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Strawberries are the 4th highest grossing crop in California and supply 90% of US strawberries. But the industry's long reliance on the use of chemical fumigants to control soil disease, nematodes and weeds is being threatened by increased regulation of these fumigants, leading to urgent efforts to develop and test non-chemical alternatives to fumigation, such as disease resistant cultivars. Many of these technologies are promising ecologically, but making them economically viable for growers is more challenging, especially in light of the socioeconomic context of strawberry production in California that has created a state of lock-in for a sustainability transition. This paper discusses how the challenges of land prices, labor shortages, marketing standards, and low prices bear on cultivar selection. Based on qualitative interviews, we corroborate that strawberry growers operate under significant socioeconomic constraints in California, many of which are beyond their control. In addition, we find that most growers see high-yielding varieties as crucial to their economic viability with regard to land, labor, and marketing intermediaries and yet recognize that the focus on individual farm productivity works at cross purposes to the problem of poor prices. Disease resistant varieties do not at face value address the concerns voiced by most growers. Our findings suggest, however, that if some of the other pressures were exogenously mitigated, growers might be more inclined to experiment with and adopt disease resistant varieties, in combination with other approaches. The most promising policy avenues seem to therefore lie with support of grower revenues.
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INTRODUCTION

In a state long known for specialty crop production, strawberries have become a major player. Strawberries are the 4th highest grossing crop in California, bringing more than 2 billion dollars in revenue in 20201. About 90% of US strawberries are grown in the state, which also exports up to 12% of the berries it grows2. Several coastal counties dominate strawberry fruit production, where the sandy soils and temperate weather create nearly ideal conditions for commercial strawberry production, whereas the northern and inland areas are typically used for plant propagation (see Figure 1).
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FIGURE 1. Sites of strawberry production in California.


Strawberries have faced major sustainability challenges, however, including reliance on a suite of pesticides to control soil and plant disease, rot, mites, and other arthropods. Most notably, the industry has long been dependent on the use of chemical fumigants to control soil disease, especially the soil fungus Verticillium dahliae, as well as nematodes and weeds. The fifty year use of a combination of methyl bromide and chloropicrin made it possible for growers to plant on the same block year after year, without encountering significant plant damage. Many attribute the huge growth in the industry following the introduction of this combination in the late 1950s precisely to the use of these chemicals and related technologies such as plastic mulches (Wilhelm and Paulus, 1980; Baum, 2005). But in 1991, methyl bromide became subject to the international Montreal Protocol on Ozone Depleting Substances in 1991. Following years of successful efforts by the US to delay the mandated phase-out by obtaining Critical Use Exemptions (Gareau, 2008), the chemical was finally banned in 2016, except for nursery uses. Meanwhile, chloropicrin, was designated a toxic air contaminant, and another chemical used for soil fumigation, 1,3D (Telone), was deemed a carcinogen. These designations precipitated more stringent application protocols, taking the form of larger buffer zones and township caps, for example. A 2013 report issued by the California Department of Pesticide Regulation suggested that additional restrictions on fumigants might be forthcoming, especially given the increase in urban development near strawberry fields (Department of Pesticide Regulation, 2013). Concurrent with the onset of these increased restrictions, two “novel” soil pathogens, Macrophomina phaseolina and Fusarium oxysporum sp. fragariae, began regularly appearing in growers' fields, precipitating growing fears of significant die off (Koike et al., 2013; Tourte et al., 2016).

It is in the context of both increased regulation and novel pathogen outbreaks that for the last decade the California strawberry industry, with research support from the University of California and Cal Poly, have been urgently developing and testing for non-chemical alternatives to fumigation. These have included investments in anaerobic soil disinfestation, a method that involves using a carbon source and water to create soil anaerobicity and enhance the production of chemical byproducts for disease control, crop rotations that enhance microbial antagonists to suppress disease, and breeding disease resistant cultivars. As discussed by Brummer et al. (2011), plant breeding can be a powerful tool to support sustainability efforts, particularly in large-scale agriculture. Many of these technologies are promising ecologically (Holmes et al., 2020), but making them economically viable for growers is more challenging, especially in light of the socioeconomic context of strawberry production in California, which has been built on the presumption of continued fumigation (Gareau, 2008). Fumigation, as well as its accompanying technologies, effectively “locked in” an entire assemblage of technical and social relationships, resulting in both scientific and economic marginalization of more sustainable technologies (Magrini et al., 2016, 2018; Guthman, 2019).

In that light, this paper discusses how the major socioeconomic challenges experienced by California strawberry growers bear on commercial cultivar selection, with specific focus on disease resistant traits. We bring this focus as social scientists appended to a larger research project seeking to identify natural sources of resistance to pathogens affecting strawberries and accelerate the development of such cultivars. Disease resistant cultivars, while not a stand-alone solution, can arguably contribute to a “transition in the making”—one that does not necessarily effect a transformation, but can turn growers in more sustainable directions (Elzen et al., 2011, p. 263). Understanding what constrains their adoption—the sources of “lock-in”—and what might be done to address them are thus important considerations (Magrini et al., 2018). Generally scholars have treated lock-in as function of path dependency stemming from wide scale adoption of an agricultural technology, such that the more it is adopted, the more its performance improves (Magrini et al., 2016). Pesticides as a technology are particularly prone to lock in for their ease of use and because they often boost yields for users, making for periods of initial high profitability until others adopt them and profit rates become re-normalized with lower prices (Wilson and Tisdell, 2001; Galt, 2013). Thereafter, uncertainties regarding the efficacy and social acceptance of more sustainable alternatives can stymie transitions to these methods (Cowan and Gunby, 1996; Wagner et al., 2016). Apropos to our research, in their study of wheat cultivar adoption, Vanloqueren and Baret (2008) found that growers were reluctant to adopt disease resistant varieties precisely because of these lock-in factors.

