is needed in order to generate more reliable estimates, an idea

that has been promoted by FAO itself for decades (Parfitt, 2010), suggested during the renewal

of interest in food loss and waste (Gunders et al., 2017; ReFED, 2016; Kader 2005), and

requested in proposed U.S. policy (HR 4184, 2015). Other reports suggest further research is

needed to quantify the volume of edible crops that is lost at the production level and what factors

contribute to these losses (Gunders, 2012; Harvey, 1978; Kantor et al., 1997; Lundqvist et al.,

2008).

Studies comparing interview estimates with field-based data in the UK and Scandinavia

have confirmed that growers underestimate losses from the farm, which may be due to poor

boundary definition (Hartikainen et al., 2018; WRAP, 2017). However, consistent among the

field-based studies that have been performed in developed countries is the belief that field

sampling is necessary to corroborate qualitative data based on growers’ perceptions of losses in

the field (Hartikainen et al., 2018; McKenzie et al., 2017; Strid et al., 2014; WRAP, 2017).

Methods to determine remaining volumes quantitatively, including field measurement may be

preferable to qualitative methods (Chaboud and Daviron, 2017; Muriana, 2017; Reutter et al.

2017), and are now available for US production (Johnson, 2018).

Reducing food loss could be considered sustainable intensification:

Concerns over expected population growth have sparked debate surrounding an evolving

concept: sustainable intensification (Garnett and Godfray, 2012). Sustainable intensification is

recognized as producing more food without increasing negative environmental impacts (Pretty

and Bharucha, 2014). However, this definition is subjective and holds a variety of meanings for
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different groups. The concept represents a new twist on the more conventional ways to intensify

agriculture, which included increasing yields, optimizing cropping intensity, or converting land

use to a higher value crop (Pretty and Bharucha, 2014). One of the challenges of sustainable

intensification is that this goal provides considerable latitude for producers to reach it (Garnett et

al., 2013). This brings up the subjective definition of sustainable agriculture once again, as

producers determine whether or not their system of production meets its criteria. Reducing losses

on farms, whether or not the farm uses widely recognized environmentally and socially

beneficial practices, is a strategy that has the potential to increase harvested yield without

increasing inputs of land, water, or chemical resources, meeting the broad definition of

sustainable intensification.

Reducing food loss from farms is likely to be economically sustainable:

Food waste throughout the supply chain, from production through consumption, has been

reported as an economic loss for the US totaling $218 billion (ReFED, 2016). In an economic

analysis from the World Resources Institute, an average benefit-cost ratio for investing in food

waste reduction was determined to be 14:1, a significant financial incentive for businesses

specializing in food manufacturing, retail, hospitality, and food service (Hanson and Mitchell,

2017). The ReFED (Rethink Food Waste through Economics and Data; 2016) collaboration

made the business case for reducing food loss and waste by reporting on twenty-seven solutions

with national scope. Included was analysis suggesting which solutions create jobs, which ones

are economically feasible, and which ones have the highest food diversion potential, among

other metrics. Focusing on prevention of losses, food recovery, and recycling, the options

suggested for the agricultural level include development of emerging markets for produce of low

appearance quality, improvement of processing opportunities for growers, and facilitating
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donation through improving infrastructure and tax policy (ReFED, 2016). Economic analysis

indicates that suggested solutions promoting food donation are cost-effective, provide high

relative net economic value, and can divert high relative volumes of food (ReFED, 2016).

If the entirety of the lost volume were recovered, yields could be increased by an estimated 20%

(Gustavsson, 2011). In that event, the price of fresh produce may be lowered, a cause for concern

among vegetable growers (Berkenkamp and Nennich, 2015). Emerging businesses and programs

are now promoting the sales of blemished or misshapen produce through retail, restaurant

distribution, and direct-to-consumer. Often these programs offer a reduced price for produce of

this type of quality, which may not incentivize growers or distributors. Increased affordability for

consumers, however, could lead to the addition of new consumers, increasing demand.

There is potential to improve the economic sustainability of US fruit and vegetable production,

especially if cues are taken from the rest of the supply chain. However, economic analysis of the

feasibility of expanding sales or increasing donations from farms by reducing field losses has yet

to be completed.

Reducing food loss from farms is environmentally sustainable:

As interest in food loss and waste has soared, actors along the supply chain have

discovered ways to either further utilize waste streams, or optimize forecasting to reduce losses.

As a result, supply chain research has matured into the development of toolkits to reduce waste,

software for tracking and utility, economic analysis, and a national consumer campaign. The US

EPA has produced several guides to measure and reduce food waste at the distribution, retail,

restaurant, and foodservice sections of the supply chain, in addition to a guide for schools and an

overview for any food business (EPA, n.d.; 2014; 2017). Other groups, such as the Food Waste

Reduction Alliance have also created detailed guides for reducing losses and waste (FWRA,
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2015; ReFED, 2018). At the consumer level, awareness and behavior change are targets of the

national ‘Save the Food’ campaign (savethefood.com) by the Natural Resources Defense

Council, which has joined the Ad Council to produce television ads, billboards, and other

outreach. Popular books target consumers as well, such as ‘American Wasteland’ (Bloom, 2010)

and ‘Waste Free Kitchen Handbook’ (Gunders, 2016). This effort could be due to increased

awareness of impacts on climate change, as wasted food in the US results in the annual emission

of at least 113 million metric tons of carbon dioxide equivalents (Venkat, 2011), in concert with

consumers’ desire for sustainability. Food waste fills an estimated 21% of US landfill space

(ReFED, 2016), prompting many groups focused on environmental stewardship to join the effort

to reduce food loss and waste.

Food loss and waste result in a loss of many resources such as water, land, fuel, fertilizer,

and agricultural chemicals that are either inefficiently used in agricultural production, or required

during food processing, distribution and disposal (Hall, 2009; Kummu et al., 2012). An estimated

21% of water, 19% of fertilizer, and 18% of cropland is devoted to producing food that is not

consumed in the US (ReFED, 2016). However, no toolkits exist that suggest ways to reduce

losses in all aspects of the production and marketing of specialty crops such as fruit and

vegetables. Research that works to develop solutions that reduce losses at the agricultural level is

needed. As the utility of crops is maximized, land and chemical resources on farms are used

more efficiently, improving environmental sustainability.

Food insecurity can be impacted by reducing food loss:

The number of food insecure Americans has remained stable for some time, but the

numbers served fall below the number in need (Anderson, 2013). The emergency food system
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was created to temporarily address hunger, but is now operating in conjunction with 15 federal

food assistance programs (Anderson, 2013; Winne, 2005). A network of food banks, food

pantries, soup kitchens, food rescue programs, and shelter-based programs operates nationally

(Poppendieck, 1994). Significant numbers of people struggling with food insecurity do not use

food assistance because it can be difficult to qualify for, locations and hours can be inconvenient,

they may not have facilities for food preparation available, or they do not have correct

information on programs (Winne, 2005). However, food banks still dominate the emergency

food landscape, some with better facilities and programs than others (Winne, 2005).

In a recent article, Patel and Saul (2017) determine that “we need to trash the idea of food

waste as a solution to hunger.” They assert that people “oughtn’t to be smothered with table

scraps,” and that “hunger will only ever be solved with transformative social policy.” On the

other hand, a statement by the (US) National Anti-Hunger Organizations (NAHO, 2016)

characterized national programs including the Emergency Food Assistance Program (TEFAP),

which uses recovered food, as “very effective.” A study evaluating this program in Colorado

found that even as a slight majority had a positive view, 46% of respondents to 64 surveys

perceived the program to be of “little or no help” (Derrickson et al., 1999). Here, the pros and

cons of diverting food waste as a method to address food insecurity are explored.

Recovery of losses from farms could provide nutrient-dense supply:

One of the biggest issues facing food insecure populations is access to affordable fresh

fruits and vegetables (Rose and Richards, 2004). Donations to food banks and pantries are often

not nutrient dense, since the overall food supply is lacking fruit and vegetables in the volumes

needed to support consumers adhering to the USDA dietary guidelines (Krebs-Smith et al.,

2010). In a study of inventory at the Oregon Food Bank, only 66% of donations fell into the
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categories specified by MyPyramid, based on the 2005 dietary guidelines for Americans

(Hoisington et al., 2011). The remainder was condiments, discretionary calories, combination

foods, and unknowns. This food bank could not easily improve nutritional quality, as most of the

food is salvaged, gleaned or donated (Hoisington et al., 2011). In Seattle, interviews with anti-

hunger agencies again revealed that insufficient nutritious foods are donated to food banks

(Otten et al., 2016).

Food insecurity impacts public health, and therefore emergency food networks need more

nutritious options in order to promote meeting dietary guidelines (Hoisington et al., 2011).

Sourcing surplus foods from farms is one way to provide that. While farm losses were not

included in a recent investigation of the nutrients lost as food is wasted, the results suggest 5.9 g

of fiber per capita per day (2.0 g fiber from a vegetable source) are lost in the waste stream,

equivalent to 19% of the recommended daily allowance for adults (Spiker et al., 2017).

An estimated 20.2 million pounds of fruit and vegetable crops are currently unharvested,

or otherwise lost at the farm level in the US (ReFED, 2016). In order for the current fruit and

vegetable supply to meet US dietary recommendations, the supply of fruit would need to double,

and the supply of vegetables on hand should be increased by 70% (Krebs-Smith et al., 2010).

Utilizing more produce from farms would have the effect of immediately increasing the supply

of fruit and vegetables.

US emergency food system currently relies on donations of food that would otherwise be wasted:

There are a variety of opinions on whether or not the use of food that would be wasted is

suitable for addressing food insecurity, although this strategy forms the bedrock of the currently

operating emergency food system (Winne, 2005). The emergency food supply currently relies on

donations, which can be difficult to predict and manage. Donations are driven by the need for
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disposal by retailers and manufacturers, and their relationships with food banks can become co-

dependent (Winne, 2005). Typically, every donation is accepted as food banks must maintain

fragile relationships with donors without complaint, resulting in significant sorting and disposal

requirements at the food bank level, food that may be unfamiliar or difficult to use, and an

inability to negotiate terms for donation (Poppendieck, 1994; Winne, 2005). In addition, as

manufacturers increase efficiency, regular donations can unexpectedly drop in volume or

frequency (Poppendieck, 1994). Management intensity for the recovery of produce crops has

been described as medium since collection, transportation, and infrastructure such as controlled

temperature storage are required, but produce does not require processing or transformation prior

to distribution, as do cereal crops, fish, or meat (Garrone, et. al., 2014).

Donation and gleaning may not work well for growers:

The EPA suggests the donation of excess produce to feed hungry people in their Food

Recovery Hierarchy (EPA, 2015). In addition to increasing the volume and adequacy of the food

supply, this may result in positive outcomes for growers in the form of tax benefits. Food

donation tax benefits were made permanent in the U.S. in 2015, and some states offer tax

incentives for donation (Gunders et al., 2017).

Gleaning fresh produce from the field, which recovers food that would be lost, increases

fresh food in the emergency food supply. However, gleaning can be inefficient due to its nature

as an activity undertaken by charitable groups using a non-agricultural volunteer workforce, and

further research is required to determine how to optimize its output (Sonmez et al., 2015).
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Suggested policies may contribute to positive outcomes for growers and food insecure

population

Benefits to continuing to utilize food waste for food security include the potential for

increasing the supply available, improving community food security, providing an outlet for

volunteer action, increasing the variety and adequacy of food available, and addressing the

immediate need of hunger. However, taken as a group these benefits largely address other facets

of food security, rather than making headway on food access, or further, poverty, which is

widely recognized as the root cause of hunger (Winne, 2008).  Food assistance programs

supported by the federal government that could utilize food waste are contingent on funding, and

they are not dependent on actions that eliminate poverty (Anderson, 2013).

There is evidence to show that incorporating a community approach to food security is

working better than the individual approach (Anderson, 2013; Poppendieck, 1994), and many

examples of using food that would otherwise be wasted could fit well into this approach. Food-

buying cooperatives and community-supported agriculture programs can be considered

community food security programs (USDA, 2013), and some models use surplus agricultural

products as a source of fresh produce. Hungry Harvest, a subscription CSA-style service

headquartered in Baltimore, uses recovered produce sold at a discount to members. They then

donate 1-3 pounds of produce for each box delivered, making that available in underserved areas,

and through police officer delivery to ensure access is also addressed (hungryharvest.net).

Brighter Bites, a Texas CSA-style food distribution program (brighterbites.org) uses “ugly”

produce as a source, and has found that even after their 16-week distribution program ended,

children and parents have increased their intake of fruit and vegetables (Sharma et al., 2016).

Gleaning unharvested produce from farms could also be considered a community food security-
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related activity (Hamm and Bellows, 2003), which serves to both increase the volume and

adequacy of the supply, as fresh produce provides needed nutrient-dense variety to the

emergency food system.

Many states utilize policies on date labeling, animal feed, donation liability, tax

incentives, and organic waste landfill bans (ReFED, 2016), all of which are included in the

current national conversation surrounding food waste, and some of which may impact food

security. Proposed federal policy includes the Food Recovery Act (HR 4184, 2015), the Food

Date Labeling Act (HR 5298, 2016), and the Food Donation Act (HR 952, 2017). The Bill

Emerson Good Samaritan Act was signed into law by Bill Clinton in 1996 (Public Law 104-

210), limiting liability of growers that donate food in good faith. Food recovery and gleaning

supported by the USDA ended early in 2001, however, due in part to the change in

administration (Bloom, 2010).

Policy such as funding agricultural extension programs focused on food loss and waste

and providing more resources to food recovery organizations has been suggested in order to

improve public health in the U.S. (Neff et al., 2015). Other examples of policy-based solutions

could include revision of current grade standards, incentivizing a total harvest, ensuring contracts

are fair, and creating policies that support donation (BSR, 2013; Gunders, 2012). Additionally,

reducing losses in vegetable crops through dietary change may come closer to meeting the food

supply requirements of the country (Chartres and Noble, 2015), by including edible and

marketable vegetables currently lost on-farm.

Creating a new customer base by improving nutrition among the food insecure population

may increase demand. This can be achieved in a way that also benefits growers through Farm to

Food Bank programs which can offer to cover some harvest costs for growers. In Kentucky and
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Indiana, programs list prices available to growers online, usually 95% of the market price for

Number 2 quality produce (ISAFB, 2018; KAFB, 2018). Increasing consumption in current

consumers may be another strategy, as 22.6% of US consumers report eating vegetables less than

once per day (CDC, 2013).

The recovery of food that is currently wasted could be a solution for food insecurity, if

used in concert with effective social policy that takes into account the root cause of hunger. A

rights based approach would change the structure, methods, and outcome of the emergency food

system (Anderson, 2013). Rather than focusing on increasing yield as the US has done, the

international community has tackled improving food access, utility, and the stability of the

supply in order to reduce food insecurity (Anderson, 2013). An assessment of the sustainable

nutrition security found that the US is making progress on metrics such as food nutrient

adequacy, food affordability and availability, sociocultural wellbeing, resilience, and food safety,

but improvement is still needed in areas such as waste and loss reduction and ecosystem

availability (Gustafson et al., 2016). Research that finds solutions to move underutilized produce

into the emergency food system could result in an increase in food supply, which may prompt

changes in the distribution system that impact food access.

Conclusion:

Field-derived data on losses of fruit and vegetable crops in the US is still missing, and

could contribute needed information to the search for solutions that can be scaled up to meet the

supply. Reduction of these losses in agricultural production can be considered sustainable

intensification, a necessary next step in producing a robust food supply with increasingly limited

resources. It may not require restructuring food supply chains to absorb an increase in
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marketable produce that has been recovered. However, the emergency food system will need

support to provide the distribution of an increase in supply that is currently available.

Emphasizing research on food loss in the US, and providing resources that assist growers in

reducing their losses will lead to new knowledge about the overall food supply, and whether it is

sufficient to meet the needs of the population. While farm-level losses have little economic

value, and rarely end up in the landfill, the value to society that could come from recovering

underutilized crops is potentially high. This underutilized resource could positively impact public

health, the emergency food supply, the environment (Beddington et al., 2012), as well as

improve the sustainability of U.S. farms.
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Abstract:

The topic of food loss and waste has risen in importance since the revelation that an

estimated 40% of American food is never consumed. However, losses at the farm level within

the supply chain are not well understood, and economic and growing conditions that dictate

decisions made by fruit and vegetable growers can determine how much food is lost in the field.

Many solutions have been suggested to reduce food loss and waste, but their development has

been informed by concerns at the consumer level, and may not benefit growers. This project

sought to understand how growers make decisions regarding when to end the harvest, and

uncovers growers’ perceptions on solutions that would incentivize them to reduce losses.

Seventeen semi-structured interviews with mid-sized commercial vegetable growers in

North Carolina were conducted, and data was analyzed through open coding. The data drivers as

indicate by growers are several factors that affect food loss in the field, including whether they

have an interested buyer, produce quality, available price, financial risk of product rejection, and

whether or not another field is prioritized. Growers did not perceive losses to be of high enough

volume or value to measure crops that were left unharvested in the field. While some growers do

participate in donation and gleaning, support can be limited by continued negative perceptions.

Solutions for the farm level have been promoted in a few reports without influence from

growers themselves. These solutions include facilitating donation and supporting emerging
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markets that focus on imperfect produce, which did not align well with solutions that growers

perceive as important, such as increasing demand, providing processing infrastructure,

connection to buyers, and a profitable price. Findings from this research suggest that growers

must be included in the development of solutions that reduce food loss at the farm level, and the

solutions that are advanced must incentivize those growers to participate.

Keywords: food waste, food loss, primary production, interviews, farmers, vegetable crops

Introduction:

In North America, the fresh fruit and vegetable crops that are critical to improving public

health are lost at higher rates than other foods, such as meat, dairy, and grain crops (Gustavsson

et al, 2011). Each of these types of foods are lost or wasted throughout the supply chain at all

levels, from production, through distribution, processing, retail, and restaurant, and at the

consumer level. The Food and Agriculture Organization of the United Nations estimates that the

equivalent of 20% of the fruit, vegetables, roots, and tubers that are marketed are lost during

production in North America, typically either left in the field or graded out in packing

(Gustavsson et al., 2011).

