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Abstract 5 

Using a mixed-methods study of contract seed-corn farmers in Southwest Michigan, we examine 6 

the effect of interlocking macro and micro social forces on climate change behavior and apply 7 

the theoretical frames of Treadmills of Production (Gould, Pellow, and Schnaiberg 2004) and 8 

Informational Influence (Baron, Vandello, and Brunsman 1996). We find that competitive 9 

agricultural contracts in the seed-corn industry impose significant structural barriers to adopting 10 

climate change mitigation behaviors. Seed-corn contracts constrain adoption of climate 11 

mitigation behaviors through competitive rankings based solely on net commodity production 12 

and by limiting farmers’ access to information to make judicious management decisions. At the 13 

micro-level, findings suggest that informational influence – where farmers turn for trusted 14 

information – also affects climate mitigation behaviors, and that these informational networks 15 

are embedded within structural constraints. Our findings suggest that agricultural contracts serve 16 

as a significant structural constraint on the adoption of climate mitigation practices and that 17 

climate scholarship and policy must address both macro and micro dimensions simultaneously to 18 

encourage adoption of climate change mitigation. 19 

 20 

 21 

22 
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Introduction 23 

 As climate projections become increasingly dire and calls for mitigation and adaptation 24 

actions more pressing (Gillis 2014), a fundamental question remains: what can be done to change 25 

individual climate behaviors? What keeps individuals – farmers in this case – from adopting 26 

climate change mitigation behaviors that natural scientists say are effective? The “information 27 

deficit model” of behavior (Burgess, Harrison, and Filius 1998; Hargreaves 2011; Kollmuss and 28 

Agyeman 2002; Owens 2000) that theorizes that knowledge and information about climate 29 

change are the key to driving behavioral change has been widely dismissed by social theorists 30 

and empirical studies (Attari et al. 2011; Coles, Zschiegner, and Dinan 2013; Hayles et al. 2013; 31 

Schulte and Miller 2010; Semenza et al. 2008; Wells, Ponting, and Peattie 2010). So if lack of 32 

knowledge is not the barrier to individual climate behavior, then what is? We apply this question 33 

to agriculture to examine corn farmers’ climate change behavior. In other words, as one 34 

extension specialist asked: “Why don’t farmers just do what we tell them to do?” 35 

We explore this question through a mixed-method study of contract seed-corn farmers in 36 

Southwest Michigan, comparing contract farmers to conventional commodity producers and 37 

examining the application of Nitrogen fertilizer as a climate change behavior. Moving beyond a 38 

focus on climate change knowledge and attitudes, we highlight mutually reinforcing structural 39 

and micro-level barriers to adopting climate change mitigation behaviors. We identify several 40 

features of seed-corn contract farming that inhibit reducing Nitrogen fertilizer as a climate 41 

change mitigation behavior, as well as the role that informational influence – the influence of 42 

trusted sources of information – plays in shaping these behaviors. 43 

Our study simultaneously analyzes both macro and micro social forces as they shape 44 

individual behavior. Specifically, we examine the structural influence of seed-corn contracts and 45 
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how those contracts constrain individual farmers’ behaviors. Concurrently, we examine the more 46 

micro-level influence of trusted informational networks on individual behavior. By examining 47 

these social forces simultaneously, we are able to demonstrate how they act in concert to shape 48 

behaviors and norms. The structural political economy creates the context for informational 49 

networks and defines the stakes for behaviors, while informational networks may serve as an 50 

important mechanism to transmit and/or mediate structural effects. Our findings suggest that 51 

social scientists must examine multiple levels of social systems simultaneously to more fully 52 

understand the constraints and drivers of behaviors such as climate change mitigation. 53 

In this study, we focus specifically on seed-corn farmers who grow corn under contract 54 

with seed companies, comparing them to commercial corn growers who grow for the 55 

conventional commodity market. Seed-corn farmers enter into annual production contracts with 56 

seed companies, agreeing to grow whichever variety of corn the company assigns to them and to 57 

sell that corn back exclusively to said company. The company will then later sell that corn as 58 

seed to other producers. Payment for seed-corn contracts is not agreed upon ex-ante or paid as a 59 

fixed-rate per quantity of yield. Instead, “payments to seed producers are comprised of a fixed 60 

payment plus a bonus or penalty” (Preckel et al. 2000:470). Bonus payment and penalties (and 61 

future contract renewals) are based upon a “tournament” in which contract farmers are ranked 62 

against each other based on their net commodity production (i.e. how much corn they grew). 63 

This tournament contract structure is a key feature of seed-corn contract farming. Seed-corn 64 

farming is an instructive case to examine contract farming and is distinct from conventional 65 

commercial corn production in which growers sell commodity corn on the “open” commodity 66 

market. The structure of the seed-corn industry and contracts are discussed in further detail 67 

below. 68 
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While seed-corn farms are a minority of corn farms within the US, seed-corn contract 69 

farming is an illustrative case in which to examine structural constraints on farmers’ 70 

management decisions because contracts make visible, through formal contractual restrictions, 71 

the often-invisible structural effects of political and economic systems. Investigating seed-corn 72 

contract farmers’ climate behaviors reveals specific features of production contracts that 73 

constrain management behaviors. Then, we can compare the effects of these production contracts 74 

to the effects of other variables such as information networks and agronomic features. This case 75 

study of seed-corn contract farming elucidates the macro-structural constraints on farmers’ 76 

behavior and how these structural constraints interact with micro-level effects of informational 77 

and trust networks. 78 

Contract farming has reemerged as a prominent topic of study in contemporary agrifood 79 

studies. Across agricultural sectors, contract farming allows corporations and growers to limit 80 

liability and externalize risks (Ashwood, Diamond, and Thu 2014) and complicates the role of 81 

individual farmers (Pechlaner 2013). Scholars have explored agricultural contracts across a 82 

variety of agricultural sectors and geographic regions to highlight the overwhelmingly adverse 83 

impacts of contract farming on environmental and labor outcomes (Ashwood et al. 2014; Borlu 84 