In the specific case of the California strawberry industry, soil disease was so rampant in the 1950s that fumigation with a combination of methyl bromide and chloropricrin saved the industry from near demise. Industry-wide productive increased sharply and consistently following wide-spread and quick adoption of this fumigation regime (Wilhelm et al., 1974). The ensuing lock-in, however, was not only a matter of path dependency per se, but also a set of political economic dynamics that evolved from the presumption of fumigation (Guthman, 2019). Facing pressures to move away from fumigation, California strawberry growers now confront this lock-in as a set of socio-economic challenges that make transitions to more sustainable methods quite difficult.

We thus couch our findings in prior research, including our own, on key areas of socio-economic challenges, which were corroborated through this research. These are: land availability and cost, labor availability and cost, the role of market intermediaries (shippers), and overall market conditions. Charged with understanding the socioeconomic conditions facing growers, we do not address how these challenges affect other stakeholders, most notably farmworkers as well as consumers and communities where strawberries are grown, but note that concerns of these stakeholders underpin some of the dynamics facing growers. So while we conclude by offering possible ways forward in mitigating these challenges, while also reducing the use of fumigants, we do not represent that these are whole cloth solutions to the many social and ecological challenges facing the California strawberry industry.



METHODS

According to the California Strawberry Commission, in 2020 there were ~300 strawberry growers in five distinct areas of California: Watsonville/Salinas, Santa Maria, Oxnard, Orange County/San Diego, and the Central Valley, growing on 34,167 acres, for an average of 342 acres per grower3. With estimated operating costs at $68K per acre for conventional strawberries (Bolda et al., 2016) and more than $70K per acre for organic systems (Bolda et al., 2019)—costs that have surely increased since these reports were completed—even a 100 acre operation is a huge capital investment. In actuality, some of these are very small operations of one or two acres, especially those in the Central Valley. Moreover, some of these are highly diversified farms, where berries are only a minor crop. Berries from both these sorts of operations tend to be marketed primarily, if not solely, through direct channels such as farmers' markets and farmstands.

The focus of this paper is commercial operations in which strawberries are one of the major crops grown and often the only crop grown. Offsetting the small farms mentioned above, some of these are quite large operations, of up to 1,000 acres. These commercial farms include organic operations, since many commercial operations in California have both organic and conventional fields. According to 2019 California Strawberry Commission survey data, conventional strawberries represent ~87 percent of total strawberry acreage along the Central Coast, with the rest certified organic (cited in Bolda et al., 2019). These organic berries are marketed through conventional distribution channels.

The research reported herein is primarily based on qualitative interviews with such commercial growers. Prior reports on this research have shown that growers prioritize yield in cultivar choice and would be reticent to opt for a disease resistant cultivar in lieu of fumigation (Guthman, 2020). This article brings focus to the larger socioeconomic challenges face as it may affect cultivar selection. These interviews were conducted in 2018–2019 (n = 20) and in 2021 (n = 5).

Our sampling strategy reflects the significant difficulty of finding growers willing to be interviewed in this highly beleaguered industry. (To provide some perspective, one of us, Guthman, has been contacted by several researchers hoping to gain tips after having no success in obtaining interviews.) The research contained herein was essentially a subset of all of those we had successfully contacted and interviewed in earlier research. Leads for the earlier research came from county pesticide use permits when made available by county agricultural commissioners and otherwise relied on public internet searches. For this research, we began with all of those who had expressed willingness to be interviewed again—and who were still reachable. However, we omitted diversified growers, who are not the target of breeding efforts, and we limited the number of proprietary growers who exercise little choice in their cultivar choices which therefore allowed us to reach saturation more quickly (see below). This was in effect, then, a convenience sample and one that was over representative of growers who tend to cooperate with researchers for both social science and field trial research, but by that same criteria tend to be trend setters in the industry. Our final sample of 25 included 8 growers of proprietary varieties; of these 25 growers, 11 had all conventional operations, 11 had mixed operations, and 3 had transitioned entirely to organic production, but, again, not in a diversified way.