Closer scrutiny of the reporting available on food loss throughout the global supply chain

reveals significant knowledge gaps at the farm level in the US, but also in developed countries

overall (Schneider, 2013; van der Werf and Gilliland, 2017). Recent studies that have informed

the recommendation of solutions that reduce food loss and waste rely on very limited agricultural

data from specific farm types (Berkenkamp and Nennich, 2015; Gunders, 2012; Milepost, 2012;

ReFED, 2016). The idea that harvest costs are not supported by prices offered by buyers has
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been discussed at length (Gunders, 2012; Gunders et al., 2017; Milepost, 2012), however, the

role of price in decision-making related to losses has not been explored. Produce quality

standards have been determined to be a significant driver of on-farm losses in Europe, Australia,

and the U.S. (Beausang et al., 2017; Beretta et al., 2013; Garrone et al., 2014; Ghosh et al., 2016;

Gunders, 2012; Gustavsson et al., 2011; Hodges et al., 2011; Kantor et al., 1997; Milepost, 2012;

Parfitt et al., 2010; Priefer et al., 2016), but discussion of the interaction between produce quality

and other factors contributing to losses has not yet been highlighted.

Most research and education projects have focused on reducing post-consumer waste

because of its perceived role as the highest value contributor to food waste in industrialized

countries, because of serious environmental costs, and because it is easier to quantify and track

than on-farm losses (Griffin et al, 2009; Gustavsson et al, 2011; Hall et al., 2009; Kummu et al.,

2011). Focusing on consumer-level waste has shaped how governments and major institutions

conceptualize the issue of waste, and driven the types of innovations and interventions that have

emerged as solutions. Assuming the reduction of food waste is more critical than food loss

potentially excludes a major opportunity for food recovery and vast benefits to society.

The handful of solutions that target losses at the agricultural level are not reliant on a

wide variety of producer opinions, however. Many solutions that aim to reduce agricultural

losses focus are informed by data from very small farms that have the agility to market directly

to consumers, feed animals, or compost. Likely this is due to the fact that so far, the most detail

on farm-level losses has been provided in the U.S. for diverse farms under 25 acres (Berkenkamp

and Nennich, 2015; Snow and Dean, 2016). Although the Minnesota study was one of the very

few data sources for a recent national estimate of farm-level fruit and vegetable loss (20.2 billion

pounds per year; ReFED, 2016), inquiry that focuses on mid-size or large commercial U.S.
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growers can be used to develop solutions that reduce food loss at a larger scale and significantly

increase food recovery.

This project aimed to answer three questions through qualitative inquiry with seventeen

mid-size to large vegetable growers that operate nearly 20% of vegetable production acreage in

North Carolina. When mature crops are ready for harvest in the field, how do growers decide to

stop the harvest? What solutions that will reduce field losses are seen positively by producers

themselves? How are donation and gleaning currently working for growers, and is that a viable

solution to food loss from their perspective?

In the next section we will provide definitions, explore previous research about on-farm

losses that omits mid-size and large farms, discuss the solutions that aim to reduce food loss but

often do not consider producer opinion, and present factors that may influence grower decision-

making during harvest. Next, we will provide an overview of the methods used and describe the

participants, then present the key findings from this research and discuss the application of these

findings to the search for food loss solutions. Overall, we found that growers carefully consider

several key drivers of food loss as they end the harvest, including interest from buyers, produce

quality, available price, financial risk of rejection, and field priority. In addition, growers

suggested solutions like increasing overall demand, that were not well aligned with solutions

supported by economic analysis, and described a variety of existing hurdles for increasing

donations. This research indicates that the perceptions of a small subset of growers is not enough

to inform the analysis and promotion of solutions at a national scale, the available framework

needs input from growers in order to have application for reducing food loss and waste

throughout the supply chain, and that the most cost effective solutions for food loss may not be

the same ones that incentivize growers to participate in reducing food loss.
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Background:

The now prevalent discussion of “food waste” often lumps together losses and waste

throughout the supply chain, but technical definitions have been developed that provide detail for

research purposes. The World Resources Institute includes boundaries in the definition of food

loss, articulating that food is “lost” rather than “wasted” in production, storage, processing, and

distribution stages of the supply chain. In their words, food loss “is the unintended result of

agricultural processes or technical limitations in storage, infrastructure, packaging, and/or

marketing” (Lipinski et al., 2016). This includes the loss of mature produce crops that are ripe

for harvest and intended for human consumption, but that are left unharvested during primary

production due to constraints outside the control of the grower, such as weather and market

demand. This modern definition of food loss differs from “postharvest loss,” which has for

decades been a global concern. Postharvest loss has traditionally been defined as “any change in

the quantity or quality of a product after harvest that prevents or alters its intended use or

decreases its value.” (Kays, 1997). As these boundaries widen to include crops that never leave

the field, greater understanding of the drivers and solutions of crop losses are required in order to

determine which solutions can benefit growers and recover food at the origin of the supply chain,

the field. “Food waste,” on the other hand, is generally related to behavior and occurs within the

retail, restaurant, and consumer levels of the supply chain (Gustavsson et al., 2011; Parfitt et al.,

2010).

The most comprehensive analysis of solutions that aim to reduce losses and waste comes

from a collaboration of businesses in the US, called Rethinking Food Waste through Economics

and Data (ReFED; 2016). They compare economic variables such as profit potential, jobs

created, and economic value, but overlook solutions that aim to increase the ability of farms to
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withstand market and demand fluctuations, a goal common to produce growers. The Food

Recovery Hierarchy (Figure 1.1; EPA, 2015) is the most popular framework that is used to guide

projects that aim to reduce food waste. This model suggests that in order to reduce food loss and

waste, and increase food recovery, it is preferable to begin by reducing the volume of surplus

food generated, followed by donating surpluses for human consumption. Some studies cite

overproduction as a cause of food loss and waste in agriculture or food manufacturing (Gunders,

2012; Gunders et al., 2017; Gustavsson et al., 2011; Mena et al., 2011; Milepost, 2012; WRAP,

2017), which has led to its inclusion in the hierarchy, but this practice can be interpreted in

different ways, and may not be employed by all growers. Likely influenced by the hierarchy, the

only well-developed framework available, the options suggested as solutions focus on a variety

of strategies grouped under prevention, food recovery, and recycling (ReFED, 2016).

Options suggested for food recovery from the agricultural level include development of

emerging markets for produce of low appearance quality, improvement of processing

opportunities for growers, and facilitating donation through improving infrastructure and tax

policy (ReFED, 2016). The economic analysis indicates that suggested solutions promoting food

donation are cost-effective, provide high relative net economic value, and can divert high relative

volumes of food, making them attractive ideas to shepherd forward, possibly through policy.

Just one qualitative study has engaged US growers and packers operating at a commercial

scale that can significantly impact the food supply, reporting that growers display a “strong

reluctance to disclose the data,” yet summarizing wide ranges of losses in six California crops

(Milepost, 2012). The report suggested tax credits for donations, transportation and storage

improvements for donations, marketing imperfect produce, and gleaning for reducing losses at

the agricultural level (Milepost, 2012). However, whether the growers supported this selection of
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solutions was not included in the report. Additionally, the report concluded that more data

collection is needed to understand the volumes left unutilized on farms, and that growers’ input

is required to further develop solutions (Milepost, 2012). Studies in Minnesota and Vermont

have used surveys to gain understanding of farm-level losses of vegetable crops in the US, on

small, diversified farms, primarily under 25 acres. Most used alternative production methods,

and products were often marketed directly to consumers, bypassing the traditional produce

supply chain (Berkenkamp and Nennich, 2015; Snow and Dean, 2016). Farmers who sell directly

to consumers, for example in a farmers’ market, are able to educate consumers about cosmetic

blemishes that may be related to weather conditions. Results from the study in Minnesota

indicated 1 – 30% or more of fruit and vegetable crops are considered by growers to be

cosmetically imperfect, 20% or less of which are donated, and that 95% of respondents would

change their operating practices if a viable alternative market were available (Berkenkamp and

Nennich, 2015). The Vermont study used grower estimates to fuel a calculation of total vegetable

and berry loss in the state of 14.3 million pounds (Snow and Dean, 2016). Studies comparing

interview estimates with field-based data in the UK and Scandinavia have confirmed that

growers underestimate losses from the farm, which may be due to poor boundary definition

(Hartikainen et al., 2018; WRAP, 2017). Other methods to determine remaining volumes

quantitatively, including field measurement, may be preferable and are available (Chaboud and

Daviron, 2017; Johnson, 2018; Muriana, 2017; Reutter et al. 2017).

Fruit and vegetable crops vary widely in physiology and management, and are often

harvested multiple times. Therefore, the decision to continue the harvest, or stop harvesting, can

directly influence how much fresh produce is available in the marketplace, and how much is left

unharvested in the field. When supply is low and commodities are more difficult to source,
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buyers often relax standards for appearance and size quality, and raise them again when the

supply increases (BSR, 2013), making the decision to harvest reliant on these fluctuations.

Decision-making in supply chains is often determined by regulations, such as supermarket

quality standards, but can also be subjective and based on qualitative factors, such as supply

chain actors’ perceptions (Bloom and Hinrichs, 2011; Hatanaka and Busch, 2008). Produce

growers’ decision-making surrounding harvest may work similarly, but the decision to continue

the harvest or not as the season progresses is less well understood. Because the industry is

fragmented and there is little funding for research, there are few operations research and

management science models available to support decision-making in this sector (Zhang and

Wilhelm, 2011). Simple tools like decision trees are often used in model development. Further,

the industrialization of agricultural production has led to an increase in constraints on decision-

making, such as consolidation in the retail sector and increased debt loads (Hendrickson and

James, 2005), increasing the pressure on growers to make profitable decisions. Fruit and

vegetable growers are more tolerant of risk than row crop growers and non-farm business

owners, often due to inheritance of assets (Roe, 2015), making them likely to have interest in

emerging or alternative markets. In combination with the perishable nature of many specialty

crops, the need to manage hours requirements for labor, fluctuating prices,  and the lack of

control over the final produce quality, the decisions made on the farm that lead to or prevent

losses in the field are made under highly variable conditions.
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Methods:

Participant selection and recruitment:

The focus of this research was on commercial producers who sell the majority of their

crops through wholesale market channels, as this group has not yet been studied, and the farms

yield quantities that can impact supply chains. In addition, producers who sell wholesale face

constraints that limit their ability to harvest and market produce that does not conform to

common buyer standards for appearance quality, such as being too large to divert resources to

direct marketing, or too small to support processing infrastructure.

Discussion of food waste is common in media and among consumers. However, growers

perceive losses differently, and it was determined prior to participant recruitment to be a

sensitive topic for growers. Identification of growers willing to be interviewed was slow,

although all participants agreed to be recorded with assurance of confidentiality. The term “food

waste” was avoided during recruitment and interviews to reduce the growers’ perception of

blame or judgement. When addressed directly, it was mentioned in the context of semantics only.

Participants were actively recruited from North Carolina through attending popular

regional vegetable growers’ association meetings and commodity meetings in the Carolinas

throughout 2015 and 2016 and distributing a survey instrument in person to interested growers.

This survey was designed to elicit information about growers’ perceptions of losses on their

farms, including questions on these topics: how much of their crop is left unharvested, the

decision to stop harvesting, their unique market network, which USDA grades they market, and

the most common destination for losses. The last survey question identified growers willing to

further discuss production losses in an in-person interview. When funding allowed, an incentive

was offered for survey responses that were completed and returned. While the number of survey
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responses did not result in data of statistical significance, this method allowed for identification

of growers who were willing to participate in qualitative, semi-structured interviews. In addition,

one grower was recruited through North Carolina Cooperative Extension, and subsequent

growers were identified through snowball sampling wherein study participants provided the

names and information of other growers who they thought might be interested in participating in

the study. Sample size was determined through theoretical saturation, the point at which no new

information is gained from adding more sources (Fusch and Ness, 2015; Riley, 1996).

Interview guide development and procedure

A semi-structured interview format was chosen, as it allows for deviation from a

predetermined set of questions as unanticipated themes emerge (Jamshed, 2014). The interview

guide and accompanying documents were developed, then reviewed and approved by the

Institutional Review Board at North Carolina State University (Protocol Number 6388). Open-

ended questions covered how the decision to stop harvesting is made, how losses are perceived,

what solutions growers thought would benefit them, and perceptions of current solutions such as

ugly produce programs and common donation and gleaning practices. North Carolina growers

were also asked about the volumes of produce lost on the farm, and how that is estimated. Farm

profile information was collected, as well as a few production details. Interviews were conducted

between March and June of 2016, and January to May of 2017. Length ranged from 24 to 97

minutes, with the majority lasting 30 to 60 minutes. Interviews were audio recorded and

transcribed verbatim.

Participants:

A total of seventeen interviews were completed for this project. Interview participants

were primarily located in eastern North Carolina, a major production region in the state.
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Interviewees were farmers or part of the farmer’s family and actively participating in farming,

with the exception of two, who were engaged solely in marketing farm products. The

participants’ acreage focused on vegetable production is shown in Table 1.1. Interview

participants produced vegetables on acreage ranging from 30 acres to several thousand acres.

The average farm size in North Carolina, 170 acres, is less than half the average farm size in the

US (USDA-NASS, 2017a, b). Just over 82% of the interviewees produced vegetable crops on a

larger than average acreage, and would be considered mid-size to large in North Carolina. As a

group, the participants operated approximately 19.6% of the land area devoted to vegetable and

sweet potato production in the state. Agriculture represents North Carolina’s most valuable

industry, at $84 billion, and employs 686,000 people (USDA-NASS and NCDA&CS, 2017).

Thematic analysis:

Interviews were analyzed independently to determine the best approach to thematic issue-

based analysis, which is a type of pattern recognition using familiarity with the data to identify

groups of ideas that converge into a topic, or theme (Rice and Ezzy, 2000). The approach used

here is well described by Weiss (1994), and includes the following steps: familiarization with the

dataset, generation of codes, sorting the codes into themes, reviewing, defining and finally

naming themes. Based on familiarity with related literature, topics of interest and themes were

chosen for a coding framework that aligned with the research questions. However, unanticipated

themes emerged and were included using open coding. The primary author coded the interview

transcripts according to the identified themes, and used NVivo 10 qualitative data software to

make comparisons between and across themes. Some of the codes generated to analyze data

included: when to stop harvesting, percentage estimate, can’t afford to harvest, big picture goals,

donation tax benefits, quality, weather, labor, and many others.
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As the study of food loss in the US is an emerging field, there is much to be learned from

growers. Using a semi-structured interview style allows enough latitude in questioning to capture

rich data, and performing the interviews in-person allows a relationship to develop between

interviewer and interviewee, strengthening the validity of the findings. The transcripts and many

of the quotes selected for this report contain facts, feelings, a message, and bring up larger

themes, indicating the richness of the dataset. Collection of quantitative data in growers’ fields

indicated volumes of produce left unharvested, and the reason for the loss was collected in each

case, providing triangulation for this study.

Findings:

To illustrate the sensitivity of the research topic, a grower producing tomato and pepper

on over 500 acres reacted negatively to the use of “food waste” during the interview: “food waste

is a sore subject with a lot of these farmers. Because, believe me, the farmers would sell

everything that they had if they could make something. But, they can’t give it away. I mean, we

wouldn’t be in business if we did.” As commercial farms must produce uniform products that

conform to quality standards often based on appearance, the nutritional value of the food

produced can be overlooked by growers. A mixed vegetable grower producing on almost 200

acres characterized this phenomenon: “in the industry, whenever it is not marketable, it is not

classified as food, really. … It is a product. … and it is wasted foodstuffs, is what it is.”

Growers decide to stop the harvest through focus on a few key drivers of field loss

Vegetable growers were asked how they determine when it is time to stop harvesting a

given crop. Many horticultural crops continuously produce the vegetable or fruit that is traded in

commerce, and are harvested several times before the grower makes this decision. Some crops
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produce one product per plant, like cabbage. In that case, harvest may still occur several times in

the same field because the heads mature at different rates due to irregular field conditions, and

then the decision is made to discontinue the harvest. As weather conditions vary, market demand

and price fluctuate, and produce crops have high perishability, growers cite urgent decision

making conditions. A grower of 300 acres of mixed vegetables said, “It would be nice to plan it

out … This is all day-to-day. It’s based on what you dealt with that day.” The number of harvests

completed during peak maturity varies among crops and farms, then typically the crop is

abandoned or destroyed, leading to high volumes of edible food lost in the field (Johnson et al.,

in preparation).

Connection to an interested buyer:

The most critical question a grower asks is whether or not a buyer is available who is

interested in purchasing the crop. This leverage point can mean the difference between high rates

of food loss in the field or total utility of the crop, and not only affects the portion left after the

primary harvest, but the primary portion of the crop itself. A sweetpotato and melon grower

working with over 1000 acres characterized his network as small and risky: “basically we only

have two customers … so if either one of those didn’t need us anymore, that would hurt.” Crops

produced that fall outside the range of traditional appearance quality will require identification of

an alternative buyer, or growing the network of buyers known to each grower, which can present

a challenge. A grower of just over 200 acres of cabbage, sweetpotato and peppers did not know

of alternative buyers in the area: “if anybody comes up and wants to buy up what I’m throwing

away, I’ll be more than glad to harvest it and sell it to them.” Marketing a crop, or several crops,

can require branding, different types of packaging, networking, meeting a different set of food

safety certifications for each buyer, or other hurdles. A sweetpotato farm of over 1000 acres
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represented in the interview by marketing personnel, advised, “it takes creativity, it takes making

phone calls every day to buyers you never talk to, to say, I’ll send you free samples, I’ll send you

a free pallet.” These strategies may not be economically feasible for medium-sized growers

without marketing staff.

Additionally, buyers that are in search of a particular vegetable commodity are likely to

only search so far. This presents a challenge if crops mature outside of the window when buyers

seek certain crops in a certain geographic area. A melon and sweetpotato grower working with

700 acres discussed the timing of the watermelon market: “But it all depends on, you know,

Georgia and South Carolina. From where we’re at, it all depends on when they finish, or when

they start. We’re in that window and if they keep on later on and still have good quality, we’re in

bad trouble right here.” This can result in a surplus crop in the production region, with falling

prices and limited connections to the supply chain, a supply that is rapidly losing shelf life, and

finally becoming food loss. A grower of almost 200 acres of mixed vegetables described the lack

of a secondary market for one crop: “Cucumbers have no salvageable value once you leave fresh

market. There’s not a place that will process them and there’s really no place that will take them

and utilize them any other way except for fresh market. So, once that’s over with, it’s gone. It’s

just like cutting off a spigot.” The lack of a ready buyer makes the decision to end the harvest

straightforward, even though edible, mature crops are available in the field.

Quality and condition of the crop in the field:

The crop’s quality is also of critical importance in the decision-making process, and

growers monitor quality throughout the season. A grower producing melons, peppers and lettuce

on over 500 acres talked about how this influences their harvest decision, “We actually take

random samples out of the field, and if we start to see issues, then we are able to make a financial
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decision at that time, whether it’s worth continuing to harvest or not.” Buyers that inspect

produce upon receipt may put similar weight on appearance quality and condition, when only

condition affects shelf-life. Produce inspection training materials provided by the USDA-AMS

(2017) define quality indicators as being permanent and unchanging over the time period spent in

the supply chain, and not affecting shelf life. Quality indicators can include maturity level, size,

shape, color, or other permanent factors such as scarring or cracks. Condition, however, can be

characterized by being progressive in nature. A vegetable in poor condition may be bruised,

decayed, or shriveled, which would only worsen with time (USDA-AMS, 2017). A grower

working with 1,300 acres discussed watermelon left in the field in good condition, but that did

not meet the quality indicator of size: “there’ll be a world of them out there. Yes, they are

watermelons, and yes, they are just as sweet and good as a big one. They’re just not marketable.”

An available buyer and marketable quality are both important to consider for growers as they

determine whether or not to harvest, as shown by this grower of thousands of acres of primarily

sweetpotato, ”Just to give you an example, cabbage pricing got ridiculously low, and we disked

the field up. Just straight disked it up, because we would have lost money. Beautiful cabbage,

too.”

Price available relative to harvest cost:

When a grower has an interested buyer, and the produce quality is desirable, there are

still more factors to consider in determining whether or not to continue the harvest. As the

market price fluctuates with demand, the market is moving around, and all available buyers may

not have been identified by the grower, there may be one price offered to the grower for the crop.

Negotiable or not, the price may or may not support covering the costs required for the continued
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harvest of the crop, which can total 60 – 75% of the costs of producing the crop (Berkenkamp

and Nennich, 2015).

Efficiency related to farm economics was repeatedly emphasized as a reason for

selectively harvesting only the top quality grades. A grower of over 200 acres of cabbage, bell

pepper and sweetpotato summarized his decision-making this way: “If I’m not going to make

enough per bushel to harvest it, I just leave it in the field. … If I harvest it, put it in a bin, and

then it’s not usable, or it’s usable at a price less than my harvest and storage cost, I’m losing

money. I try just to harvest the product in market.” Additionally, a portion of the crop left in the

field does not carry the input costs of harvest, rather production costs only, making the decision

to leave crops in the field less economically important to growers. A grower of over a thousand

acres of sweetpotato and melon discussed crops of marketable quality that are left in the field:

“the thing about that potato, that good one, all that cost you was to raise it, ‘cause they don’t get

paid for picking it up. But when it gets put in that box, that’s the extra two dollars.”

At one farm, more challenges were revealed as transactions rely on relationships and

communication, a grower of over a thousand acres of melons and sweetpotato saying the harvest

is stopped “when the labor costs more than what you can get out of the watermelons. Most of the

time you don’t know that until you go and ship four or five loads too many.” A grower of 300

acres of mixed vegetables summarized the economics of crop production this way, “once you get

that product picked and brought up here, that’s the most expensive produce you’ve got because

you’ve got your labor in it. If you take it up here and then you got to carry it right back to the

woods and dump it out, then you’re better off leaving it in the fields and not even harvesting that.

We run across that quite a bit.”
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Financial risk of rejection or order cancellation:

When a grower has an interested buyer, but the quality of the crop is not optimal, another

question arises. Responding to the question of when the harvest is stopped, a grower of 700 acres

of sweetpotato, melons, cucumber and pepper said “When you have a load or two rejected. Most

times, late in the season like that, it’s because they’re overripe. The best thing you can do is just

walk away from it,” which reveals an interaction between produce quality and the risk of

rejection. As the grower is investing in not only the crop’s production, but its harvest, sorting,

packaging, and transportation, the risk of rejection is a very real financial consideration. A

grower producing peppers, melons, and lettuce on just over 500 acres that was discussing

rejection said, “we’re only trying to make a small amount of profit, and one hiccup could be a

$12,000 back step.” After investing in producing and packing the crop, rejection or cancellation

may mean additional costs such as transportation back to the farm to be repacked, or to an

alternate buyer, a food bank, or a landfill. Order cancellation is another financial risk for

growers. A grower of sweetpotato, melons, cucumber and pepper on 700 acres said, “I’ve

already had PO’s [purchase orders] – hundreds of them – over the years, and they cancel, and

they already sent you the PO. You’ve already got the truck lined up and they cancel. What are

you going to do? What else you going to do with them? And, you can’t fight Walmart and Food

Lion and Kroger.”

Priority lineup of other crops or fields:

Further, the grower must decide whether or not another field is of higher priority for the

available crew’s focus. A mixed vegetable grower working with 450 acres said, “You’ll have

another planting that you planted that’ll come in behind that. We try to plant every three to four

weeks, so that when that crop’s done, we start on a new crop.” Vegetable crops are often
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produced in rapid succession, not only to guarantee regular income over the farm’s production

season, but to ensure tasks are available for the contracted work crew to complete. Similarly, a

mixed vegetable grower working with 30 acres said, “you basically start the next crop as soon as

you finish the one that’s currently being harvested.” Farms in North Carolina often hire workers

through the federal H-2A program, which has hourly requirements for each week (Arcury et al.,

1999; US Department of Labor, 2010). As the maturity and size desired by buyers declines in a

given field, crews may be moved to another field with some urgency, and a field may be

prematurely abandoned if another field is displaying high volume or high quality.

Grower perception of field loss and reducing field loss

Growers were asked if they could estimate how much of the crop was unmarketable due

to quality issues, what methods they use to estimate field losses, and whether or not they have

measured how much is left in the field after the final harvest. This line of questioning seemed to

be difficult for growers, and out of seventeen interview participants, ten did not provide an

estimate. One grower producing tomato, strawberry and peppers on 550 acres described the

variability involved: “Every field would be different and it’d have a different reason. I mean, it

would be the weather, it would be the price. It would be labor.” The overall consensus was that

the produce left in the field, whether it was considered marketable or not, was either of low

enough quantity, or was abandoned due to a series of market conditions congruent with the

decision-making process above, or both. A mixed vegetable grower working with just under 200

acres summarized, “If the time’s right, and it’s time to walk away from it, we just say, ‘okay, it’s

time to walk away from it.’” Further, many growers estimated that the remaining crop had little

to no value in comparison with the costs required to harvest and market it. Therefore, for them,

the remaining crop was not worth measuring, estimating, or considering in general. As a grower
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producing lettuce, melons and peppers on over 500 acres put it: “No, we never estimate it. Once

we get to a point where the quality, the risk of the harvest labor and the packaging and freight,

once the quality is poor enough or our risk is so high to do that, it could cost a lot of money. At

that point we stop. Just stop.” This illustrates how the quality, price relative to the harvest costs,

and the financial risk of rejection are considered in combination to determine when to stop

harvesting, without consideration of the volume remaining in the field.

The quality of the seven estimates provided was not considered reliable enough to report

a percentage of potential yield loss, or a range of losses, in this study. An answer from a grower

producing sweetpotato, lettuce and peppers on 800 acres illustrates this: “We know you leave a

lot of potatoes in the field. At what percent? If I told you a number, it would just be something

I’m pulling out of the air.” The limited reports that cite figures or ranges of produce lost relative

to yield often do not provide this needed context that describes the confidence growers have in

their own estimate. For example, a grower working with 300 acres of mixed vegetables

estimating what was left in the field said, “if you need a percentage, probably 10%, something

like that. 15% maybe. And there again, it’s just a lot of what’s going on in the marketplace. It’s

hard to figure.” Those that answered with a figure couched the estimate in similar context. If a

number was provided, growers were asked what method they used to determine the estimate, and

the consensus was either a visual estimate or no given method, rather than systematic

measurement.

Growers’ perceptions of solutions that should reduce food loss on farms:

The energy surrounding the national food loss and waste discussion has now shifted to

the search for solutions. Hence, this project sought solutions sourced from vegetable growers

themselves, in an effort to determine whether they align with suggested solutions. Growers were
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asked about current approaches to reducing losses, including the emergence of alternative

markets promoting “ugly” produce. Several produce programs and companies have emerged

with this focus, such as national retail, regional foodservice distribution, and subscription boxes

for home delivery, many of which offer a cost savings to customers that also impacts the price

offered to growers. Growers were also asked about their donation practices and whether or not

gleaning is common in their operation.

In terms of solutions, growers reported needing increased demand, more flexible buyers,

and a more consistent market, aligning with the main leverage point identified by the decision

tree. Several expressed what is often considered a cost of doing business, saying it was

impossible to sell the entire crop. A few growers did not have solutions to offer, like the melon

and sweetpotato grower working with 700 acres, who said “well, I don’t know what can cover

our cost, but it’ll be better than leaving it in the field. But covering your cost can be expensive:

packaging, trucking, labor.” As one sweetpotato grower working with 800 acres put it,

“Somebody’s got to come up with a plan.” A grower producing just over 200 acres of cabbage,

sweetpotato and peppers succinctly characterized the criteria for solutions that interested him this

way, “If I can legally make a profit, I’m game for anything.” Consolidating the responses

provided can bring them all together into one theme that growers perceive must be addressed in

order to reduce losses: demand. A grower of three thousand acres of sweetpotatoes theorizing

about future developments in agricultural production said, “as we evolve over time, what you’re

going to see is that the ugly vegetable campaign is going to eventually be a non-issue because the

demand for the product, worldwide, in years to come is going to be such that, there ain’t nobody

going to pay it no mind. I think you’re going to see that demand ... is going to be what dictates.”
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The need for opportunities in processing was mentioned by several growers. Working to

attract companies to the region that process available vegetables with a wide range of appearance

quality is an idea that has the support of area growers, and one grower of 700 acres of

sweetpotato, melons, cucumber and pepper reported recent success: “French fry business has

helped the sweet potato business tremendously. Tremendously. They’re a little on the cheap side,

but it’s better than leaving them in the field. Five years ago, we left them all in the field. We just

left them.” However, the price offered by processors must support the harvest costs of the crop,

which may still need improvement. The grower producing just over 200 acres of cabbage,

sweetpotato and peppers was not connected to a secondary market and asserted, “Processors

won’t pay. They’re used to paying for seconds and unusable for the fresh market, so the prices

are pretty low. I’m not all over looking for process business.”

Responses to the emergence of the “ugly” produce trend varied from concern to

excitement. A benefit of the emerging market for imperfect produce may be that lowered prices

will allow more consumers to buy fresh produce, creating new demand. However, growers have

concerns about this, and one producing sweetpotato, lettuce and peppers on 800 acres

summarized it this way, “I don’t know where this ugly food deal is going to go other than I think

it’s going to hurt the grower more than anything else. It’s going to lower the price of a good

product.” A few growers cited US hunger as the only impetus that would supersede the

requirement for appearance quality.

None of the growers identified overplanting as a common practice, rather they all planted

based on what they sold the previous year, or what was projected to sell in the current year. As a

grower of 300 acres of mixed vegetables put it: “I don't try to over plant. … If you can't sell it

and then you go to the market place and cut the price, well, all you've hurt is yourself and your
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neighbors too. So you're not helping yourself is the way I look at it.” Planting strategy used

currently may lead to losses in the field, however, growers did not see that as falling under the

definition of overplanting. None of the growers interviewed calculated what would be needed for

their markets, then added a percentage above that to account for growth or weather-related

damages. Due to the important risk mitigation function that overproduction can perform if used

on-farm (Gille, 2012; Midgley, 2014), the first step towards reducing losses should not be source

reduction in agricultural operations, in contrast to the EPA Food Recovery Hierarchy (Figure

1.1; EPA, 2015).

Regarding donation, responses were mixed. Some growers donate when possible, mostly

produce that is sorted out in the packinghouse, rather than specifically harvesting produce from

the field for donation, and others do not participate in donation at all. Several growers reiterated

the same idea as one grower producing lettuce, melons and peppers on over 500 acres that was

discussing the tax benefits available for donations. “To be clear on the taxes, they’re claiming

that we’ve already expensed the labor and we’ve already expensed the boxes. So we’re really not

going to get an extra tax break. But, yes, if there was an incentive there, we definitely would do

more of it.” Donation of loads that have been rejected at their destination is common, in order to

avoid paying for freight back to the farm. For example, a grower of thousands of acres of

sweetpotato donates rejected loads, “We do that [donate] if we have a certain rejection in an area

that has a food bank. That’s the only time we do it. We don’t work directly with food banks.”

Two organizations are actively gleaning in eastern North Carolina, the Society of St.

Andrew, a national charity, and a regional organization. Growers indicated local churches and

civic organizations also participate in gleaning. Responses to gleaning were mixed as well, and

the largest grower represented by marketing staff expressed “I don’t even know what that is,”
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when asked about gleaning. Many issues surrounding liability can come up in agricultural

production, as one grower of 1,300 acres of sweetpotato and melon mentioned: “some of the

farms are not owned by me, and the landowner may not want people out there.” Growers can

perceive gleaners as a challenge to maintaining their food safety certifications, as one grower

working with just over 200 acres of sweetpotato, cabbage, and peppers suggested: “I don’t do

that anymore. If they don’t work for me, they’re not in my field. I’m not supposed to, so I won’t

do it.” According to Good Agricultural Practices certification, visitors to fields are required to

follow sanitation and personal hygiene practices in accordance with strategies that can prevent

microbial contamination of produce (Maughan et al., 2016). The certification requirements can

vary by buyer, however, and may require training for personnel in the field. Recommendations

have not yet emerged for gleaning crops after the main harvest season. In order to avoid a

produce recall that can bankrupt a farm, growers may simply avoid activity that could potentially

lead to contamination.

Growers are also subject to a fair amount of theft, when individuals remove crops from

the farm without permission. This can be considered gleaning by growers, alongside the

traditional definition of providing access to fields so that a charitable organization can harvest

crops and provide that food to people experiencing food insecurity. A few growers compared and

contrasted these two gleaning types neatly as negative and positive. One grower of 800 acres of

sweetpotato, lettuce and peppers summarized: “The negatives of gleaning is that the people that

are doing the gleaning will mess up your fields…. They’ll get in front of your truck. Your truck

can’t get out on the field. What most of the growers are doing, is when they finish a field, they

cut it up that day…. It’s sad, there’s a lot of good food wasted, but it’s really aggravating. … We

glean the lettuce. But, they’re told where to go. It’s one of the church groups comes out with the
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people and tells them what to do. It’s supervised. That works good because all we are going to do

with it is cut it up with a machine. Those people will get it, and we get a tax credit for it. I don’t

know how much money it amounts to, but it’s something. It makes somebody eat a little better,

or have something to eat.” This grower’s perspective suggests that individuals removing crops

from the farm without permission are considered “gleaners,” which may negatively influence the

access organized gleaning groups have on farms. Also, it shows that organized gleaning can

result in a positive outcome for growers.

Discussion:

Based on the growers’ responses, themes emerged that affect the volume of produce left

unharvested in the field. These themes were ordered into a decision tree representing questions

growers use to determine whether or not to continue the harvest (Figure 1.2). Findings from this

research suggest that when evaluating whether or not to continue the harvest, a grower weighs

these interacting drivers, ultimately harvesting the field or not. As many of these factors need to

coalesce in order to continue the harvest, the chance of avoiding significant losses in the field by

harvesting again are slim. Addressing the leverage point at the beginning of the growers’

decision tree can influence the rest of the drivers, so promoting further connection with a wide

variety of buyers could minimize wide swings in the volume of losses in the field.

Comparisons can be made with solutions discussed by vegetable growers in North

Carolina and a handful of prevention- and recovery-based solutions impacting the agricultural

level that have been vetted through economic analysis, which are a subset of 27 solutions aimed

at reducing U.S. food waste throughout the supply chain (ReFED, 2016). The solutions focused

on agriculture that have a high projected net economic value and show potential for high
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projected diversion include altering produce specifications for appearance quality and facilitating

an increase in donation through standardizing regulations, promoting tax incentives, and

improving software matching donors with organizations in need of produce (ReFED, 2016).

Developing alternative markets has been suggested as a way to decrease losses at the farm level

(Gunders, 2012; ReFED, 2016). However, this study has revealed that growers may not be

connected to alternative markets as they emerge. To develop relationships between growers and

buyers, networking and workshop panels facilitated by an intermediary partner can be used to

match growers that meet a buyer’s minimum requirements for acreage, packing, food safety and

transportation (Dunning, 2016). Additionally, growers in this study were concerned about the

effect marketing lower produce quality would have on price of their main crop, echoing the

earlier study from smaller farms which discussed cannibalization of the market for higher quality

(Berkenkamp and Nennich, 2015). Based on the responses of growers in this study, a new

hierarchy for food recovery was developed that was tailored to the needs of specialty crop

producers, and is proposed as a starting point for future programs or the development of toolkits

that aim to reduce agricultural losses (Figure 1.3). Development of emerging markets for

blemished or misshapen crops is included with the caveat of price support, and facilitating

donation is included with economic incentive, however, the most desirable option for food

recovery is an increase in overall demand.

The average volume of edible produce left unharvested in the field on primarily mid-size

commercial farms in North Carolina has been reported as approximately 42% of the marketed

crop (Johnson et al, in preparation). On small farms in Vermont, approximately 5% of vegetable

crops considered edible were estimated to be left unharvested (Snow and Dean, 2016). In order

to calculate national food loss at the agricultural level, the average cosmetic imperfection rate of
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11.1% that was determined on small farms in Minnesota was used (ReFED, 2016; Berkenkamp

and Nennich, 2015). In the California study of large commercial growers, the range of estimates

provided by growers of unharvested vegetables left in the field was 1 – 4% (Milepost, 2012).

Thus, a theory that losses occur in a bell curve pattern is presented (Figure 1.4), suggesting that

solutions are still needed for US farms falling into the medium size category that may have

higher losses in the field. Large growers may have the advantage of a marketing department,

expertise with branding and contracts, and significant market power. On-farm processing

infrastructure ranges in complexity, from providing microwavable bags filled with whole

produce, to creating high-value puree for baby food, or chopped and dehydrated produce sold

into the food ingredient marketplace. The USDA defines farm size using a range of gross cash

farm income, specifying that farms with income between $350,000 and $999,999 are considered

medium sized (USDA, 2015). Those growers in the middle range of farm size may have a more

limited market that excludes large retailers (USDA-ERS, 2003). Medium-sized growers are also

less likely to have contracts guaranteeing sales. In 2008, 88% of US farms did not use

contractual agreements to sell their products, and 64% of agricultural production volume was

uncontracted (USDA-ERS, 2011). The largest growers interviewed for this study did not agree to

data collection in the field, did not report an estimate, or reported a very low estimate (1-2%). A

study of Scottish growers working with 10 acres to over 8,600 acres concluded that the portion

of the crop that is not utilized increases with farm size (Beausang et al., 2017), however, very

little field data exists for US crops.