Since the goal for the interviews was to achieve depth rather than establish statistically significant patterns, these were open-ended interviews, guided by a small set of pre-determined questions. As it happens, this small sample was more than adequate to reach saturation, such that the last few interviews neither produced more themes, nor differences across grower characteristics, nor deepened understanding (Crouch and McKenzie, 2006; Hennink et al., 2017). Because of the nature of our questions, focused on grower plans, practices, and observations, rather than inner thoughts they held as persons, we in fact found no functional difference between what Hennink et al. describe as code saturation (having “heard it all”) or meaning saturation (having “understood it all),” the latter capturing additional nuances or dimensions in the code. We transcribed and coded interview data with qualitative research software (initially NVivo, then Dedoose due to personnel changes), with themes following from the interview questions. We also employed some of the few open-ended responses obtained from a largely quantitative survey conducted in 2018 that assessed growers' management responses to soil-borne diseases and their likelihood to reduce fumigant use (Guthman, 2020). Our findings follow summary background of each of the major challenges gathered from prior research. Importantly, not all growers interviewed discussed these challenges or discussed them with the same amount of concern, but no growers controverted the existence of such challenges.



RESULTS: SOCIO ECONOMIC CHALLENGES AND DISEASE RESISTANT CULTIVARS


Land

Coastal California provides an ideal climate for strawberry production. Sandy soils provide important drainage, preventing build-up of moisture and salt. The Mediterranean climate allows unusual productivity. The near rainless months of May through November minimize susceptibility to molds and moisture-generated pests and diseases. But summer heat is modulated by coastal fog, creating the conditions of “eternal spring,” which elicits blossom production and improves fruit quality without excessive vegetative growth. In addition, the relatively mild climate makes possible an unusually long harvest season (Wells, 1996).

Over the years plant breeders have developed cultivars suitable to the various microclimates in the state and extended the season as long as possible. Short day varietals grow in winter in the southern part of the state; further north, day neutral varietals extend the harvest season by months (Darrow, 1966, 232)4. In some areas the season is so long that strawberry growers require 15 months to prepare land, plant, and harvest. Many such growers rotate land with vegetable growers who can grow leafy green crops in the remaining 9 months. But vegetable growers also often hold the master leases on land, and try to dictate to strawberry growers what they should do, including fumigating land with chemicals not strictly allowable for vegetable production (Guthman, 2016). Most strawberry growers lease a majority, if not all of their land.

The challenge is that strawberry land values are high, and the most suitable land is scarce. Values are high in part because of the innovations undergone by the strawberry industry itself: fumigation that eliminated rotations, plant breeding that extended the length of seasons, rotations with vegetable growers that eliminated remaining gaps in land use, and the displacement of plant propagation to other locations more suitable for such uses (Guthman, 2019). With agricultural land values generally based on the capitalization of expected income from any piece of land, land owners can demand high rents to access it (Guthman, 2004). Accordingly, annual land rent for strawberry land climbed from $150 per acre in 1969 to $2700 in 2014 (with many growers paying more than that), more than doubling the percentage of total production costs (Tourte et al., 2016). Land with good water sources are particularly valuable. Bidding wars for good strawberry land have been reported, as well as the practice of major players in the industry scouting for and monopolizing prime strawberry land (Guthman, 2019). Strawberry land values are also high because the same climate so ideal for strawberry production is also attractive for suburbanites. Most of the fruit growing regions have seen extensive suburban development over the past several decades, both housing and shopping malls. Farmland financialization (and speculation) has also affected strawberry regions, with at least one investment group having purchased several parcels for strawberries, perhaps future commercial development (Guthman, 2019). High land values means farmers must maximize crop value per acre to compete for land (Olimpi et al., 2019, 3).

Yet, attempting to grow strawberries outside of the prime regions within California has apparently not been efficacious. Although some growers have been able to find greenfields, “virgin land” in what was previously pasture land, poorly drained soils and hotter climates tend to induce stress in strawberries, stresses that novel pathogens such as Macrophomina prey upon (Guthman, 2016, 2019). Moreover, without efficacious fumigation, growing strawberries on already damaged parcels risk high disease loads, which are extremely difficult to control with non-chemical means, including disease resistant pathogens.

Growers we interviewed corroborated this ongoing problem with the cost and scarcity of good land. One grower shared that a newly established indoor operation for strawberries, which uses soilless substrate as a growth medium, was rational in the area only because the particular piece of land on which it was built was mediocre and easily flooded. Often, though, growers expressed this as problem of high fixed costs that make profits hard to come by and make it nearly impossible to rotate crops except in organic programs where higher prices compensate for land out of profitable production for a year. They also expressed it as a problem of accessing land often controlled by others, whether the more powerful shippers, who reportedly scout for the best land, or vegetable growers, who hold master leases and benefit from the residual effect of fumigation in the strawberry fields. These arrangements make it particularly challenging for smaller (and largely Latinx) growers to access land. In regard to the latter, as one noted: “Large growers can also build better alliances with vegetable growers because they can do better business and access large chunks of land, rather than the small grower who only has a few acres. These personal relationships with vegetable growers are very important because often they hold the master leases, not us.”