Donation is a preferred method to increase food recovery suggested by the EPA hierarchy

(Figure 1.1; EPA, 2015), motivated by the environmental impact of food waste destined for the

landfill, but may not work well at the agricultural level. Solutions that clarify or improve the tax
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benefits available to growers upon donation are in need, as the current status does not benefit

growers. Food donation tax benefits were made permanent in the U.S. in 2015 through the PATH

Act, and some states offer tax incentives for donation (Gunders et al., 2017). Providing growers a

tax credit that incentivizes donation, rather than a tax deduction, has been suggested as a solution

to reducing losses (Gunders et al., 2017), and many solutions surrounding donation liability and

incentive education have been emphasized due to their cost-effectiveness in comparison with

other solutions (ReFED, 2016). As many farms operate with low margins, the available tax

deductions may lack impact as an incentive since they reduce taxable income, whereas a tax

credit reduces tax liability directly (Harvard and NRDC, 2017). Additionally, donation and

gleaning can present logistical challenges for many growers during a busy season.  Increasing the

efficiency of gleaning operations, as shown in the stochastic optimization model developed by

Lee and colleagues (2017), may alleviate growers’ concerns surrounding the ability to quickly

get back into the field, as well as maximize the volume of produce collected. An increase in

grower participation would improve the volume of produce available (Lee et al., 2017). Further

education on the available tax incentives and donation liability is needed, although growers did

not themselves describe the need.

One of the biggest issues facing food insecure populations is access to affordable fresh

fruits and vegetables (Rose and Richards, 2004). In order for the fruit and vegetable supply to

meet US dietary recommendations, the current supply of fruit would need to double, and the

supply of vegetables on hand should be increased by 70% (Krebs-Smith et al., 2010). Utilizing

more produce from farms would have the effect of immediately increasing the supply of fruit and

vegetables. Creating a new customer base by improving nutrition among the food insecure

population would increase demand. This may be achieved in a way that also benefits growers
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through Farm to Food Bank programs, which can offer to cover some harvest costs for growers.

In Kentucky and Indiana, programs list prices available to growers online, usually 95% of the

market price for Number 2 quality produce (ISAFB, 2018; KAFB, 2018). Increasing

consumption in current consumers may be another strategy, as 22.6% of US consumers report

eating vegetables less than once per day (CDC, 2013). These two strategies may pull vegetables

without a current home into the supply chain, without the increase in demands on land use or

chemical use that may result from a push to increase yield.

Conclusion:

As the food loss and waste discussion turns toward finding solutions that work for

stakeholders along the US supply chain, the farm level also needs attention, as it is the source of

nutrient-dense food that can positively impact public health in the US. Results showed that the

EPA’s food recovery hierarchy that promotes reducing the volume of surplus food produced and

increasing donation, is not suited to agricultural operations. Additionally, the solutions suggested

for reducing food losses at the agricultural level are not well aligned with growers’ suggestions

and may not serve to incentivize them. Medium-sized growers without the ability to market

directly to the consumer, and without processing infrastructure are in need of solutions tailored

to their situation. Growers need increased produce demand and connection to a wide variety of

flexible buyers. Solutions that increase demand may provide more opportunity for growers to

become more economically sustainable. Donation and gleaning are negatively impacted by

perceived problems, but recovered volumes of produce could be increased with greater

participation or efficiency, and facilitated through clear tax benefits and reporting or liability

education.
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This project described qualitative analysis of key decision-making on commercial

vegetable farms in the US that impacts the level of agricultural losses, suggested solutions

supported by growers that can reduce on-farm losses, and determined that the emphasis on

facilitating donation may not be beneficial to producers. Further study in the US, emphasizing

mid-sized commercial growers is required to understand regional differences or trends that may

be present.
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Table 1.1. Acreage devoted to vegetable production, major crops grown, and primary and
secondary markets for seventeen interview participants in a North Carolina study of farmer
decision-making surrounding harvest.

Role in production Vegetable acreage Crops grown Primary market Secondary market
Farmer 30 sweet corn, melons, greens, mixed vegetables retail, restaurant distributor processing
Farmer 115 sweetpotato, strawberry, mixed vegetables retail, restaurant distributor farm stand
Farmer 170 bell pepper, cucumber, cabbage, squash retail, restaurant distributor, terminal markets processing
Farmer 200 sweetpotato, tomato, greens, mixed vegetables retail, restaurant distributor farm stand
Farmer 210 bell pepper, cabbage, sweetpotato retail, restaurant distributor
Farmer 300 greens, melons, tomato, squash, mixed vegetables retail, restaurant distributor farm stand
Farmer 450 cucumber, sweet corn, greens, squash, mixed vegetables retail, restaurant distributor
Farmer 520 peppers, melons, lettuce retail, restaurant distributor, processing farm stand
Farmer 550 tomato, strawberry, bell pepper, peppers retail, restaurant distributor processing, farm stand
Farmer 700 sweetpotato, melons, cucumber, peppers retail, restaurant distributor processing
Farmer 800 sweetpotato, lettuce, peppers retail, restaurant distributor, processing
Farmer 850 squash, cucumber, bell pepper, mixed vegetables terminal markets, restaurant distributor farm stand
Farmer 1125 sweetpotato, melons retail, restaurant distributor, processing
Farmer 1300 sweetpotato, melons retail, restaurant distributor, processing

Marketing staff 1400 sweetpotato retail, restaurant distributor, processing food bank
Farmer 3000 sweetpotato retail, restaurant distributor, processing

Marketing staff 15000 sweetpotato retail, restaurant distributor, processing



59

Figure 1.1. EPA Food Recovery Hierarchy (EPA, 2015).
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Figure 1.2. Decision tree revealing thought patterns indicated by vegetable growers’ responses
when asked how they determine when to stop harvesting a crop.
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Figure 1.3. Proposed hierarchy indicating the most and least preferable strategies for recovery of
food from agricultural operations specializing in fruit and vegetable crop production, based on
qualitative analysis detailing solutions that will ensure growers participate in food loss reduction.
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Figure 1.4. In a theory presented here, field losses may follow a pattern such as the bell curve, as
reported estimates from both very large and very small farms have been low, while reported
losses on medium-sized farms have been high.
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Abstract:

Current estimates of food loss at the farm level are either carried forward from decades-

old estimates that rely on data from small farms using alternative agricultural practices, or they

are based on grower estimates reported during interviews. A straightforward protocol adaptable

to many crops is necessary to provide comparable data that can begin to fill gaps in knowledge

on food loss in the US. Accurate estimation of on-farm losses for fruits and vegetables can

inform ongoing national food loss and waste discussions and farm-level business decisions that

hold potentially positive impacts for farm viability and resource-use efficiency. This paper

describes a straightforward methodology for field-level measurement and demonstrates its utility

on six vegetable crops harvested in 13 fields of a 121-hectare North Carolina vegetable farm.

In this case, results showed that on average, approximately 65% of the unharvested crop that

remained in the field was of wholesome, edible quality, although the appearance may not meet

buyers’ specifications for certain markets. The overall estimated average of vegetable crops that

remained unharvested, yet were wholesome and available for recovery, was 8,840 kg per hectare

on the case study farm. The portion of the grower’s reported total marketed yield that remained

unutilized in the field averaged 57%, a figure greatly exceeding current estimates of farm level

loss. Developing strategies to utilize these losses could enable growers to increase the volume of

fresh produce moving into the supply chain, and represent a path towards sustainable
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intensification of vegetable crop production. The findings and discussion should be of interest to

vegetable growers, agricultural educators, and those working in the food loss and farm

sustainability sectors.

Key words:

food loss, food waste, primary production, postharvest loss, vegetable crops, gleaning

Introduction:

As worldwide interest in the problem of food waste has soared, an important part of the

supply chain is often overlooked: food loss that occurs at the farm level, sometimes referred to as

primary production. In the US, a report by the Natural Resource Defense Council in 2012

sparked renewed discussion by estimating that food intended for human consumption is lost or

wasted along the supply chain from the producer to the consumer at a rate of 40% (Gunders,

2012; Gunders et al., 2017; Hall et al., 2009). However, this calculation does not include food

that never reaches the supply chain, such as unharvested crops or crops that remain in the field

after the primary harvest (Hall et al., 2009). Food loss during production contributes to

significant losses of freshwater, cropland and fertilizer (Kummu et al., 2012), in addition to

capital investments in labor and equipment. Since the crop’s use is not maximized, these

resources are not used efficiently. Utilizing the entire crop produced could increase yield without

increasing land or chemical input usage. This means that reducing farm level losses may be a

path toward sustainable intensification, defined as producing more food without increasing

negative environmental impacts (Garnett and Godfray, 2012; Pretty and Bharucha, 2014). As the

global population continues to increase, debates continue over whether the US needs to increase
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yield in commodity and other crops. An increased need for food and high rates of food insecurity

have historically translated to a push for increasing crop yield, and vegetable growers continually

seek to maximize their production with improved varieties, custom fertility, targeted irrigation,

and complex pest and disease management strategies. An alternate way to increase the volume of

food coming from farms would be to reduce losses, improving sustainability while increasing

food availability (Beddington, et al., 2012; Kader, 2003, 2005; Nellemann, et al., 2009).

Discussion of food loss at the farm level now centers on recent estimates from just a few

organizations, without basis in field measurement. The ReFED collaboration’s (2016) reported

estimate of over 9.2 billion kilograms of food lost at the farm level annually in the US was

derived from 16 grower interviews that concentrated on farms of less than 5.7 hectares primarily

using alternative growing practices (Berkenkamp and Nennich, 2015). The ReFED estimate also

relies on Annual Vegetable Summary data, which reports on the area left unharvested for each

crop, but does not include crops from fields that may have been harvested several times, then

abandoned or destroyed (USDA-NASS, 2017a). Gustavsson and colleagues’ (2011) estimate for

the Food and Agriculture Organization of the United Nations suggests that 20% of fruit and

vegetables in North America are lost at the farm level, which includes both the field and

packinghouse. Their estimate is not based on their own inquiry or field-level measurement, but

instead cites other literature, which in itself is not based on field measurement (Cappellini and

Ceponis, 1984; Golumbic, 1964; Harvey, 1978; Kader, 2005; LeClerg, 1964; Parfitt et al., 2010).

Additionally, these earlier articles approximate losses based on estimated loss to plant pathogens.

These estimates may no longer apply to modern vegetable production, as techniques, varieties,

and efficiency have all improved.
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Globally, researchers agree more study is needed to quantify the volume of edible crops

that is lost at the production level and what factors contribute to these losses.  This is needed to

understand the opportunities available for further utilizing crops either for profit, or to

supplement the emergency food system that can positively impact public health (Gunders, 2012;

Gunders et al., 2017; Harvey, 1978; Kantor, et al., 1997; Lundqvist, et al., 2008; Neff et al.,

2015). The World Resources Institute has developed a standard for reporting food loss and

waste, the Food Loss and Waste Accounting and Reporting Standard, which ensures consistency

in reporting across the supply chain (Lipinski et al., 2016). While that document helpfully

documents criteria for developing reliable measurement techniques in general, it does not

provide specific guidance on techniques to estimate losses at the production level.

The objective of this paper is to describe a method for better estimating volumes of

available marketable and edible produce that remain in the field, based on the results of field-

testing a method on 13 fields of vegetable crops grown on a 121-hectare North Carolina farm in

2016. The aim of presenting this case study is to demonstrate the use of the method through

sampling and scaling of data to better understand what volumes of fresh vegetables are lost on-

farm. Use of this protocol offers growers and others a better understanding of what volume and

quality is left after the primary harvest. Growers may use the information for more informed

decision-making when weighing potential returns vs costs of harvest. Food recovery

organizations may use the data collection method to manage workflow and volunteers in surplus

food management. Additionally, use of the method can be further tested and validated by food

waste researchers, and the estimates generated can inform policy-making related to field losses

for fresh produce.
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Prior Measurement Studies

Field measurement of remaining, surplus, or unmarketable vegetable crops in the US can

be complicated to coordinate and resource-intensive, and results in data from a single time point.

Field sampling techniques provide a more concrete starting point for estimation in comparison to

a grower’s visual or perceived estimate of what remains in the field. This technique overcomes

the limitation of underestimation that often occurs when visual estimates are reported (WRAP,

2017). Field sampling is considered to be a good choice of method when losses are unknown

(Franke et al., 2016) and losses need to be monitored on an ongoing basis (WRAP, 2017).

A few studies involving field measurement of vegetable losses within similar production

management systems to the US industry have been completed in Europe. Hartikainen and

colleagues (2018) used field measurement in combination with a variety of other methods to

determine losses in carrot and onion in Nordic countries. Strid et al. (2014) used field

measurement to assess lettuce crops in Sweden, and WRAP (2017) assessed lettuce in the UK.

For carrots, sample areas of approximately 20 m2 were harvested, samples were weighed, and the

losses per meter of row calculated (Franke et al., 2016). Numbers of piles of onions were left in

the field, and average size piles were weighed and the edible but unutilized portion of the crop

was calculated from these samples (Franke et al., 2016). Both of these studies resulted in data

that was not reported due to a low sample number (Hartikainen, 2018). In the lettuce study in

Sweden, three sample areas of 2.25 m2 or less were marked and harvested, both remaining heads

and outer leaves were collected, and the remaining crop per square meter was calculated (Strid et

al., 2014). Researchers in the UK measured row lengths of unharvested areas of lettuce,

calculating losses from the data (WRAP, 2017). Hartikainen et al. (2018) determined through

questionnaire responses that 26% of the carrot crop and 15% of the onion crop is unutilized but
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considered to be edible in the Nordic countries. On average, 16.8% of the head lettuce crop, or

approximately 3,200 kg/ha of edible and inedible quality (excluding the outer leaves collected),

was left unharvested in the field in Sweden (Strid et al., 2014). The lettuce left unharvested in the

UK study was estimated at 19% of the marketed crop (WRAP, 2017). Providing a protocol for

data collection across many crops could lay the groundwork for consistent data collection,

prompting aggregation of data across regions and time points, thus enabling a better estimate of

the true volume of on-farm losses.

Other related studies in developed countries and the US have used qualitative methods

such as interviews and surveys to report growers’ estimated volumes of edible produce lost at the

primary production level. Almost all of the interview-based studies have emphasized the

imprecision or inaccuracy that may be present in their estimates, one describing a “reluctance to

disclose” data (Milepost, 2012), along with wide variability and no way to confirm the estimates

(Berkenkamp and Nennich, 2015; Franke et al, 2016; Rogers, 2013; Snow and Dean, 2016;

WRAP, 2011). The variability in reporting and data collection method makes the figures

reported by these studies difficult to synthesize. The US studies both focused on farms less than

8 ha in size (Berkenkamp and Nennich, 2015; Snow and Dean, 2016), which may be able to

reduce losses through strategies such as direct marketing to the consumer, which has been

recommended as a solution to food loss on-farm (Gunders, 2012). While a large number of

American farms are small, vegetable farms with positive profit rates providing significant yields

to the nations’ vegetable supply are generally larger than 40 ha, thus indicating a need for studies

that work with farms of this size (USDA-ERS, 2013).

In 2016, North Carolina ranked in the top 10 states for US production of tomatoes,

cucumbers, bell peppers, snap beans, watermelons, squash, cabbage, and sweetpotatoes (USDA-
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NASS, 2017a), making the state an ideal location for vegetable production research in many

crops. The average farm in North Carolina is family owned (93.54%) and has been in operation

for more than ten years (89.18%) (USDA, 2015). North Carolina has over 48 thousand farms

averaging 69 ha, which is less than half the average farm size in the country (USDA-NASS,

2017a, b).

Reporting food loss and waste in other parts of the supply chain, such as the retail or

household level, is often undertaken with a sampling and data extrapolation method (Lipinski et

al., 2016). Estimating yield potential at the beginning of the season uses the same strategy, and

the sampling method recommended here exceeds that which is recommended to growers, which

is 3.05 meters of one row (Maynard and Hochmuth, 2007), for more replicable accuracy. The

method detailed in this report is purposefully straightforward and adaptable to a wide range of

crops and categorizes the remaining crops broadly to enable use by growers and researchers

interested in quickly gathering comparable data on food loss.

Description of the Farm Used for the Field Test Cast Study

The farm highlighted by the case study is owned and managed by a multi-generational

family, and has been in operation for over sixty years. The case study farm is a mixed vegetable

and commodity farm of approximately 121 ha, producing vegetable crops on over half of that

area.

The selected farm is located in an important production region of the state, and produces

the following for the fresh market: cabbage (Brassica oleracea), summer squash (Cucurbita

spp), long green cucumber (Cucumis sativus), green bell pepper (Capsicum annuum), and

eggplant (Solanum melongena). An assortment of vegetable grades corresponding to USDA

grades (USDA-AMS, n.d.) and pack styles from the farm are sold to retailers, foodservice
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distributors, and through produce brokers along the US east coast. This farm employs a broker to

sell what is harvested. There is no branding associated with the farm, and contracted agreements

for volume or price are not used in negotiations with buyers. This farm operation also performs

packing and shipping activities, employing a total of 20 – 50 workers each year.

Methods:

This section describes the method for collecting field samples to estimate the volume of

produce remaining in the field. Samples are collected, sorted, weighed and recorded. That

information is then used to calculate estimates of the volumes of produce remaining in the field

per plant, and per hectare. This evaluation could be considered a food loss and waste inventory

and complies with the Food Loss and Waste Accounting and Reporting Standard (Lipinski et al.,

2016) by reporting all elements of the scope of the method and case study. The global reporting

standard was developed with required elements for reporting food loss and waste in order to

provide basis for comparison across regions. The material type collected in this study was food

and its associated inedible parts, such as short stems. Vegetables sampled were intended for fresh

market and were sold unprocessed, as identified in the fresh vegetable category [GSFA 04.2.1.2]

(FAO-WHO, 2016). The life cycle corresponds with ISIC Rev. 4 code 0113 (UNSTATS, 2017).

Pre-harvest losses, such as losses due to seeds’ failure to germinate or plant loss during the

growing season, were not considered, and no packaging or water was included in measurements.

Samples were collected in 2016 in North Carolina, USA, and the food reported as lost was left in

the field, ultimately being destroyed or incorporated into the soil.
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Information needed prior to sampling:

The calculations used to generate estimates are based on kilograms of produce remaining

per plant; therefore, having accurate information on plant and row spacing are critical. Buyer

quality specifications vary by product and by buyer; therefore, a range of size, shape, appearance

quality, and maturity specifications provided by the grower were used to categorize produce that

was considered marketable (Table 2.1). The grower’s reported yields were used to compare the

crop’s volume remaining in the field to that which had been harvested. Six crops harvested in

thirteen fields were evaluated.

Field sampling method:

The sample area in each field was located at random, though care was taken to avoid field

edges or obvious areas that were non-representative of the field. Three adjacent rows of 15.24 m

length were marked, harvested, and evaluated. In two of the fields, longer rows were sampled.

However, as the aim of the project included quickly estimating the volume remaining in the

field, the length of sample rows was decreased after determining through ANOVA analysis that

there were no significant differences in results between sampling row lengths (Appendix A).

Sampling using three adjacent rows accounts for differences in harvesting technique used by

farm personnel, with the assumption that typically different individuals are harvesting side by

side. However, this sampling scheme does not account for variability in field conditions.

Rows were harvested separately and each row considered as one observational unit. All

vegetables remaining on each plant after the farmer’s decision to cease harvest were collected

into a harvest container. Harvesting here means that each vegetable was detached from the plant

at the time of sample collection. Nothing was collected from the ground or bed that had been

previously detached from the plant for any reason. Visibly diseased, decayed, over-mature, sun-
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scalded or damaged vegetables that remained attached to the plant were also harvested to gather

complete data on the marketable, edible but unmarketable, and inedible portions of the crop. The

marketable portion refers to that product that meets buyers’ current quality specifications—in

other words, the quality standards being used by the grower to harvest and pack particular

grades, corresponding to, or exceeding the quality described in USDA grades (USDA-AMS,

n.d.). Unmarketable but edible refers to product that is edible but unmarketable based on desired

quality specifications (due to size, shape, surface scarring, etc.). Growers often discontinue the

harvest due to a perception of poor quality remaining in the field, and by collecting the entirety

of the crop remaining on the plant and quantifying these categories, a definitive assessment of

how much of the field has succumbed to quality issues can be determined.

Sorting samples into categories:

In this study, the focus was on growers’ opportunity to further market the crop, or the

potential for recovery by emergency food providers. Therefore, as noted above, the categories

used were marketable, edible but unmarketable, and inedible, according to the quality standards

set by the buyer. Vegetable size and shape were assessed using produce inspection equipment

recommended by the USDA-AMS Specialty Crops Inspection Division (USDA-AMS, 2016),

and the lead author completed training from this entity to better understand federal produce

inspection methods and techniques. Specifically, the Caliper II plastic caliper and the General

Purpose Sizer, an aluminum 6-blade set of sizers, were used to determine diameter; an Area

Gauge, IA #30G was used to measure length as well as to size defects and blemishes, and several

Visual Aids were used to determine proper color and characteristic shape (USDA-AMS, 2016).

Harvest knives were used to collect zucchini and cabbage. A CAS PB300 Bench Scale (CAS

Corporation, East Rutherford, NJ, USA) was used in the field to collect weights. This scale is
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legal for trade, accurate to 0.02 kg when measuring 0 – 68.04 kg, and portable. Data was

recorded in kg for marketable, edible but unmarketable, and inedible categories from each of the

three rows separately.

Scaling the sample to a total field estimate:

By determining how many plants are present in each sample row, and comparing that to

the estimated plants per ha (based on the plant and row spacing provided by the grower), a

multiplier is generated that provides a realistic estimate of the plant coverage present under the

field conditions. Once that plant coverage is calculated, the remaining vegetable volume can be

recorded for each category of quality, and the mean volume per plant can be determined. This

per-plant loss in each of the three categories provides a starting point for scaling the data to the

hectare. An alternative method would be to extrapolate up from the area sampled, which may be

more straightforward, but does not reveal estimated per plant losses.

Results:

Using the sampling and scaling method above resulted in some revealing figures. Of the

fields sampled, each provided unique results, as the conditions for production, harvest, and

marketing were individual to the crop and harvest date. Field size averaged 2.73 ha, and ranged

from 1.01 ha to 5.97 ha. The size of the sample taken in each field represented between 0.14%

and 0.90% of the total field area.

Sorting the samples into the categories of marketable, edible but unmarketable, and

inedible provided a clear picture of the quality of produce remaining in the field. The marketable

amount remaining, calculated for each plant in the field (Table 2.2), ranged from 0.00 kg per

plant in cabbage, to 0.29 kg per plant in eggplant, and averaged 0.10 kg per plant over all crops.
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Edible but unmarketable produce ranged from 0.02 kg per plant in yellow squash to 1.48 kg per

plant in eggplant, and averaged 0.25 kg per plant. Inedible losses ranged from 0.03 kg per plant

in green bell pepper and cabbage, to 1.02 kg per plant in eggplant, and averaged 0.18 kg per

plant.

Extrapolating this data using the adjusted plants per hectare provides an estimate of the

volume remaining per hectare (Table 2.2). The estimated marketable volume remaining in the

field ranged from 0 kg per hectare in cabbage to 5,453 kg/ha in long green cucumber, and

averaged 2,909 kg/ha over all fields sampled. Edible but unmarketable vegetables remaining

were estimated to range from 650 kg/ha in yellow squash to 18,528 kg/ha in eggplant, and

averaged 5,931 kg/ha. Estimated inedible losses ranged from 979 kg/ha in cabbage to 12,842

kg/ha in eggplant, and averaged 4,425 kg/ha. Nine of the thirteen fields contained an estimated

2,000 kg or more of marketable crop per hectare after the harvest had been discontinued. Three

out of the thirteen fields contained an estimated 10 tons or more of edible but unmarketable crop

per hectare.

Each field assessment resulted in specific categories expressed, as a percentage of the

remaining crop in the categories marketable, edible, or inedible quality, and the average split is

included in Figure 2.1. The marketable portion of what was left behind in each field averaged

24.37%. The edible but unmarketable portion of what was left in each field averaged 41.45%,

and the inedible portion averaged 34.18%.

The amount of produce left in the field is presented as a percentage of the yield marketed

from the farm in Figure 2.2. Ten fields out of the thirteen evaluated contained marketable

produce equivalent to greater than 10% of the marketed yield. Only one field, cabbage, did not

contain any marketable produce remaining after the grower’s primary harvest. All of the fields



80

evaluated contained produce that was considered edible but would not meet buyers’

specifications, representing amounts greater than the harvested and marketed yield. Seven fields

contained edible volumes in estimated amounts greater than 20% of the grower’s yield.

Discussion:

Increase in marketable yield could be realized immediately:

Current figures in food loss and waste are often reported in estimated percentages. Farm-

level losses for fruit and vegetables are most commonly considered to be 20% of the total

marketed yield, and includes field and packinghouse losses (Gustavsson et al., 2011). Combining

the marketable and edible portions of the remaining produce found in the current study reveals

much higher percentages may be lost at the farm level. Considering both the marketable and

edible crops collected in the fields evaluated, the percentage of losses ranged from 12.2% of the

marketed yield in one of the squash fields, to 142.7% in one of the cucumber fields, and

averaged 57%. This provides strong evidence that continuing the harvest would increase fresh

produce moving into the supply chain, without increasing the use of land or chemical resources.

Even though the increased amount of produce is available to be absorbed into the food supply, an

increase in demand for fresh produce overall, and/or a shift in consumer acceptance of produce

that does not meet traditional cosmetic specifications, may be required first. Further, an increase

in supply may reduce a market price already weakened by the progression of the season, which

in turn makes it economically unfeasible for a farmer to continue harvesting.

In this case study of a commercial vegetable farm, which sold only into the wholesale

fresh produce supply chain, the remaining volume in the field represented a higher proportion of

marketed yield than was reported by other US studies using qualitative methods. Snow and Dean
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(2016) report 15% of the marketed vegetable crop in Vermont is left in the field, according to

grower estimates. Berkenkamp and Nennich (2015) reported a range of 1 – 20% representing the

rate of cosmetic imperfection of vegetable crops, according to grower estimates from their set of

interviews. In this study, the yield that was harvested and marketed from the farm was obtained

from the grower, rather than calculated using county- or state-level data reported to enumerators.

Marketed yields from the case study farm were higher than the 2016 average yield in North

Carolina in cabbage, squash and zucchini, and lower than average in bell pepper and cucumber

(USDA-NASS, 2017b).

The remaining volume in the field that was considered to be marketable according to

current buyer specifications for quality averaged 19.17% of the yield that was marketed from the

farm. This portion of the crop is available immediately when an increase in yield is required, as

long as there is an opportunity to market it. This raises the question: Are losses that are estimated

by growers and others taking only the marketable portion into account? Interview-based studies

rarely make clear if estimates cover all edible produce, or consider only marketable produce as a

loss. With improved market connection and reliable, flexible buyers able to accept a wider range

of produce quality, growers may be able to justify a complete harvest, making use of both the

traditionally marketable quality produce as well as produce of edible quality.

Remaining vegetables available in much higher quantities than are currently recovered:

Vegetable crops may be a good target for recovery. In comparison with cereal grains and

meat, vegetables have high recoverability as they do not require processing prior to distribution

(Garrone et al, 2014). Combining the marketable and edible volumes found after the primary

harvest, the volumes suitable for recovery are potentially vast. The recoverable crop left

unharvested after the harvest averaged 8,840 kg/ha across crop types, which represents over
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80,000 servings per hectare, based on the average serving size for these vegetables of 108.6 g

(FDA, 2008). These figures exceed the lettuce study’s findings, which were based on field

sampling (3,200 kg/ha; Strid et al., 2014), and no other published studies using field sampling

exist for volume comparison.

An extrapolation of crops remaining in the field to the state or other geographic unit can

be used for forecasting recovery efforts, although several limitations exist. The average portion

of the marketed yield that could be recovered from two bell pepper fields (21.34%) was

multiplied by the yield (28,021 kg/ha) and land in production (971 ha) from North Carolina in

2016 (USDA-NASS, 2017b). The potential for recovery of just this one crop in the state would

total 5,806 tons, if this farm’s management style indicates regional production trends. The

Society of St. Andrew, a gleaning organization that operates across the country, recovered 1,633

t of fresh produce in North Carolina in 2015, according to their annual report (SoSA, 2016).

Gleaning 1,633 t of produce required over 10,000 volunteers working during 1,305 events

(SoSA, 2016). This 3.5-fold difference, between what is available in just one crop, and what is

currently recovered in this state, underlines the weighty task ahead of recovery organizations. It

is hoped that knowledge of this opportunity will spark interest in developing new strategies for

large-scale recovery of remaining crops and increasing revenue, in addition to new ways to

increase the efficiency of traditional gleaning activities, new policy initiatives that take the

burden off producers in recovery efforts, as well as further interest in field measurement of

losses.

Metric of kilograms of losses per hectare is suggested for continued research:

Field sampling is resource-intensive but straightforward. In order to make estimates as

accurate as possible, data collection from the point of production, the field, is a necessary step to
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determine how much produce is available, whether the interest is to increase grower profitability

or to increase volumes of recovered produce. More research utilizing field sampling strategies,

either in combination with grower estimates from interviews, or in place of them, will be

required to understand which crops have the greatest potential for recovery or for profit. Using a

standardized method across many crops allows for a standardized metric for reporting, such as

kilograms per hectare. As studies emerge from other regions that report using the same metric,

the true value of on-farm losses in the US can be more accurately estimated.

The marketable portion of the crop that remained in the field (average 0.10 kg/plant)

meets the criteria of the buyers’ specifications for quality, and may be of primary interest to

growers. The edible but unmarketable portion of the crop, averaging 0.25 kg per plant, may be of

primary interest to recovery organizations or alternative markets promoting the usage of

misshapen or mildly blemished produce. Combining the marketable and edible portions

remaining into a recoverable volume results in an average of 0.35 kg per plant, an amount

exceeding three servings of vegetables according to the dietary recommendations for an average

adult (FDA, 2008). With further research, the measure of kilograms of losses per plant generated

through these methods may provide an improved metric for estimation in statewide studies such

as the Vermont study, which began calculations of farm level losses with a total yield rate of

24,412 kg/ha (Snow and Dean, 2016). Extrapolating the data per plant and to the hectare, based

on the adjusted number of plants per hectare, changed the picture somewhat due to plant density,

which varies by farm. This variability between farms suggests kilograms of losses per hectare

may be a more reasonable unit for comparison among crops.
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Mix of produce quality in the field late in the season makes further harvest high-risk:

The marketable, edible, and inedible portions of the unharvested crop present more

information for farm decision-making such as whether to continue the harvest in an attempt to

further market the crop. As trends in produce marketing change, alternative markets may be able

to accept a wider range of cosmetic quality for processing, foodservice, or institutional use. Each

field’s unique data on what portion is marketable and edible will present challenges and

opportunities for further utility.

The combination of edible but unmarketable (41.45%) and inedible quality (34.18%),

averaging over all fields evaluated, totaled 75.63% of the remaining crop volume. This portion

represents risk to a grower who sells into traditional retail markets. If any edible or inedible

quality vegetables are mistakenly packed and shipped within the shipment of marketable

vegetables, then discovered during inspection or receiving, the entire load may be rejected in the

current system, potentially tarnishing the farm’s reputation. The grower in this study

discontinued the harvest in fields where the edible but unmarketable and inedible quality made

up the majority, to avoid this risk. Each field that was evaluated displayed a unique variation of

this split. In nine out of thirteen fields, the portion of remaining vegetables having marketable

quality made up less than one third of the total volume.

On the other hand, combining the marketable (24.37%) and edible quality, in this farm’s

case, total 65.82% of what remains in all fields. With connection to alternative markets that

accept a wider range of produce appearance quality, this portion represents the opportunity

available to the grower willing and/or able to continue the harvest, or to recovery organizations.

Several foodservice distributors, retailers, and other types of direct-to-consumer markets are now

offering an “ugly” produce line to provide consumers with lower-priced options that include
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blemished or misshapen vegetables. Low market prices and a focus on appearance quality

represent some market-based factors contributing to losses in the field (Gunders, 2012; Gunders

et al., 2017; Milepost, 2012). Additionally, the available price may not support the cost of

additional harvests, which account for the bulk of production costs (Berkenkamp and Nennich,

2015).

Limitations

A few limitations prevent the use of the measurement protocol presented in this paper to

extrapolate available produce volumes to a statewide or national estimate. Without a high

number of replications for each crop, it would be difficult to predict whether data from this North

Carolina farm is indicative of trends around the state or nation. Sampling on multiple farms will

be required to further understand these initial findings. Farm-specific results like these can,

however, be used by individual growers to improve management of certain crops in order to

recover more yield, and potentially increase profit from fields that were previously considered

finished. Additionally, depending on field size, planting date, and speed of harvesting crew, the

interval between harvest dates can vary by farm or field. The harvest interval is the time between

harvests that allows the remaining crop to reach maturity. In this study, an attempt was made to

collect samples following the typical harvest interval after the grower made the decision to

discontinue harvesting the field. However, this interval was not reached in all cases, and a few

fields were sampled one day later than the interval required for that crop. This can advance a

mature vegetable into an over-mature, inedible state, or accelerate the likelihood of disease and

damage. It can also advance a small or immature vegetable into the marketable category. In each

of the fields evaluated in the current study, the crop was destroyed after an estimate was made of

the volume of the remaining crop, in order to plant a subsequent crop. The accuracy of the
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sampling and scaling method used for estimation here has therefore not been confirmed through

a harvest using the grower’s field crew.

Conclusion:

Solutions that improve fresh produce recovery efficiency and utilize the entire crop can

contribute to increased profit for growers, support the emergency food system, and contribute to

feeding a growing population. Through innovations in the way crops are produced, vegetable

yields have grown over time. However, further utilization of crops that are edible but may not

meet current buyer standards can increase the available supply of fresh produce in the US,

without increasing the amount of land or chemical resources used in their production. This study

supports the idea that reducing losses in production should be considered an approach to

sustainable intensification of agriculture in the US (Chartres and Noble, 2015). Improving

market connections for growers is a logical first step, and is complemented through the use of a

quick, low-cost means to estimate what remains in the field.

Field evaluations for this case study have shown that the volume of marketable food

remaining in the field can be high in comparison to the marketed volume, which could provide

an opportunity for growers to further profit from the crop they are already cultivating. The

volume of food that could be recovered for human consumption reveals the potential for

recovery organizations to procure even more healthy food. The comparable metric of kilograms

per hectare is suggested for future research in this area. The mix of produce quality found after

the primary harvest indicates the grower’s risk of harvest cost and chance of rejection may

outweigh the opportunity provided by continuing the harvest.
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Results from field sampling and scaling can provide growers with more information to

make decisions on whether or not to continue the harvest. While the data collected for this case

study represents a single time point in the life of each field, it has confirmed that wide variability

occurs at the field level, and that estimates derived from historical approximations or interviews

could be made more reliable with corroboration through field sampling. Based on these

measurements, the estimations of remaining marketable crop will likely increase, which could

alter a grower’s decision on whether to abandon a field. This project has outlined an efficient

method for growers, recovery organizations, alternative markets, or government agencies to use

in order to measure and further understand the volume of losses occurring on vegetable farms,

and has demonstrated its practical usage on one farm. Further research on the amount, types, and

reasons for food loss at the farm level has been recommended, and it is hoped that the method

presented here will contribute to its realization.
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Table 2.1. The range of produce quality indicators covered in each category of marketable, edible, and inedible vegetables collected

after the primary harvest in a field demonstration of a produce loss measurement protocol in North Carolina. Crops evaluated included

cabbage (Brassica oleracea), summer squash (Cucurbita spp), long green cucumber (Cucumis sativus), green bell pepper (Capsicum

annuum), and eggplant (Solanum melongena). Marketable quality according to USDA grades refers to vegetables displaying maturity

and appearance quality that meets buyers’ current quality specifications. Unmarketable but edible refers to vegetables that are of

optimum maturity, but do not meet desired quality specifications for size, shape, or surface blemishes. Inedible quality refers to

vegetables displaying visibly diseased, decayed, or sun-scalded areas, that are over-mature, or have physical damage.

Crop USDA Grades Marketable according to USDA Grades Edible but unmarketable Inedible

 Cucumber
U.S. Fancy, U.S. Extra No. 1,
U.S. No. 1, U.S. No.1 Small,

U.S. No. 1 Large

15.2 - 22.9 cm long, 4.4 - 7.0 cm diameter,
straight, not miscolored, minimal to no

scarring

No size requirements; Quality often observed
was curved, yellow-bellied or other

miscoloration, misshapen, and healed
scarring

Damage, disease, or decay, over-maturity or
sun bleaching

Yellow Squash U.S. No. 1
12.7 - 20.3 cm long, 2.9 - 7.0 cm diameter,

smooth skin, characteristic shape, minimal to
no blemishes or scratches

No size requirements; Quality often observed
was bumpy or ridged skin, uncharacteristic
shape, and healed blemishes or scratches

Damage, disease, or decay; Over-maturity
indicated by firm, dark, uncharacteristic skin

color

Zucchini U.S. No. 1
15.2 - 22.9 cm long, 3.8 - 6.4 cm diameter,

smooth skin, characteristic shape, minimal to
no blemishes or scratches

No size requirements; Quality often observed
was bumpy or ridged skin, uncharacteristic

shape, healed blemishes or scratches

Damage, disease, or decay; Over-maturity
indicated by firm, dark, uncharacteristic skin

color, or greater than 30.5 cm length

Bell Pepper U.S. Fancy, U.S. No. 1

Equal to or greater than 6.4 cm in both length
and diameter; Dry blemishes characteristic

of calcium deficiency are acceptable for
processing

Less than 6.4 cm in diameter or length Damage, disease, or decay

Cabbage U.S. No. 1
1.36 kg or more is considered desirable.