Land costs contribute to growers' desires for the high-yielding cultivars that have long been a priority of breeding (Darrow, 1966; Wilhelm and Sagen, 1974; Baum, 2005). “The only thing that can bring our costs down is through yield,” said one grower. Another expressed that given the increasing costs of rent (and labor—see below), the highest priority when choosing a new cultivar is to maintain acceptable volumes, “having a good volume allows us to withstand the prices of land and labor.” Even the presence of disease in land usually does not affect these preferences for high-yielding varieties, with some growers expressing they would rather give up land that has disease than try disease resistant varietals with less yield. For example a grower noted that before giving up yield, they “would go on a hunt and search for fresh ground,” and indeed had already “walked away from a couple of ranches” in Baja California that were diseased. Notably, they were able to do so because “the soil down there is abundant.” With land expensive and hard to come by, moving on is not often an option in Alta California. Yet, as previously reported, many growers claim they would be more inclined to move to soilless systems than use disease resistant cultivars as a disease management strategy (Guthman, 2020). Interestingly, soilless systems are more capital intensive than conventional systems, adding to grower fixed costs, but when involving trays in open air (to take advantage of climate) can allow fruit to be grown on poorer pieces of land. According to some growers, however, a turn to soilless systems would require different breeding efforts: rather than disease resistance, a varietal that can uptake nutrients from other media and potentially handle indoor conditions, as well.



Labor

By sheer volume of production, strawberries require a tremendous amount of harvest labor, with harvest labor representing <60% of total costs (Tourte et al., 2016). In addition, labor must be highly tuned to the specificities of the crop. Since berries are perishable, the harvest must be timely and reliable; since they are delicate, prone to bruises and molding, the harvest must be conducted with care; since the market imposes aesthetic quality standards of size, shape and color, harvest laborers must be selective in what they pick; and since the crop is inherently expensive to grow, labor costs must be cheap enough for berries to be affordable for consumers and profitable enough for farmers (Wells, 1996). Crucial for the industry's success has been forms of labor control that ensure loyalty and care while keeping costs as low as possible. Such controls are particularly important because of the sizable capital outlays of strawberry production, including starts, fumigation, and other ground preparation, making a maximum harvest crucial to recouping investment (Wells, 1996).

The standard industry practice to achieve some of these aims has been paying workers by piece rate or by a combination of piece rates and hourly wages. Paying workers by the box has incentivized productivity amidst otherwise uncomfortable field conditions. Although piece wages effectively reduce wages on a per unit basis, grower claim these arrangements satisfy workers who can make more money in a short time than they might with an hourly wage (Guthman, 2017b). Since piece rates lend themselves to quality control problems, however, growers have also implemented systems of close supervision. Foremen walk the rows, scrutinizing the quality and rate of harvest while checkers not only kept tabs on boxes brought to the truck (as a basis of piece rate wages), but also spot-check baskets for bad fruit (Wells, 1996).

This system has been challenged by two developments in the agricultural labor market. One is changes in labor laws that are precipitating higher wages. (Piece rate workers must still make enough on piece rates to meet the minimum wage.) In 2016, California passed new minimum wage and overtime laws, with specific provisions for farm work5. The laws mandate that the hourly minimum wage rise to $15 by 2023 and eliminate an allowance that field workers can work up to 10 h per day or 60 h per week without overtime wages; as the program is phased in, the maximum hours per week without overtime pay will drop to 40 (Bolda et al., 2019). Although piece rates for faster workers often exceed the state's current legal requirement, higher base wages make piece rates less incentivizing for all but the fastest workers, while the overtime provisions may take away flexibility that growers have relied on and perhaps necessitate more sporadic hiring at crucial moments. Increases in California State payroll taxes, workers' compensation insurance and other obligatory labor costs, such as housing and transportation have also added to the cost of labor (Bolda et al., 2019).

The other development is the labor shortage precipitated by stricter border controls. Since the 1990s, several measures have been taken by the federal government to fortify the US-Mexico border and deter crossings. These measures, including Operation Gatekeeper in California and the Alien Transfer Exit Program, have multiplied budgets for border patrol agents, created fences and walls, and installed military surveillance devices to enable the apprehension of would-be migrants (Nevins, 2001; De Leon, 2015). Border fortification has made it increasingly dangerous and costly to cross, has all but ended circular migration patterns, and altogether decreased migration of agricultural workers (Fan et al., 2015). In addition, strawberry growers compete with other industries and crops. Since strawberries are infamous for arduous labor conditions, requiring workers to bend over to pick crops (Holmes, 2013), given the opportunity experienced workers will choose to work in vegetables or other berries where they can pick standing up, or take construction jobs that are far more lucrative. Many growers have not completed their harvest or abandoned fields already planted due to this labor shortage (Guthman, 2017b). Others have addressed the shortage by resorting to the H2A program, a guest worker program that brings workers from Mexico on a short term basis. But this program requires growers to supply transport and housing, increasing their labor costs. With shrinking profit margins due to both higher costs and flat prices (a phenomenon described further below), growers are reluctant to provide more than modest increases in piece rates to attract more workers (Guthman, 2017b).

Grower concerns about the overall costs of labor were corroborated in this study: “every single one of our costs is going up in the state of California with all the laws that are being passed, like on the labor with the 40 h work week. I mean our costs are going through the roof.” As with land, the high cost of labor reinforces grower desire for high yields. “We want to pay over minimum wage, but volume has to match this to make a profit,” one grower asserted. “The only way we can bring some of the costs down is through yield,” said another. A third: “we cannot pay people without good yields.”