Heads must be firm and free of blemishes or
insect damage

No size requirements, free of insect damage Damage, disease, or decay

Eggplant U.S. Fancy, U.S. No. 1
15.2 - 25.4 cm long, 8.9 - 11.4 cm diameter,
uniform dark purple color, characteristic

shape, no blemishes

No size requirements; Quality often observed
was non-uniform coloration, misshapenness,

or decay in stem area only

Damage, disease, or decay; Over-maturity
indicated by brown or tan skin color, and

maturing seeds
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Table 2.2. Produce samples collected from thirteen fields on a North Carolina farm after the

primary harvest ended were sorted into marketable, edible but unmarketable, and edible

categories, leading to a calculated volume available per plant and estimated volume available per

hectare.

Crop Marketable Edible but
unmarketable Inedible Marketable Edible but

unmarketable Inedible

Green Cabbage 0.00 0.16 0.03 0 5051 979

Yellow Squash 0.07 0.03 0.09 3644 1364 4556

Zucchini 0.09 0.30 0.40 2356 7636 10140

Yellow Squash 0.02 0.02 0.17 903 650 6671

Cucumber 0.16 0.42 0.05 5453 14733 1584

Cucumber 0.10 0.17 0.05 4316 7159 2066

Cucumber 0.13 0.29 0.14 4574 10207 4762

Cucumber 0.11 0.13 0.06 3613 4103 1898

Bell Pepper 0.08 0.04 0.03 2795 1533 983

Bell Pepper 0.12 0.03 0.20 4197 1018 7136

Eggplant 0.29 1.48 1.02 3627 18528 12842

Yellow Squash 0.03 0.04 0.06 1255 1649 2661

Zucchini 0.05 0.15 0.05 1077 3475 1250

Average 0.10 0.25 0.18 2909 5931 4425

Calculated volume available per plant (kg) Estimated volume available per hectare (kg)
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Figure 2.1. Vegetable crops remaining in the field after the primary harvest was completed in

thirteen fields on a North Carolina farm displayed a range of quality, including marketable,

edible but unmarketable, and inedible. The average quality over all fields is shown.
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Figure 2.2. The marketable and edible crops that were left in the field after the primary harvest

was completed in thirteen vegetable crop fields on a North Carolina farm, expressed as a

percentage of the grower’s reported marketed yield.
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Abstract:

Food loss and waste in the US has been estimated at 40%, a figure that does not include

losses at the agricultural level. As consumer food waste is expensive and environmentally

damaging, emphasis there has meant the omission of data collection and the development of

solutions for producers of fruit and vegetable crops. The available estimates of edible produce

lost in the field are based on assumptions and estimates, rather than field data. Therefore, this

project aimed to measure losses in the field in order to understand if estimates are accurate.

Sixty-eight fields of eight vegetable crops were evaluated in North Carolina during the 2017

production season, using a sampling and scaling method. Results indicate the amount of edible

produce that does not meet industry standards for appearance quality exceeds the volume of

marketable produce left unharvested in the field. Combining the marketable and edible volume,

the average produce crops available after the primary harvest was 5,114.59 kilograms per

hectare. Totaling an average of 42% of the marketed yield for these crops, these figures indicate

the need for a reevaluation of the food loss estimates at the agricultural level in the US.

Keywords: food loss, food waste, primary production, postharvest loss, vegetable crops, fresh

produce
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Introduction:

The portion of the American food supply that never reaches consumers has been

estimated at 40%, prompting national focus on the issue (Gunders, 2012; Gunders et al., 2017;

Hall et al., 2009). This estimate subtracts the food consumed in the US from the total supply of

food (Hall et al., 2009), and therefore would be larger if it included food that never reaches

distribution: food lost at the stage of agricultural production. Globally, it is estimated that a

reduction in Food loss and waste (FLW) of 50% in developed countries could lead to a reduction

in the developing world’s undernourished population by 63.3 million people (Munesue et al,

2015). The U.S. has now adopted this target, aiming to halve FLW by 2030, without specifically

including losses at the farm level (USDA, 2015). Reducing food loss and waste could have far

reaching impacts on the triple bottom line of environment, economy, and society in the U.S., and

to that end, many solutions have been detailed (ReFED, 2016).

Food loss and waste (FLW) results in a loss of resources including water, land, fuel,

fertilizer, and agricultural chemicals that are either inefficiently used in agricultural production,

or required during food processing and disposal (Hall et al., 2009; Kummu et al., 2012). An

estimated 21% of water, 19% of fertilizer, and 18% of cropland is devoted to producing food that

is not consumed in the U.S. (ReFED, 2016). “Food loss” is considered to be unintended and

usually results from limitations in agricultural production like market conditions or weather

impacts on produce quality, while “food waste” is considered to be edible food that is unused as

a result of a decision or negligence, and occurs in the distribution, restaurant, retail, and

consumer levels of the supply chain (Lipinski et al., 2016).

FLW has been reported as an economic loss for the US, totaling $218 billion in 2016

when farm level estimates are included (ReFED, 2016), and a loss of over $165 billion in 2008
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without including a farm-level estimate (Buzby and Hyman, 2012). In other sectors of the supply

chain, an average benefit-cost ratio for investing in food waste reduction was determined to be

14:1, a significant financial incentive for businesses specializing in food manufacturing, retail,

hospitality, and food service (Hanson and Mitchell, 2017). Detailing this ratio for agricultural

producers first requires accurate estimates of losses.

Twenty years ago, data on food loss in the U.S. was recognized as being insufficient, and

further investigation was suggested (Kantor et al, 1997). This idea continues to be echoed by

government agencies: the Environmental Protection Agency (EPA), Natural Resources Defense

Council (NRDC), National Science Foundation (NSF), and the United States Department of

Agriculture (USDA) have all called for increased focus on the issue (Gunders, 2012; Gunders et

al., 2017; NSF, 2014; USDA, 2015; EPA, 2015). Studies that estimate fruit and vegetable crops

lost at the production level in the US through field sampling are significantly absent from

Schneider’s (2013) thorough review of food waste research and Van der Werf and Gilliland’s

(2017) review. Both reviews list studies that provide data on losses in agricultural production,

but these use a calculation approach to determine estimates that are based on assumed or

approximated percentages of loss not directly related to actual field estimates.

The most reliable estimate of agricultural losses of fruit and vegetable crops for North

America has been provided by the Food and Agriculture Organization of the United Nations

(FAO), suggesting 20% of the marketed yield of these crops remain unharvested in the field, or

are sorted out during packing (Gustavsson et al, 2011), leading to the assumption that 10% of the

marketed crop is left unharvested in the field, and 10% is lost during packing. This estimate

carries forward figures based on approximations for pathogen-based losses from the 1960’s
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(Cappellini and Ceponis, 1984; Golumbic, 1964; Harvey, 1978; Kader, 2005; LeClerg, 1964;

Parfitt et al., 2010).

The need for more accurate estimates is necessary in order to determine the true

environmental, economic, and societal costs of food loss and waste. However, as consumer-level

food waste represents the highest value contributor to FLW in the supply chain, and because it

may be easier to quantify than agricultural losses, emphasis has remained on consumer-related

waste (Griffin et al., 2009; Gustavsson et al., 2011).  Focusing on consumer-level waste has

driven the development of interventions such as toolkits to reduce waste, software for tracking

and utility, economic analysis, and a national consumer campaign. The US EPA has produced

several guides to measure and reduce food waste at the distribution, retail, restaurant, and

foodservice sections of the supply chain, in addition to a guide for schools and an overview for

any food business (EPA, n.d.; 2014; 2017). Other groups, such as the Food Waste Reduction

Alliance have also created detailed guides for reducing losses and waste (FWRA, 2015; ReFED,

2018). The same types of tools could be utilized to reduce loss in agricultural production.

The omission of the farm level loss discussion in the US is further evidenced by reports

and datasets that provide information on food loss and waste, yet are unable to report farm level

loss due to a lack of data (Buzby and Hyman, 2012; Gunders, 2012; Hodges et al, 2011; Kantor

et al, 1997). The US Department of Agriculture’s Economic Research Service collects the most

comprehensive data available on the US food supply, and their “Loss-Adjusted Food

Availability” dataset omits available supply on the farm (Buzby et al., 2014). The USDA’s

National Agricultural Statistics Service comes closer to reporting on farm supply that is

unutilized, reporting grower survey data on planted area that was not harvested in each year’s

vegetables annual summary (USDA-NASS, 2017). However, this data leaves out fields that have
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been harvested once or several times, but are still producing a viable crop that is subsequently

destroyed.

Fruit and vegetable crops are lost at higher rates than other food groups globally due to

their perishable nature, and in developed countries are lost at the agricultural level at higher rates

than during postharvest, processing, distribution, and consumption (Gustavsson, 2011). At the

agricultural level, produce is lost when it is left unharvested in the field, or sorted out during

washing and packing. Some of this loss is due to damaged, diseased, or overmature produce.

However, a portion of the food lost is edible, safe, and nutrient-dense. Produce recovery from

farms is straightforward, as it requires no change to the harvesting, marketing and handling

systems in place, and uses current labor structures. Additionally, fresh produce has the potential

to be a more recoverable food group than meat, dairy, and grains, as it requires little or no

processing before distribution (Garrone et al, 2014). A recent report from a collaborative focused

on reducing food loss and waste has provided a volume estimate, suggesting that 9.2 billion kg of

produce remains on the farm in the U.S., basing this figure on interview estimates from small

farms and national data on planted acreage that was not harvested (ReFED, 2016; Berkenkamp

and Nennich, 2015; USDA-NASS, 2017).

Field measurement of unharvested crops has been used as a strategy to estimate losses in

a few studies in Europe, and a replicable sampling method adaptable to a wide variety of crops

has now been described for US production (Johnson, 2018). As underreporting is a common

problem when using grower estimates (Franke et al., 2016, WRAP, 2017), field sampling

provides systematic evidence of the quantity and quality of crops left unharvested in the field,

and is considered vital when losses are not known (Franke et al., 2016). In US studies, grower

estimates and not field sampling have been used to determine losses in the field. Berkenkamp
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and Nennnich (2015) reported that most cabbage growers and nearly half of summer squash

growers surveyed estimated the rate of cosmetic imperfection found in these crops was between

one and ten percent. Snow and Dean (2016) reported that small, diversified farms in Vermont

leave just 5% of edible vegetables unharvested in the field. Estimated head lettuce left in the

field according to grower interviews on large commercial farms in California was reported as 4 –

10% (Milepost, 2012).

This project aimed to determine whether the current food loss estimates available are

supported by data, using field sampling to quantify edible vegetable crops at the production level

in the US. The focus of this study is on commercial-scale production in the southeastern region.

The first step in understanding the true cost of food loss at the farm level in the U.S. hinges on

accurate estimation of the volumes of losses.

Methods:

This section provides a condensed version of the method used by the author to harvest

and evaluate field samples of eight different crops, which were then used to estimate the produce

remaining per acre in the field after the grower determined their harvest was complete (Johnson,

2018). The reporting includes several elements in order to be in compliance with the Food Loss

and Waste Accounting and Reporting Standard (Lipinski et al., 2016). The material collected

was food and its associated inedible parts, such as watermelon rind, or cabbage and pepper stems

and cores. The produce was destined to be sold unprocessed and intended for the fresh market,

conforming to the definition of the fresh vegetable category [GSFA 04.2.1.2] (FAO-WHO,

2016). “Growing of vegetables and melons, roots and tubers” represents the correct International

Standard Industrial Classification of All Economic Activities Rev. 4 code 0113 that corresponds
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to the life cycle stage of the produce (UNSTATS, 2017). Samples were harvested and evaluated

entirely in North Carolina, USA, in 2017. Losses reported here were left unharvested by the

producer and after measurement, were either incorporated into the soil or destroyed in order to

plant another crop, as the final disposition intended by the grower. Measurements did not include

water or packaging, and pre-harvest losses such as losses of plants due to insect or disease

damage were not considered.

A total of 68 fields of eight vegetable crops were evaluated on nine commercial farms in

eastern North Carolina, an important production region in the state. Many of these farms

produced more than one crop, and the number of fields and farms assessed for each crop was

variable. However, the sampling and calculation method for estimation was the same for each

crop. The fresh market crops were sweetpotato (Ipomoea batatas), watermelon (Citrullus

lanatus), cabbage (Brassica oleracea), summer and winter squash (Cucurbita spp), cucumber

(Cucumis sativus), bell pepper (Capsicum annuum), and sweet corn (Zea mays L.). The selected

crops are common in the state, and include several crops with long shelf-life, that could be

desirable to the emergency food supply. Further, several of these crops show some feasibility to

market as cosmetically imperfect according to growers, including: sweetpotato, watermelon,

summer and winter squash, cucumber, and bell pepper (Berkenkamp and Nennich, 2015b).

Three rows of 15.24 m length were identified at random, as suggested by the method

described by Johnson (2018). Rows were marked, and separately harvested, collecting any

remaining crop, whether damaged or whole. In larger fields, more than three rows were

evaluated in order to sample at least 0.1% of the field area. Surviving plants in each marked row

were counted in order to adjust the growers’ provided plant density to the figure more

representative of the field conditions.
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The sample collected was sorted into categories of marketable, edible but not marketable,

and unfit for human consumption, using USDA quality indicators and equipment for produce

inspection (USDA-AMS, 2016). Produce quality indicators such as size, shape, and maturity

were used to evaluate each vegetable to determine whether or not it met the requirements for

marketable quality, which was considered U.S. No. 1 grade or higher (such as U.S. Fancy)

common to the fresh produce trade. Although the market available to each grower differed, the

minimum requirements for quality reported by each grower met the description of U.S. No. 1 for

each vegetable crop evaluated. Attention was given during sorting to the difference between

quality and condition, in order to comply with USDA Agricultural Marketing Service

instructions for inspection (USDA-AMS, 2017). Quality refers to unchanging aspects of produce

quality such as size, shape, and scarring. Therefore, produce of sound quality and desirable

maturity was considered marketable or edible, depending on whether traditional specifications

for size and shape were met. Condition refers to any blemish or state of a progressive nature that

could reduce the shelf-life of the produce. Therefore, produce that displayed bruising, cracking,

decay, or other physical damage was considered unfit for consumption.

Weights were recorded in kilograms, using A CAS PB300 Bench Scale (CAS

Corporation, East Rutherford, NJ, USA), and each row was evaluated as a separate unit. The

mean volume harvested per plant was calculated in each of the three quality categories, and the

adjusted plant density was used to scale the sample to one hectare, resulting in a unit of

kilograms per hectare.
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Results and Discussion:

The 2017 field study provided a snapshot of losses in the field and details that provide

insight into potential missed opportunities to reduce field loss in vegetable production. Sixty-

eight fields were evaluated. The mean field size for each crop ranged from 1.07 ha to 11.13 ha,

and averaged 4.70 ha (Table 3.1). Crop data was collected immediately after communication

with growers indicated the crop had been abandoned and destruction through herbicide

application or disking was imminent. The target sample area was at least 0.1% of the field area,

and the mean field size for each crop is presented (Table 3.1). This target was reached in all of

the crops evaluated except the winter squash (n=4, 2 farms). All crops were hand harvested

except two fields of sweet corn (n=4) on the same farm, which were mechanically harvested on

one date. Taken together, study participants farm approximately 7% of the state’s land area

devoted to vegetable and sweet potato production. In North Carolina, agriculture represents the

state’s most valuable industry, at $84 billion, and employs 686,000 people (USDA-NASS and

NCDA&CS, 2017).

Field measurement indicates high volumes left unharvested:

The volume of crop remaining unharvested per plant was calculated. The mean volume

collected per plant for each crop in the Marketable category ranged from 0.011 kg in cabbage, to

2.473 kg in watermelon, with high relative standard deviation across all crops (Table 3.2). The

mean volume of edible produce that was left unharvested per plant also ranged widely and

displayed high overall standard deviation suggesting high variability. The harvested volume per

plant that was unfit for consumption is also reported.

A comparison of minimum, maximum, and average quantities per hectare in each

category can be used to identify potential business opportunities (Table 3.3). Growers can use
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data specific to their farm using the same method to determine which of their crops may have the

potential for higher utility and possible profit. Marketable volumes found in the cases of bell

pepper, sweet corn, watermelon, and sweetpotato were determined to be above 2,000 kg/ha on

average. The volumes remaining in the field that were of edible quality were higher overall,

suggesting an opportunity exists for further utility, possibly in foodservice, processing,

alternative markets, or the emergency food supply. With averages exceeding 3,000 kg per

hectare, cabbage, cucumber, bell pepper, sweet corn, and watermelon may all be good candidates

for exploration of alternative markets that have interest in these crops. In this region, companies

that accept a wider range of produce quality are emerging, particularly those that provide a

subscription service, and programs in foodservice distribution are accepting blemished and

misshapen produce.

Sweet potato is the most important crop in the state, with nearly 40,000 hectares in

production (USDA-NASS and NCDA&CS, 2017). It is gaining in popularity in European

markets and is often exported from North Carolina. The recent disappearance of several local

processing facilities that have the capacity to handle surplus may have contributed to an excess

of marketable, but small, potatoes in the field. Limited storage capacity on farms also leads to an

emphasis on harvesting just the potatoes that meet standards for retail and restaurant use. This

long-storing, nutritious crop is often the target of organizations such as the Society of St.

Andrew, who gleaned 7.6 million kg of produce from fields and farms in 2016 (SoSA, 2017).

Applying the 3,167 kg/ha marketable mean representing four farms (n=13) to the area devoted to

the crop statewide (39,659 ha; USDA-NASS and NCDA & CS, 2017) suggests over 125 million

kg of marketable sweet potatoes may be available in the field after the primary harvest has been

completed.
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Combining the marketable and edible volumes available in the field provides insight into

the opportunity for further utility through alternative channels, which is a loss-reduction strategy

that have been suggested (Gunders et al., 2017; ReFED, 2016). Also, produce recovery has been

recommended as a solution that reduces losses at the agricultural level (Gunders, 2012; Gunders

et al., 2017; EPA, 2015; Neff et al., 2015; ReFED, 2016). The grand mean of produce remaining

in the field that was either edible or marketable (excluding watermelon) was 5,114.59 kg/ha.

A recent estimate suggests over 9 billion kg of fruit and vegetables are lost from

packinghouses and left unharvested in fields, a figure derived from the combination of grower

estimates from small farms and data on unharvested acreage (Berkenkamp and Nennich, 2015;

ReFED, 2016; USDA-NASS, 2017). Applying the grand mean from this study to U.S. vegetable

planted acreage in 2016 (1,145,260 ha; USDA-ERS, 2017), again excluding melons, suggests

nearly 5.9 billion kg of vegetables are left in fields in the U.S. This calculation does not include

fruit, nor data from the packinghouse level. With the addition of field-derived data like this,

estimates can be strengthened through the reduction of underreporting and minimization of

assumptions. However, this approach also suggests more data is needed, and that the

incorporation of field data may raise estimates of produce lost on-farm.

An important reason growers cite as leading to unharvested crops is that the market price

offered does not support subsequent harvests after the highest quality has been collected

(Gunders, 2012; Gunders et al., 2017). The harvest cost can total 60-75% of production costs

(Berkenkamp and Nennich, 2015), so each harvest event raises costs dramatically, without a

guaranteed return.

The available volumes remaining in the field present an opportunity to impact society

through making more produce available to the emergency food supply, but may not result in
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profit to growers as the supply chain market system in the U.S. is based on demand. Policy such

as providing more resources to food recovery organizations has been suggested in order to

improve public health in the U.S. (Neff et al., 2015). Dietary change that moves the population

closer to a plant-based diet could mean more land availability to support the food supply, while

utilizing more vegetable crops (Chartres and Noble, 2015). Krebs-Smith and colleagues (2010)

suggested that the vegetable supply needed to increase by 70% to meet the dietary needs of the

U.S. population based on current FDA recommendations. While farm losses were not included in

a recent investigation of the nutrients lost as food is wasted, the results suggest 5.9 g of fiber per

capita per day (2.0 g fiber from a vegetable source) are lost in the waste stream, equivalent to

19% of the recommended daily allowance for adults (Spiker et al., 2017). An Oregon Food Bank

study revealed that approximately 16% of the distributed foods were vegetables, closely

matching the combination of the discretionary and condiment categories (15%), which suggests

need for improvement in nutritional quality of emergency foods (Hoisington et al., 2011). An

increase of vegetables in the U.S. food supply could have a variety of positive impacts on public

health and food security, but an increase in demand may be necessary for current agricultural

practices to change.

Field losses in comparison with marketed yields higher than previously approximated:

The volumes of produce lost in the field were compared with the most recent three-year

average marketed yields available for each crop in North Carolina (USDA-NASS and NCDA &

CS, 2016; 2017). Growers often make the decision to stop harvesting fields based on their

perception of reduced marketable quality available in the field, which was confirmed by the

relatively low average rates of marketable quality left in the field (black bars; Figure 3.1).



108

In the current study, the overall average of the marketable crops left unharvested totaled

16% of the marketed yield, which aligns with suggested rates, revealing the possibility that

growers consider only the marketable crops left behind as a loss when providing estimates.

Marketable cabbage and summer squash left unharvested totaled just 1% of the marketed yield,

which could serve to confirm very low estimates provided by growers in U.S. interview studies,

depending, again, on what growers consider edible produce in their reported figures. The only

studies to date that have investigated unharvested crops in the field in the U.S. and report related

figures are based on interviews and surveys with growers, which may be influenced by negative

perceptions surrounding food loss and waste (Berkenkamp and Nennich, 2015; Snow and Dean,

2016; Milepost, 2012). The studies providing the most detail on crop-specific losses are focused

on diverse, small farms under 10 ha, many of which use alternative growing practices

(Berkenkamp and Nennich, 2015; Snow and Dean, 2016).

When edible produce of correct maturity and condition conducive to long shelf-life are

included, a more accurate picture of the produce that could be recovered and utilized available in

the field is presented which increases the rate of losses in all crops (Figure 3.1). Results indicate

that the overall average rate of produce crops evaluated remaining in the field that could be

utilized was 42% of the three-year average marketed yield in North Carolina. The estimate

derived from this study is much higher than national estimates, suggesting more field-based

measurement is needed in order to generate more reliable estimates, an idea that has been

promoted by FAO itself for decades (Parfitt, 2010), suggested during the renewal of interest in

food loss and waste (Gunders et al., 2017; ReFED, 2016; Kader 2005), and requested in

proposed U.S. policy (HR 4184, 2015).
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In the absence of U.S. field-derived estimates of losses, comparisons with other

developed countries can be made.  In European countries, field measurement has resulted in

carrot, onion Franke et al., 2016), and lettuce (Strid et al., 2014; WRAP, 2017) estimates, which

determined that 26% of the marketed carrot crop, 15% of the marketed onion crop, and 16.8% to

19% of the marketed lettuce crop was left unharvested in the field in primary production. In

Australia, field measurement of tomatoes indicated 28.7% of the marketed yield was left

unharvested in the field (McKenzie et al., 2017). The Australian study indicated that this figure

included field-graded tomatoes that had been discarded on the ground by pickers or dumped

from harvest-aides, which this study would have considered unfit for human consumption due to

food safety concerns. The Swedish and English studies on carrot, onion, and lettuce indicated

that edible volumes were included in their estimates, rather than marketable volumes only, which

was consistent with this study.

A concern with emphasis on interview estimates from growers is that only the marketable

portion may be considered, and comparison between interview estimates and field measurement

in the UK revealed that growers’ estimates can be unreliable (WRAP, 2017). Differences in crop

types studied, production regions, and sampling methods used could lead to differences among

the studies, which is true in this case as well. Additionally, differences in what has been included

in reported figures can confound comparison, so clear boundaries need to be specified in

reporting (Beausang et al., 2017). However, consistent among the field-based studies in

developed countries is the belief that field sampling is necessary to corroborate qualitative data

based on growers’ perceptions of losses in the field (Franke et al., 2016; McKenzie et al., 2017;

Strid et al., 2014; WRAP, 2017). The primary benefit of field measurement is that it provides

assumption-free, sample-derived estimates of the amount of edible produce lost, rather than a
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broad rate of loss that does not distinguish what is included. Because estimates of food loss and

waste at national levels can vary widely based on data sources and assumptions, systematic

research is necessary to determine baselines for reduction (Bräutigam et al., 2014).

Conclusion:

This report represents the first exploration of using field measurement to determine losses

of a wide range of vegetable crops grown at the commercial scale in the US. A straightforward,

replicable method was used to collect field data (Johnson, 2018), leading to more accurate, field-

based estimates. Excluding melons, the grand mean of produce left unharvested in the field after

the primary harvest was completed was 5,114.59 kg/ha. The average rate of losses when

compared to North Carolina marketed yields was 42%. These figures are offered to supplement

the current estimates, and highlight the need for further research in this area, as they are much

higher than the assumption and interview-based estimates currently used to calculate economic,

environmental, and social costs of food loss and waste in the U.S.

The emphasis on the consumer level of food waste in the discussion of food loss and

waste is driven by the great economic losses generated by food that has traveled through the

supply chain. Farm-level losses aren’t as visible and have less economic value than consumer

food waste. However, the value to society that could come from recovering these nutrient-dense

crops is potentially high, and could positively impact public health and the emergency food

supply in the U.S., as well as the environment (Beddington et al., 2012). A 25% percent

reduction in U.S. food loss and waste was estimated to feed 20 million people per day (Kantor et

al, 1997). As food insecurity affected 15.6 million households in the U.S. in 2016, redirecting

FLW into the emergency food system is expected to positively impact this population (Coleman-
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Jensen et al., 2017; EPA, 2015). Utilizing more produce while reducing agricultural inputs such

as land, water, and chemicals falls under the definition of sustainable intensification (Godfray,

2015), a concept that has been embraced by the federal government (NRC, 2010), but which

lacks directives to implementation (Pretty and Bharucha, 2014). The results from this study

contribute missing information to the discussion on food loss and waste reduction at the

agricultural level. Further data collection using comparable methods in vegetable production

regions around the country will continue to strengthen U.S. estimates, leading to a greater

understanding of the most cost effective solutions to reduce losses.
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Table 3.1. Description of fields sampled for vegetable loss study in North Carolina. Includes the
number of fields sampled (n), the number of farms on which the samples were collected, the
mean field size (ha), and the portion of the field area that was sampled.

Fields
sampled (n )

Farm
locations

Mean field
size (ha)

Portion of field
area sampled (%)

Cabbage 7 3 2.51 0.36
Summer Squash 12 4 2.82 0.69
Cucumber 9 3 2.54 0.40
Bell Pepper 9 3 5.12 0.19
Sweet Corn 4 2 1.07 0.78
Winter Squash 4 2 11.13 0.06
Watermelon 10 4 8.17 0.19
Sweetpotato 13 4 5.29 0.14
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Table 3.2. Mean volume (kg) and standard deviation as calculated per plant in the sample area
for each crop evaluated in a North Carolina study of vegetable losses in the field.

kg/plant
mean std dev mean std dev mean std dev

Cabbage 0.011 0.009 0.142 0.148 0.150 0.134
Summer Squash 0.004 0.005 0.046 0.031 0.271 0.317
Cucumber 0.050 0.031 0.213 0.127 0.229 0.351
Bell Pepper 0.106 0.049 0.114 0.051 0.085 0.051
Sweet Corn 0.036 0.032 0.051 0.027 0.063 0.023
Winter Squash 0.079 0.073 0.148 0.048 0.773 0.446
Watermelon 2.473 2.245 2.310 1.800 4.338 1.849
Sweetpotato 0.110 0.056 0.066 0.044 0.011 0.012

Marketable Edible Unfit
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Table 3.3. Comparison of marketable, edible, and unfit volumes of produce remaining
unharvested in the field after the grower has ended the primary harvest in a North Carolina study
of eight vegetable crops.

Min. Max. Avg. Min. Max. Avg. Min. Max. Avg.
Cabbage 0.0 695.4 307.4 328.1 9547.1 3407.1 191.5 7624.4 3693.9
Summer Squash 0.0 331.8 88.9 17.9 1366.5 871.2 1096.2 10598.2 6095.1
Cucumber 0.0 3179.5 1887.3 4696.7 16319.9 8124.5 561.2 37839.7 7996.6
Bell Pepper 1494.6 6022.4 3212.1 2238.8 5994.7 3394.4 1429.5 5336.1 2464.0
Sweet Corn 77.0 4956.1 2089.2 1060.9 4659.0 3064.7 1877.1 5016.9 3719.6
Winter Squash 0.0 3973.2 1427.0 681.6 3357.0 2198.1 3687.8 30943.7 12721.7
Watermelon 0.0 37360.5 12425.3 649.9 39467.1 11572.1 9653.2 36794.0 20493.9
Sweetpotato 1346.5 8412.5 3577.2 620.1 6419.0 2153.0 0.0 1652.3 365.4

Marketable (kg/ha) Edible (kg/ha) Unfit (kg/ha)
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Figure 3.1. The portion of the 3-year average North Carolina marketed yield that remains in the
field for eight vegetable crops. Percentages included are marketable produce that meets
traditional buyer specifications for quality, and produce that is edible but may not meet
specifications.
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STRATEGY AND CURRENT STATUS OF SOLUTIONS PILOTED IN NORTH
CAROLINA THAT HAVE POTENTIAL TO REDUCE FIELD LOSSES OF

VEGETABLE CROPS

Introduction

Results from research that determined how much edible food is left unharvested, and how

the decision is made to end the harvest suggest the hurdle to food recovery in agriculture is the

logistical and economic challenge of harvesting crops that are considered surplus, or that mature

outside of the marketing window. However, suggested solutions for the reduction of food loss

and waste have been shaped by the emphasis on consumer food waste, rather than the loss of

edible food at the agricultural level. Nutrient-dense vegetable crops have the potential for great

social impact, even though the economic and environmental costs of leaving crops unharvested

may not be substantial in comparison to waste occurring later in the distribution chain.

One of the outcomes of the initial research for this project was the award of a large grant

geared towards incorporating surplus crops into the supply chain, which will continue into 2019.

The Whole Crop Harvest Initiative aims to: create protocols for measurement of crops remaining

in the field, understand the economic impact on growers of selling these products, test scenarios

that bring products to market, develop and test a mechanical harvest-aid, and share information

found with growers.

Several pilot projects have been undertaken with the specific goal of facilitating the

utilization of more of the crop grown, with a focus on either generating further profits for

growers, or supplying more food into the emergency food system. Promoting more connection to

alternative buyers through the creation of a value chain emphasizes connection to new buyers.

The construction of a mobile dehydration unit focuses on value-added processing. The

development of an adaptable harvest-aid attempts to make the harvest itself more efficient. These
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projects have had varying degrees of success and adoption, and are in various stages of

completion. This report outlines the impetus for each project, the approach, and the outcomes

thus far.

Value chain creation for surplus and “ugly” vegetables in North Carolina:

Growers were in many cases surprised to find out how much produce remained in the

field after their primary harvest, in particular about the amounts that were considered marketable.

Each indicated interest in further utilizing this amount, but did not feel they were connected to a

buyer that would be interested in its purchase. Results from qualitative investigation with

growers indicated that they do not frequently seek out new buyers, which require relationship

development and the negotiation of price and terms for delivery.

With the direction of Dr. Rebecca Dunning, a produce supply chain expert, growers were

connected to a range of buyers that would be considered “alternative,” or representing an

emerging market. As these buyers routinely purchase surplus vegetables, or those vegetables

displaying quality that does not meet traditional standards, growers may not keep them on the list

of buyers that they contact regularly. Figure 4.1 is an example of a grower report detailing the

quality of the remaining crop in the field that each grower received after measurement was taken.

Growers were walked through the report and provided with a list of buyers that accept a wider

range of produce quality, in the event that they wanted to try to sell what remained in the field. A

wide range of contacts was provided, from small to large operations, representing processors to

food banks and others (Table 4.1).

Produce growers were overall excited to have contact information for more buyers, and

many expressed that they would connect with the listed buyers in order to utilize more of their
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crops (Figure 4.2). Results from qualitative research indicated that growers intend to sell all of

what they grow, but circumstances beyond their control, such as market price and weather-

related quality issues, prevented them from doing so. The smallest grower that participated in

field measurement research produced vegetables on approximately 30 acres, and was already

connected to several of the smaller buyers, such as Working Landscapes and Ungraded Produce.

The largest grower that farmed approximately 5,000 acres was connected to many of the buyers,

as they employed a marketing specialist, but was very interested in connecting with Robinson

Fresh, a national produce distributor that houses the Misfit Produce Program. Several other

commercial growers were interested in the same contact, expecting that if they began selling into

the Misfit Program, they would then be able to sell into the regular produce stream at Robinson

Fresh. Many growers did not have a connection to Foster Caviness, and did not have an interest

in doing so, but were interested to hear about their Imperfectly Delicious Produce Program.

Similarly, many growers had experience selling to Carolina Innovative Food Ingredients, but

were unsure of the success of future transactions.

One grower of over a thousand acres of melons and sweetpotato reported success in

connection to new buyers. The new relationships were facilitated by the farm’s marketing staff, a

resource not always available to smaller farms. The farm has now sold both crops to the Farm to

Food Bank Program in North Carolina that serves Feeding America, and provides growers with a

price that should cover harvest costs. In addition, the same grower reported selling blemished

melons successfully to WTRMLN WTR, a New York producer of watermelon juice. In this case,

the value chain project was successful in both providing a source of profit for the grower, and

increasing the emergency food supply.
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Farm Fresh, Field Dried: A mobile dehydration unit:

The volume of surplus and edible but unmarketable crops left unharvested in the field

was significant for many growers, and many expressed interest in improving the access to

processing infrastructure in the local area. Providing options for growers to take advantage of

every available market channel is important in order to improve growers’ adaptability and

flexibility in uncertain circumstances. Utilizing value-added processing is one way to provide an

extended shelf-life to these products. When shelf-life is extended, the marketing window is

extended beyond highly perishable fresh produce. Utilizing dehydration results in a shelf-stable

product rather than requiring more expensive storage like refrigeration or freezing. Value-added

products often, but not always, result in a higher price at market. In 2014, the NC Tobacco Trust

Fund Commission provided three fruit and vegetable growers with funding to purchase

commercial equipment for further processing crops, in order to reduce losses from

overproduction and provide customers with off-season products. This indicates the importance to

growers of on-farm value-added processing. Additionally, a few growers are building certified

kitchens in order to comply with food safety requirements, and growers that have this capability

could expand their flexibility through the addition of a mobile dehydrator.

Through producing and demonstrating low-input, appropriate technology for dehydration,

the aim of this project was to reduce yield losses by demonstrating to North Carolina vegetable

growers how straightforward value-added processing can be. Understanding the process, and

directly extending the shelf-life of nutrient-dense crops, enables growers to seek out new markets

for their products, potentially leading to improved profitability. In order to determine whether

growers could themselves process surplus crops, a mobile dehydrator was constructed with the

direction of Dr. Michael Boyette, P.E. The design and construction was led by Justin Macialek,
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P.E. (Figure 4.3). Providing a facility that could be shared among growers was a focus of this

project, as growers can have surplus crops at different times, and often cannot invest in facilities

for their own farm.

The dehydrator is a stand-alone unit, using off-the-shelf materials and home building

techniques, which has been made mobile by attaching to a trailer. The capacity is about 1000

pounds of produce (Figure 4.4). The cost for construction materials and labor was estimated at

$7,500. A significant portion of the construction budget was used for a series of custom built,

food-safe drying racks. The dehydrator plugs into a standard outlet, and uses a small residential

propane heating unit and fan to heat the air and move it vertically through the product (Figure

4.4). As this is a prototype, it may need modification to adhere to food safety requirements, and

the design can be customized to fit the needs of individual operations.

Dehydrating vegetables at the farm location may or may not change the category of

operation a certain farm will fall under according to the Food Safety Modernization Act’s

Produce Rule. Many growers may be exempt from compliance on points relating to processing

and/or packaging crops on their farm. Typically, value added processing can require adherence

to local, state, and federal regulations, depending on the scale of the operation, and whether or

not a certified kitchen is used. Reducing microbial food safety hazards is not a new concept for

North Carolina growers, and many use Good Agricultural Practices currently. The mobile

dehydrator unit will need food safety-related testing in order to determine if the temperatures

reached are high enough to kill bacteria and other organisms. Further processing may be

required, depending on the intended market, and individual farm food safety plans will need to

be developed. The food safety testing and certifications required will be critical for growers to
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understand and adopt. Developing branding and packaging can become hurdles for growers,

also.