At the same time, growers discussed specific attributes of cultivars that can help manage labor costs. Cultivars that produce a small, but productive plant, with large berries that are visible on the plant and easy to remove allow workers to pick quickly. “[With this variety] the plants stay small and this allows pickers to work better… What I mean is that it promotes a better worker performance.” Other cultivar characteristics can impact labor costs negatively, such as abundant runner (i.e., stem) production. Not only does runner growth stunt fruit productivity; runners require cutting. One grower told us that since labor is so expensive his profits would increase tremendously, if he could “avoid cutting runners up to 10 times a year.” “When you net the stuff out,” he said, “Monterey [a cultivar] has higher yield but when you are losing more berries and losing to labor costs, there is no advantage.” Another grower similarly stated: “If you have a variety that has a lot of runner production, that variety costs you more money, because we have to cut that runner and we pay our workers by the hour for that job. The more runner you have the less fruit you will produce too, so that plant becomes more expensive.”

Somewhat counterintuitively, attributes of productivity, size and visibility also figure large in growers' efforts to manage the labor shortage: workers are attracted to farms with highly productive plants. This is because abundant, easy-to-harvest berries allow workers to earn more per hour on piece rates. As put by one grower, “labor is such a huge factor in all these varieties, it can't be so small that people won't make money harvesting it. They just won't come … they have to make a certain number of boxes per hour so there's a certain size window that you like, the bigger the better.” So significant are cultivars in attracting workers that many growers say that workers will inspect their berries before coming to work for them and if the conditions are good bring others. “If we have one worker right now and he thinks he is making more money, he can get on the phone and get people to come within the hour,” said another grower. The counterintuitive finding that high productivity works for both grower and worker alike is solely because workers are primarily paid on piece rates rather than hourly wages.

Growers further noted the advantages of cultivars that are bred to produce berries over long periods of time or produce berries at the beginning and end of the season. These attributes, they say, aid recruitment and retention. “If they can make 25 cents an hour somewhere else they leave. If you can hold up with a fairly decent variety they will stay with you ‘til the end of the season,” said a grower. Growers also noted their preference for varieties that peak at different times to help with the labor shortage. They did not, however, mention that disease resistance could also play a role in attracting workers, insofar as that would reduce the number of berries workers have to cull.

Importantly, though, growers are not of one mind regarding the use of productive cultivars as a way to manage labor shortages. One grower spoke of dropping the highly productive Monterey variety because it would come in when there would be too many berries and he didn't have the personnel to pick them.

Being a small farmer I couldn't pay the wages that these bigger guys were paying. So when that Albion came in I can keep my crew there and it was just a steady pick. We just kept marching on. The Monterey comes in, you better have the personnel sitting on the sidelines in order to jump in and start helping you out because you will get behind. And once you get behind on that thing forget it, you will be chasing your tail for the rest of the season

Another stated that more productive berries could stretch the picking schedule—workers have to pass through a field many times since they do not all ripen at the same time—to every 4–5 days which means that many berries would over-ripen.

….it's manageable, a variety that you can pick say 300 to 400 trays at the most in one round, one pick. But if you start doubling that and you still gotta make two rounds that week, there's no way. Impossible. Because your best pickers can only pick maybe 200 trays a day, maybe. The average is probably 120 or 130 something, in a 9 h day. But if the variety was produced at a little more reasonable rate and they could sell it at a higher price, we could go longer. But can't, not anymore. Because by the second or third day they're now picking overripe fruit. And [the workers] don't get paid for it.

In other words, in the context of absolute labor shortage, productive varieties work at cross purposes to having all good berries picked. For that reason, growers also mentioned that competing with other growers for labor, by using a more productive variety, was not good for the industry as a whole.



Marketing Intermediaries

Historically, in California, few commercial specialty crop growers have marketed their own produce (Stoll, 1998), a pattern that has held true for strawberries. Instead, most commercial strawberry growers sell on contract to either stand-alone shippers or “grower-shippers” that both grow and market their own produce (Baum, 2005; Guthman, 2017a). Shippers generally provide cooling, marketing material, coordination with distributors, and otherwise mediate grower access to markets. Over time, the number of shippers has consolidated. With their oligopsonistic position, they are increasingly able to set terms more beneficial to themselves (Guthman, 2019). Most growers, in fact, are tied to one shipper, with which they have various levels of dependence. For example, “custom growers” are paid by shippers to produce strawberries regardless of outcome. The shippers finance these operations in their entirety and sometimes even control the ground lease. In return, custom growers receive a flat management fee or are paid by the acre. But such contracts are fairly rare. More commonly, nominally independent growers sell to shippers through marketing contracts, and growers are paid by the box at a fluctuating market rate, determined by the shipper. The term independent should thus be taken with a grain of salt. Shippers may arrange land leases for some of their contract growers and even hold the lease. Some shippers may also provide financing to their contract growers, with repayments deducted from sales returns. In addition, shippers may also mediate access to pest control services, to farm labor contractors, and to the nurseries from which growers purchase starts (Guthman, 2017a).