The Glean Machine: An adaptable harvest-aid:

As the cost of the harvest itself is a burden on growers that have an interest in selling

more of their mature crop, different approaches to harvest are needed, especially approaches that

target underutilized crops. Harvest-aids in general are not a new idea, however, typically they are

specialized for use in one crop only. This makes it an attractive idea for mixed vegetable crop

growers that want to retain a small crew in a field that is ending, or charitable organizations

involved in gleaning a variety of crops from the field. Volunteer-driven gleaning is at this point,

the only way crops that are left unharvested in the field enter the emergency food system.

Growers perceive gleaning to be a difficult activity logistically, and prefer fewer people in fields

due to liability concerns. The efficiency of gleaning can be improved by the elimination of

walking, bending, and carrying produce. It is hoped that the volumes of edible produce recovered

through gleaning could be improved by this increased efficiency, whether they are destined to be

sold or donated by the grower.

The approach to the design of the harvest-aid was complicated by the need for

generalization across many crops and the potential for operation by a volunteer crew. The

process was given direction by Dr. Michael Boyette, P.E. An emphasis on vegetable crops

common in North Carolina was decided, which drove the design process. Many of the vegetable

crops grown here are harvested from a bush, vine, or from the ground surface, therefore a low

profile was important. In order to be adaptable to several crops, the wheel-base and seat height

needed to be adjustable. The decision was made to relieve the grower from supervisory activity
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or direct interaction with gleaners, by removing the need for a tractor-pulled trailer-based design.

There should be an emphasis on safety in consideration of a potentially untrained crew, and there

should be no damage to fields as a result of the equipment’s operation. The equipment should be

designed to accommodate existing containers such as standard lugs or boxes to eliminate the

need for additional purchasing.

This project is now in the fine-tuning stages of design (Figure 4.5), which has been led by

Justin Macialek, P.E.. Construction will take place over the next few months and testing will be

completed in the summer, during the harvest season. Funds for construction have been secured

through the Whole Crop Harvest Initiative, and several vegetable growers have committed

support to this project through offering fields for testing.

The glean machine is self-driving with minimal driver controls to eliminate the need for a

tractor. There are no moving parts or blades to ensure safety of the operating crew and minimize

damage to fields or beds. A sun-shade covering the equipment also serves to hold empty

containers, which are also contained in front of seated workers in a cartridge. It is expected that

as containers are filled, they would be stacked in front of the worker and carried, to a waiting

truck at the row ends. As the maximum speed is 3 mph and the harvester is designed to cover an

area of 6 ft to 9.5 ft wide, the theoretical capacity should be 2.18 – 3.45 acres per hour at 100%

efficiency. Working with a crew of only five people, this means that even at 80% efficiency,

over 17,000 lbs of surplus bell pepper could be collected in just two hours. The Society of St.

Andrew, the nation’s largest gleaning organization, collects just 2,500 lbs on average from each

gleaning event, which require dozens of volunteers and last about the same amount of time.
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Conclusions:

While the utilization of more of the crop grown has been a common goal of these

projects, the dual goals of providing an increase in profit to the grower and supplying more food

into the emergency food system may be competing. When crops are sold to buyers that will

eventually offer them to consumers at a reduced price, they are unable to provide growers with a

high enough price to cover their harvest costs, which has been identified as the primary issue of

trying to sell crops that do not meet buyer specifications throughout the regular season. While the

value chain project has provided a few success stories, many growers have failed to contact the

alternative buyers listed in the first place, perhaps skeptical of the negotiation that may not result

in a profitable outcome. The mobile dehydrator project has generated interest among smaller

growers and extension personnel, however large growers may not be able to devote resources to

preparing food for dehydration as well as monitoring the process. The harvest-aid project, while

not yet completed, shows promise for both providing a potentially profitable supply of produce

to growers, as well as improving the efficiency of gleaning for charitable groups. The solutions

suggested for further utility of vegetable crops include improving donation policy and

infrastructure, and developing alternative markets. Growers’ mixed responses to both the

emerging “ugly” produce market and donation that resulted from this research indicate their

preference for more reliable outlets for surplus, such as processing.
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Table 4.1. A variety of types of buyers was presented to growers. Large and smaller operations
that accept a wide range of quality also stipulated their capacity for produce volume.
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Figure 4.1. Example of a grower report detailing the mix of produce quality available in the field
after the primary harvest.
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Figure 4.2. Growers are interested in connection to buyers, but are not always aware of
alternative or emerging markets.
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Figure 4.3. The mobile dehydrator on display at the Vegetable & Fruit Expo, North Carolina
Vegetable Growers’ Association Annual Meeting, Myrtle Beach, SC, Nov. 28, 2017. Pictured
are Justin Macialek and Lisa Johnson.
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Figure 4.4. The drying racks inside the mobile dehydrator have approximately 1,000 lbs capacity
and testing of sweetpotatoes is pictured. The dehydrator uses a small residential propane heating
unit and fan to move air through the product.
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Figure 4.5. The Glean Machine adaptable harvest-aid design, by Justin Macialek, P.E., is
intended to improve the efficiency of gleaning, as well as increase the volumes of produce
recovered.
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CONCLUSIONS AND FUTURE DIRECTIONS

The goals of this research project, to measure remaining crops in the field, better

understand the needs of producers in profiting from surplus, and determine whether solutions

will address those needs, have been met through data collection using mixed methods. However,

the reason behind these projects, to understand whether the dual goals of providing an increase in

profit to the grower and supplying more food into the emergency food system are compatible,

has resulted in the conclusion that they may be competing. The best case scenario for meeting

both goals seems to be ensuring that growers are paid a profitable price for all of their products,

including those that do not meet traditional standards for quality. As in the Farm to Food Bank

Programs available in North Carolina and many other states, growers need to have the significant

input cost of harvest to be covered, in order to donate produce without a negative economic

impact. When growers can sell products through programs like these, even at a reduced cost, the

potential for profit is more likely because they are able to sell products in bulk, rather than also

absorbing the costs of sorting and packing.

The research quantifying and qualifying food loss in the field has been well-received by

the national and international food loss and waste community, which is comprised of researchers,

policy-makers, food system planners, and activists primarily focused on environmental issues

and food rescue. This project has engaged commercial vegetable growers in the conversation

surrounding food loss and waste, which likely is its most significant impact. Further research

involving field measurement of unharvested fruit and vegetable crops is currently being planned

by the Food and Agriculture Institute at Santa Clara University and the World Wildlife Fund,

both of which will build on the results from this research. A few organizations focused on
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gleaning around the country are planning to perform measurement using the protocol developed

through this project, such as UpRoot in Colorado and Healthy Acadia in Maine.

What will be needed next is a database that will house the information collected, leading

to much stronger estimates of losses in agriculture in the US, the development of better solutions,

and hopefully, a reduction in agricultural losses. The World Resources Institute has plans to

create a database, but it has not yet become reality. Additionally, in order to promote

measurement and reduction of losses on farms, an incentive for growers could take the shape of a

benefit from the Natural Resources Conservation Service. When growers utilize more of what is

grown, the limited resources of land and water are used more efficiently, in addition to chemical

resources used in production. If growers could commit to reducing losses through better utility,

and buyers could commit to purchasing a wider range of quality, less land would be needed to

meet food supply needs in the US. This research intended to ease large growers closer to

sustainable production through increasing crop utility and efficiency. Producers that have

participated in this research in North Carolina have not eagerly adopted these ideas. However,

these growers are now a part of the food loss and waste conversation, and their participation in

this research ensures that these ideas will not easily be forgotten.
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Appendix A.

Grower Survey: Edible but Unmarketable Vegetable Crops
Informed Consent Form for Research

North Carolina State University                              Horticultural Science Department

Introduction and purpose:
You are being invited to participate in a survey that will be the basis of a
research project on edible but unmarketable vegetable crops. Your
participation is voluntary.

The purpose of this survey is to determine how production and
market factors contribute to losses in the field and on the packing
line.

We are working on a research project focusing on fruit and vegetable crops
that never leave the farm. These are crops that remain in the field or on the
farm because they are unmarketable for some reason. Whether they may
be misshapen, over/under size, blemished, or it is no longer economically
feasible to harvest them, they may still be edible and of high quality. We
want to measure this portion of the crop, and identify markets that could be
created in order to increase profitability for North Carolina growers and
increase access for North Carolina consumers.

For the purposes of this survey, we are discussing edible but
unmarketable vegetable crops. Please consider your 2015 crop when
answering these questions to the best of your ability. The size, shape,
coloring, or skin condition may be undesirable for the current market,
however, safety, flavor, nutritional content, and shelf life should not be
compromised. We understand that losses may change regionally,
seasonally, and based on the market and other factors.

If you participate:
If you agree to participate, you will be asked to complete a survey, which
will require twenty to thirty minutes. There will be opportunities to
participate in further research at a later time. The project is expected to
continue into 2017, but could be extended further.
Risks:
There are no major anticipated risks to participation.
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Benefits:
As a way to thank you for your time, your name will be entered into a raffle
with two prizes available of $50 Visa gift cards. Taking part in this survey
also contributes to increased production knowledge, and could contribute
valuable details to support market development in the future.
Confidentiality:
Your individual and farm identity will be kept confidential. As soon as the
survey is turned in, your identifying information will be separated
from the answers you provided. The answers to these survey questions
will be aggregated into a farm profile for analysis. Your individual identity
and the farm identity will be coded to prevent association with the survey
data. In the event that the research team is able to measure edible but
unmarketable vegetable crops at your farm, that data will then be
associated with the answers to these survey questions. If the results from
this survey or further studies are published or presented at meetings or
conferences, your identity and your farm’s identity will not be shared.
Contacts:
If you have questions about the research project, Lisa Johnson can be
reached at 706-340-3029. The Institutional Review Board for the Protection
of Human Subjects in Research at North Carolina State University can be
reached at 919-515-4514 or 919-515-7515.
Voluntary Participation:
Participation is totally voluntary. Refusing to participate will not result in
penalty or loss of any services.

Please answer each question fully. Most answers require
simply circling your choice.

Thank you very much for your participation!
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Appendix B.

Interview guide:  Edible but Unmarketable Vegetable crops

1. Farm/Farmer profile:
a. Tell me a little bit about your farm. (prompts if needed: When the farm started, how you

got into farming, were you at one time a tobacco farmer?)
b. What crops do you grow? On what acreage? Is there a spring and fall crop of some?

2. Production details:
a. Walk me through one crop from this past season. How did you decide what to plant,

when to plant, how much to plant? How do you determine how much to plant? (prompt:
How do you determine how much will be enough?)

b. Can you estimate how much of that crop was unmarketable last year, due to blemishes
or misshape, over- or under-size?

c. What methods do you use to estimate this portion? Have you measured?
d. When do most of these losses occur? During the season, or end of season? How does

price affect this?
e. How do you determine when it is time to stop harvesting the crop? (Prompts: price won’t

cover input costs, already gotten the return needed from this field, another crop or field
needs attention, harvest more expensive or slower because plants are yielding less than
earlier in the season, timing means something else needs to be planted there, no more
storage space to hold the crop, quality of the crop has gone down, crop is totally finished
producing, there is no more in the field, food safety related recall impacted the crop or
the crop in the state overall)

f. How have your inputs changed over the last five years? Why? Do you think your inputs
are higher or lower than the average? Why?

g. Is the example crop we have discussed typical, or is it different for other crops? How is it
different?

3. Marketing the crop:
a. Do you have contracts? Why or why not? Who are they with? (Prompts: retailer,

distributor, processor, manufacturer) How do they compare with other market channels?
Do the terms influence how much you plant or when you harvest? Are there penalties?

b. How do you know what quality they expect? Did you receive training in produce
inspection, maybe from the buyer or commodity group? How do you determine
tolerances of 5% or 10%?

c. Do you get compensated in any way for a poor crop? (prompts: Have you ever
participated in a crop insurance program, have you found ways to be compensated for a
poor crop?)

d. What would it take for you to be able to market the entire crop? Would you be willing to
change the way you harvest or pack if it meant you could market the entire crop? Would
you consider harvesting a mixed grade? Do you think a lower price for a mixed grade,
together with harvesting and marketing more volume would mean a profit for you?

e. Have you always had oversupply or unmarketable crops, or has it changed over time?
How has it changed?

f. Do you think increasing your market connections would help you to sell more of your
crop?

4. Perceptions
a. What do you think about the quality standards your products are expected to meet?

When you have edible crops you are not able to sell, what does that mean to you? What
would an ideal situation look like for you?
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b. Do you see barriers to harvesting or marketing blemished or misshapen products?
What’s the best use for these products? Do you think it would hurt your brand to sell a
lower quality product?

c. What experience do you have with donation or gleaning? What prevents you from doing
this? Would an incentive program or tax benefit cause you to donate more? What would
make it easy? Is there a price you need to meet?

d. What language do you use when referring to this portion of your crops? (prompts:
surplus, seconds, unmarketable)

5. What else should I know about unmarketable crops?

Thank you for your participation!!!
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Appendix C.

Pepper Grower Survey: Edible but Unmarketable Peppers
North Carolina State University
Horticultural Science Department

Farm profile and production:
How many acres did you have in pepper production in 2015? 0-25, 25-100, more
How many total fields did you have in peppers in 2015? 1-10, 11-20, 21-30, more
How long have you been a vegetable grower? 0-5 years, 6-15 years, 16 years or more
Are your peppers for fresh market, or processing, or both? Fresh market, processing, both
Are the peppers grown on plastic mulch? Yes, no
Are the peppers irrigated?  Yes, no
How are they irrigated? Drip, solid set, traveling gun, pivot, other __________________
Are the peppers staked? Yes, no
Do you keep bees on the farm to improve pollination? Yes, no
Did you rent bees in 2015 to improve pollination? Yes, no
What information do you rely on when choosing a cultivar? Please choose all that apply. Seed company
literature, extension research, production manuals, previous experience with the cultivar, another
growers’ experience, other ___________________
What characteristics are most important to you when choosing a cultivar? Please rank the following as 1
being extremely important and 5 being not important at all.
Yield 1, 2, 3, 4, 5
Disease resistance 1, 2, 3, 4, 5
Insect resistance 1, 2, 3, 4, 5
Market acceptability 1, 2, 3, 4, 5
Other characteristic _______________________ 1, 2, 3, 4, 5

Harvesting:
How many times in 2015 did you harvest each field, on average? 1, 2-5, 6-10, 11-15
Is the harvest crew usually instructed to harvest all of the mature peppers, so grading takes place
postharvest? Yes, no
Is the crew usually harvesting one specific grade, and leaving fruit that is out of grade in the field? Yes,
no
Does your crew harvest peppers of reduced quality at the same time as the best quality, but into another
harvest container they have on hand? Yes, no
In 2015, was your harvest limited by available bins, equipment, or storage? Yes, no
In 2015, was your harvest limited by available labor? Yes, no

Consider a time in 2015 when you decided to stop harvesting a field.
How important were each of the following factors to your decision?
Rank the following as 1 = extremely important; 5 = not important at all

The price I can get won’t cover the input costs 1, 2, 3, 4, 5
I have already gotten the return I need from this field 1, 2, 3, 4, 5
Another crop or field needs attention 1, 2, 3, 4, 5
Harvest has become more expensive or slower because the plants are yielding less than they did earlier in
the season 1, 2, 3, 4, 5
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The timing means I need to plant something else there 1, 2, 3, 4, 5
The crop is totally finished producing, there are no more peppers in the field 1, 2, 3, 4, 5
A food safety related recall has impacted my crop or the crop in the state overall 1, 2, 3, 4, 5

Which of these factors was most important to your decision to stop harvesting?
______________________________________________________________________
Are there other factors not listed that contributed to your decision? Please list here.
______________________________________________________________________
Did you donate produce from your farm to a charitable organization in 2015? Yes, no

Marketing:
Did you have an employee in 2015 in charge of marketing? Yes, no
Did you have a contract for pepper production in 2015? Yes, no
If yes, who was the contract with? Retailer, distributor, processor, other
_________________________________________
Were there penalties in your contract for not delivering on time or delivering the agreed-upon total
volume? Yes, no
Did you contact buyers in 2015, or did they contact you? I contacted buyers, buyers contacted me, both
How many buyers do you know that buy peppers? 0-3, 4-6, 7-10, more than 10
How many buyers do you contact to sell your peppers? 0-3, 4-6, 7-10, more than 10
Do specific buyers buy only specific grades? Yes, no
Do some of the grades that you harvest lack multiple buyers? Yes, no
Where do you find new buyers? Trade shows, “meet the buyer” events, other
__________________________________
How often do you seek out new buyers? Never, monthly, a few times a year, once a year
Are you familiar with marketing peppers that are edible, but do not meet a desirable grade? Yes, no
Have you had a load rejected in 2015, whether or not you had a contract? Yes, no
If yes, were the peppers in the rejected load edible at the time of rejection? Yes, no
If yes, where did the rejected load end up? Landfill, back on the farm, food bank, an alternate market,
don’t know, other ________________________________
Would you harvest peppers to sell for a very low price per pound in order to keep harvesting crew busy
for a day or two? Yes, no
Would you harvest peppers at a loss in order to make a donation to a food bank or other charity? Yes, no

Quality:
Did you experience reduced quality in 2015 because of misshapen, small, or suntan peppers? Yes, no
Please estimate what percentage of your 2015 crop was unmarketable due to this reduction in quality:
___________________
Did you experience insect damage in 2015 that resulted in minor healed scars? Yes, no
Please estimate what percentage of your 2015 crop was unmarketable due to minor insect damage:
__________________
Did you experience blossom end rot or sunscald in 2015? Yes, no
Please estimate what percentage of your 2015 crop was unmarketable due to this reduction in quality:
___________________
What other blemishes or problems reduce quality but don’t make the peppers inedible?
______________________________________________________________
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Did you leave a field or a portion of a field unharvested in 2015 due to a food safety risk? Yes, no
Please estimate what percentage of your 2015 crop was unmarketable due to this food safety risk:
_____________________
Which of the following grades do you sell? US Fancy, US No. 1, US No. 2, culls, other _____________
What happens to peppers at your farm that are harvested but unsold? Please choose all that apply: disked
in to the field, composted, fed to livestock, donated, landfilled, or other
_______________________________________________________

Last Questions:
Would you support research on edible but unmarketable peppers by participating in an on-farm interview?
Yes, no
Would you support research on edible but unmarketable peppers by participating in on-farm data
collection during the production season? Yes, no
If the answer to either of the above is Yes, please fill in your contact information here:

Name: ________________________________________________________________

Address: ______________________________________________________________

Phone: _______________________________________________________________

Email: ________________________________________________________________

Thank you for your participation!
Please return to:

Lisa Johnson
Department of Horticultural Science
North Carolina State University
Campus Box 7609
2721 Founders Drive
Raleigh, NC 27695-7609
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Appendix D.
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