In return, growers not only pay sales commissions, but also must purchase marketing materials from shippers (e.g., boxes), pay cooling fees, and in some cases significant management fees (up to 18%). All of these fees necessarily cut into grower profit margins. More significantly, growers must abide by various quality stipulations. Of primary significance is the requirement of some shippers that growers use only proprietary varieties that those shippers have developed, as opposed to varieties that have been developed by the University of California and are publicly available. For perspective, in 1955, 95% of growers planted university varieties (Baum, 2005), a percentage that declined to 61% by 20216. Growers must pay licensing fees for plants in addition, which are much steeper for proprietary varieties that return to the shipper who developed them, although it is important to note that licensing costs for the use of public university varieties are significant enough to generate ample revenues for the university7. Furthermore, all shippers impose grading standards on growers, and some are quite stringent, manifesting in cull rates of up to 30% of berries grown. Shippers with higher grading standards and proprietary berries tend to have developed brands associated with high quality berries, so higher cull rates and licensing fees are potentially offset by higher prices (Guthman, 2019).

Our research confirms that shippers and growers can have different priorities for cultivars. Generally, shippers favor varieties that they deem more marketable, namely those that fulfill certain aesthetic requirements for size, shape, color, and shelf life. “Biggest and prettiest is all those big guys care about,” said one grower. Shippers do not necessarily ignore flavor, however. One grower-shipper noted that a bad tasting variety, or one that rots quickly, will turn consumers away from strawberries and toward other fruit. These aesthetic concerns are particularly important to shippers in mid-summer when berries compete with other summer fruits. Growers' preferences for cultivars often do not align with shippers', though. As discussed above, there is great pressure from land and labor markets for growers to choose the most productive varietal. Growers might also prefer cultivars that work best with their field conditions, including evidence of disease infestation. Sometimes, however, growers prefer less productive and what they see as tastier varieties as a matter of pride. “I wanted berries coming out of my ranch to be nice. I did not like the Monterey because it had no flavor it had no taste.” Another grower said: “I don't want to grow strawberries that people don't want to eat. That doesn't do me any good just because, and there are berries that I could grow that I could get 10,000 trays an acre. But it's a nothing, it doesn't have anything to it.”

The question then becomes whether and how much shippers dictate what varieties growers plant. Our interviews show that shippers' stipulations and fee structures can effect cultivar selection, but in variable ways. Shippers with their own proprietary varieties necessarily require growers to use them, for which growers pay the considerable licensing fees and face higher culling rates. Some growers who sell to one of the firms requiring proprietary varietals reported that they were able to choose among several different cultivars available, opting for those that work best with their field conditions, while others reported that the shipper allocated varieties to growers in fixed percentages. Shipper constraints are even more variable for growers who plant public (university) varietals. Some growers reported shippers requiring that that the grower plant certain varieties, and others reported that shippers incentivized the production of certain varietals by the prices they would pay. Yet other growers said that shippers do not differentially pay by the cultivar, in part because marketing has not emphasized cultivars and thus the general public does not recognize them (except for farmers' market shoppers).

Shippers' stipulations that a particular variety be grown can work adversely for growers who find that other varieties may be better suited to a grower's production conditions, including disease infestations. For example, a grower in an area that has been severely affected by Fusarium wilt was frustrated by the pressure to grow the Monterey variety instead of his preferred San Andreas, which he claimed was “more forgiving to disease pressure.” However, when shippers do not stipulate cultivar choice, and especially when they set prices by volume and not by cultivar, growers tend to choose the most productive varieties. Under these conditions, they make more money with every additional berry they sell. But there is a flip side of this freedom to grow what they want: shippers tend to set prices they will pay to growers around certain expectations of productivity, making it extremely challenging for growers to plant berries that they prefer for other qualities, whether disease resistance or flavor. One grower stated with regret about transitioning out of what he saw as a far superior variety to get his volume up and stay competitive. “I grow Monterey [a less flavorful variety] to make up for the production loss on Albion. The overhead cost is so high, if the prices people are paying keep going down, I might as well quit.” Frustration with low prices and certain aesthetic standards is in fact one of the reasons why a number of growers prefer to sell independently, allowing them to prioritize taste as opposed to cosmetic perfection. Growers who are particularly dependent on shippers for their financing and access to land, which is not uncommon, operate in particularly constrained conditions of cultivar choice and tend to do what shippers ask.



Overall Market Conditions

The challenges discussed thus far tend to incentivize growers opting for practices that maximize productivity. With land being expensive and scarce, labor being scarce and paid by the piece, and shippers extracting significant portions of farm revenues, obtaining high yield from a given piece of land makes sense for individual growers, who are, in effect, competing with each other for land, labor, and markets. But, in fact, another major socioeconomic challenge facing growers is poor prices resulting from overproduction.

To provide some context, the industry saw huge growth between 1960 and 2014—when acreage more than tripled, production increased ten-fold, and the value of production in real dollars increased by 424% in Monterey and 593% in Santa Cruz Counties, the original center of strawberry production (Tourte et al., 2016)8. Equally striking was that net returns for growers were exceptional as well, no doubt a reflection of the long season growers in these two counties enjoy. Markets were able to keep up with productivity in large part due to the California Strawberry Commission and shippers to increase demand for fresh market strawberries (Baum, 2005). Although net returns vary considerably, in 2010 conventional growers were typically making profits of nearly $8,000 per acre, with some exceeding that (Tourte et al., 2016).

Beginning around 2013, however, these favorable market conditions began to falter, indicated by many growers going out of business or reducing their acreage, due to many of the conditions described above. According to the 2017 U.S. Agricultural Census (the most recent as of this writing,) the total number of California strawberry growers shrunk from 995 in 2012 to 676 in 2017. Subtracting farms (or patches, more accurately) of <5 acres, better reflecting the number of commercial growers, these numbers declined from 375 to 241 (United States Bureau of the Census, 2012, 2017). Those years also saw significant decline in acres, especially in the southern part of the state, with acres planted dropping from an all-time high of 40,816 in 2013 to 31,640 in 2015, rebounding somewhat to 36,487, reportedly due to consumer demand9. During roughly the same period, production grew from 195,011,537 trays in 2013 to at an all-time high of 224,491,465 trays in 2018, even with the drop in acres. A change from 4,478 trays per acre to 6,634 trays an acre represents a 48% increase in yield per acre over 5 years, largely reflecting the use of higher yield varieties. Prices have more or less stayed steady, however, not keeping up with the increased cost of everything else10.

In our interviews, growers lamented this situation. A grower described the status of the industry as “rough,” and identified oversupply related to an increased focus on productivity in breeding as a problem for the industry: “Newer varieties are so much more productive, techniques are so much more productive, the total volume has not really decreased very much. So we are hurting ourselves with the overproduction.” Another stated: “We want these varieties to give out more numbers and last longer but it's hurting us in the long run… It seems like people think that if I plant 100 acres and make such amount of dollars, if I put 200 acres in, I'm going to make double that and it don't work that way.” Some growers characterized this cycle of overproduction and low prices as severely damaging to the industry: “the problem now is the growers are having too much production and it is killing them, said one. Another, acknowledging that “the only thing that helps paying for anything is volume,” also referred to it as “a death spiral.” Growers understand, in other words, that the prioritization of individual decisions in the context of socioeconomic challenges presents a major collective action problem (Guthman and Zurawski, 2020).

This next quote is thus instructive. When asked why productivity is such a focus when prices are so low, one grower responded as follows:

That's a very good question. I think if we had the same overproduction that we had last year, if you ask me as a grower, what would you prefer to do [I would say] have a less productive variety or sacrifice acreage that you planted in order to control the abundance of product, or the supply of product, I would choose controlling the supply of product. We're gonna grow only what the market can absorb at a decent price. Supply control, I think that's ideal but nobody is going to give into that idea.

The grower is probably correct that supply control would take some convincing, as would probably other alternatives to which our findings lead.




DISCUSSION: SUMMARY AND ALTERNATIVES

The appearance of soil-borne pathogens in California, along with the phase-out of methyl bromide and continuing tightening of regulations for the use of fumigants, have sparked tremendous need among scientists, extension agents and growers to develop effective alternatives for disease management (Goodhue et al., 2005; Norman, 2005; Mayfield and Norman, 2012). Among these alternatives, the development of disease resistant cultivars are receiving a great deal of investment and, indeed, hold promise for contributing to a broader array of disease management strategies. At the very least, their development reflects a transition in the making (Elzen et al., 2011).

Nevertheless, as we have highlighted, strawberry growers operate under significant socioeconomic constraints in California, many of which are beyond their control: land suitable for long strawberry seasons is scarce and costly, competes with other land uses, and is sometimes monopolized by some of the most powerful players in the industry; labor costs have increased significantly due to both border politics and new laws and regulations, the latter of which importantly improve conditions for farm workers, but cut deeply into growers profitability; shippers provide markets for growers, but set prices favorable for shippers, charge various fees, and impose various quality stipulations, such that many growers have to cull a certain percentage of what they grow. Moreover, since many growers are beholden to shippers for credit, land and other materials, they must often abide by shipper wishes, which may steer them away from a variety of disease management practices, including disease resistant cultivars. At the same time, due to the many technological successes of the strawberry industry, including plant breeding, the industry is highly prone to over-production, which exerts downward pressure on grower prices and pushes many growers out of business. Growers we interviewed for this study corroborated these remain significant challenges, so much so that several have exited the industry all together. These political economic constraints are thus a major source of lock-in, arguably even stronger than path dependencies stemming from patterned behavior (cf., Wilson and Tisdell, 2001; Magrini et al., 2016).

We have also shown that growers recognize the role commercial cultivars play in exacerbating or mitigating these challenges. Most growers, that is, see high-yielding varieties as crucial to their economic viability, allowing them to maximize output of their existing land, attract and retain workers during a time of labor shortages, and maximize revenues from shippers that pay by volume. This finding is in keeping with similar studies that have examined grower cultivar choice in the context of high disease loads (Vanloqueren and Baret, 2008). According to their study, growers prioritized cultivar qualities related to yield, commercial quality and earliness over disease resistance (p. 439). At the same time, many of the growers we interviewed acknowledge that the focus on individual farm productivity works at cross purposes to the problem of poor prices that arises from over-production, posing a deadly cycle that threatens the continuity of many growers in the industry. Growers are in effect competing for land, labor, markets, and high prices, in classic beggar thy neighbor fashion (Olimpi et al., 2019).

What role, then, do disease resistant varietals play in managing disease, on behalf of reducing the use of fumigation, within these socioeconomic conditions? Disease resistant varieties do not at face value address the concerns voiced by most growers, which with a few exceptions go beyond managing for soil-borne diseases. Although soil-borne diseases are a critical issue facing growers, growers also know that fumigation is still available, and, as a result, appear more daunted by other challenges. Yet, as Brummer et al. (2011) have suggested, participatory approaches to plant breeding can allow for growers' socioeconomic concerns to be incorporated into the breeding process. As it happens, some of the newest varieties coming out of the University of California's breeding program promise disease resistance and yield, as well as flavor and fewer runners, hitting several of the traits currently desired by growers11. The question then becomes how growers can maintain economic viability while adopting disease resistant cultivars as a disease management strategy.

It is already recognized that use of disease resistant cultivars alone is insufficient as a disease management strategy; that it will take integrating a number of approaches, including improving soil health, rotating crops, resting the land, among others. But even if growers incorporated all of these approaches they would still face pressures of land markets, labor markets, intermediaries, and low prices. Our findings likewise suggest that if some of the other pressures were mitigated, growers might be more inclined to experiment with and adopt disease resistant varieties, in combination with these other approaches. Put differently, if growers were not competing for land and labor and squeezed by shippers they would have more leeway in adopting disease resistant cultivars and incorporating them in broader management strategies that include other techniques currently in development. Following Vanloqueren and Baret (2008), escaping “lock in” requires exogenous forces. So what kind of approaches might help mitigate these pressures?

One might think that heightening restrictions on fumigations even further could reduce fumigation. However, the aftermath of the methyl bromide phase-out has shown that removing fumigants and imposing strict mitigating strategies, do not necessarily reduce fumigation or incentivize growers to change practices. In fact, the use of chloropicrin increased dramatically (Guthman, 2016). More significantly, according to Jiménez-Soto's unpublished research, more fumigation restrictions have contributed to grower overall discouragement and desire to abandon farming altogether. While such technology-forcing approaches generally have the advantage of producing a level playing field of experimentation, it puts all of the burden on growers who must incorporate yet one more thing to meet the many regulatory demands put on them for which they receive no financial support.

With land and labor markets especially difficult to address, the most promising policy avenues seem to therefore lie with support of grower revenues. This could take the form of supply management—withholding some production to prop up prices, tailored to the needs of the twenty-first century (Graddy-Lovelace and Diamond, 2017)—and what one grower called “a very smart move.” Alternatively, it could take the form of economic support for transitional lands. Either approach, of course, would require the industry to act more collectively than individually, which is no easy feat. But critiques of the productivity treadmill, along with the increased pressures of disease and novel pathogens, suggest an opening for rethinking. As put by Graddy-Lovelace (2021), recognition of shared fate and interdependence could go a long way in creating collective social contracts. Policies and practices that encourage farmers to getting off the productivity treadmill, in other words, could go a long way on focusing the industry on its most critical exigencies: farming sustainably in the face of climate change, human health considerations, and maintaining their own livelihoods.
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FOOTNOTES

1Based on USDA Economic Research Service, September 2020 release. See: California Agricultural Statistics Review 2019-2020. Available at cdfa.ca.gov.

2California Strawberry Commission Export Reports are based on the U.S. Census Bureau; Trade Data Monitor; USDA-AMS; and PSAB. Available at calstrawberry.com.

32020 California Strawberry Acreage Report from the California Strawberry Commission (www.CalStrawberry.com).

4Although planting are staggered by region, most of the crop is planted in fall or late fall for a late winter or spring harvest. Ventura (Oxnard) and Santa Barbara (Santa Maria) counties see some summer plantings as well, for harvest in the fall. These plants are kept in long cold storage (frigo plants) after propagation.

5This new bill would require that beginning in January 1, 2022, any work performed by an agricultural worker, in excess of 12 hours in one day to be compensated at the rate of no less than twice the employee's regular rate of pay. Chapter 313 of Bill no 1066. California Legislative information. https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160AB1066.

6This is taken from the California Strawberry Commission 2021 Acreage Survey, found at https://www.calstrawberry.com/Portals/2/Reports/Industry%20Reports/Acreage%20Survey/2021%20Acreage%20Survey.pdf.

7According to a media report, the University of California earned $50 million in strawberry licensing fees between 2004 and 2013 Charles (2014).

8According to Tourte et al., this increase in the overall value of strawberry production reflected enormous increases in tons per acre, from 9 to 30 in Santa Cruz County and 12 to 37 in Monterey.

9These figures derive from the 2013, 2015, and 2021 California Strawberry Commission Acreage Survey. Unfortunately, only the latest is available on the website at https://www.calstrawberry.com/Portals/2/Reports/Industry%20Reports/Acreage%20Survey/2021%20Acreage%20Survey.pdf.

10Time series volumes, volumes per acres, and prices can be obtained from https://www.calstrawberry.com/en-us/Market-Data/District-Report.

11https://www.plantsciences.ucdavis.edu/news/uc-davis-releases-5-new-strawberry-varieties-publicly-available-plants-will-help-farmers
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