2015; Burch 1994; Dixon 1982; Goss, Skladany, and Middendorf 2001; Mabbett and Carter 85 

1999; Vandergeest, Flaherty, and Miller 1999; Welsh 1997) and the constraints that contracts 86 

place upon farmers’ practices (Little and Watts 1994; Stuart 2009; Wells 1981, 1984, 1996; 87 

Wolf, Hueth, and Ligon 2001). We extend this literature by studying contract farming within 88 

corn production, the most common crop grown in the US (USDA, Economic Research Service 89 

2014), by examining specific features of seed-corn contracts that may constraint behavior, and 90 

by linking contract production to a specific climate change mitigation behavior. 91 
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We also build upon a literature that questions an often-assumed link between climate 92 

change knowledge/attitudes and adoption of mitigation behaviors. Several empirical studies have 93 

questioned this link, finding that climate change knowledge/attitudes poorly predict climate 94 

change behaviors (Attari et al. 2011; Coles, Zschiegner, and Dinan 2013; Hayles et al. 2013; 95 

Schulte and Miller 2010; Semenza et al. 2008; Wells, Ponting, and Peattie 2010). Many have 96 

emphasized the importance of a sense of efficacy in predicting climate change mitigation 97 

behaviors (Choi, Price, and Vinokur 2003; Gifford 2011; Kollmuss and Agyeman 2002; 98 

Leiserowitz 2006; O’Neill and Nicholson-Cole 2009; Sampaio, Thomas, and Font 2012; Spence, 99 

Poortinga, and Pidgeon 2012). Others have found that the relative cost of adaptation/mitigation 100 

behaviors is related to their likelihood of adoption, particularly when short-term costs are high 101 

and potential benefits are diffuse and long-term (Coles et al. 2013; Hall 2006; Hobson and Essex 102 

2001; Lorenzoni, Nicholson-Cole, and Whitmarsh 2007; Semenza et al. 2008). This climate-103 

specific literature builds upon a much broader literature concerning the adoption and diffusion of 104 

innovations in agriculture (for examples, see Levins and Cochrane 1996; Napier and Tucker 105 

2001; Rogers 2003). 106 

We extend these literatures by combining two distinct theoretical frames –Treadmills of 107 

Production and Informational Influence – and by studying micro and macro-level social forces 108 

simultaneously. By using these lenses to examine our case, we demonstrate the ways in which 109 

structural features can constrain climate mitigation behaviors and how norms and informational 110 

influence may mediate those effects. Our findings suggest that scholarship and policy to address 111 

climate change must incorporate these structural and micro dimensions simultaneously.  112 

 113 

 114 
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Background: Nitrogen and Corn Production 115 

The use of Nitrogen fertilizer is nearly ubiquitous in contemporary agriculture, with 116 

American farmers applying approximately 13.5 million tons of Nitrogen fertilizer in 2012 117 

(Association of American Plant Food Control Officials and The Fertilizer Institute 2013). 118 

Although Nitrogen fertilizer has played an important role in increasing global crop production, it 119 

is associated with a number of environmental concerns, particularly ground and surface-water 120 

contamination (Dowd, Press, and Huertos 2008) and climate change. Nitrogen fertilizer use 121 

contributes to anthropogenic climate change through the release of Nitrous Oxide gas. In 2011, 122 

Nitrous Oxide comprised about 5% of greenhouse gasses released by human activity, and 123 

agriculture is responsible for approximately 70% of US Nitrous Oxide emissions (US EPA 124 

2011). Although Nitrous Oxide is a smaller proportion of greenhouse gasses than Carbon 125 

Dioxide, its Global Warming Potential is 298 times higher than Carbon Dioxide (US EPA 2011). 126 

One of the most effective climate change mitigation strategies in agriculture is reducing the 127 

application of Nitrogen fertilizer, therefore reducing release of Nitrous Oxide (Snyder et al. 128 

2009). Despite the effectiveness of this climate change mitigation strategy, use of Nitrogen 129 

fertilizer increased 16% between 1990 and 2007 in the US (USDA Economic Research Service 130 

2012) and agronomists estimate that at least 50% of US farms still apply more fertilizer than 131 

recommended (Millar et al. 2010).  132 

We focus on corn production for several reasons. First, approximately 50% of all 133 

Nitrogen fertilizer is applied to corn production in the US (USDA Economic Research Service, 134 

2012) and corn has an especially low Nitrogen Use Efficiency – approximately half of the 135 

fertilizer applied is lost to the environment (Cassman, Dobermann, and Walters 2002). Corn is 136 

also the most widely grown crop in the US, constituting approximately 96% of annual US feed 137 
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grain production with approximately 80 million acres of corn planted annually (USDA, 138 

Economic Research Service 2014). 139 

Previous studies have demonstrated a failure to acknowledge anthropogenic climate 140 

change amongst American farmers (Arbuckle Jr. et al. 2013; Haden et al. 2012; Stuart, Schewe, 141 

and McDermott 2012; White and Selfa 2013), consistent with larger American climate change 142 

beliefs (McCright and Dunlap 2000, 2011). Additional studies have demonstrated the failure of 143 

American farmers to adopt climate change mitigation practices (Arbuckle Jr. et al. 2013), 144 

particularly the reduction of Nitrogen fertilizer (Millar et al. 2010). We offer an explanation of 145 

why this might be the case, focusing on both structural and micro social forces.  146 

 147 

Contract Farming Literature 148 

Seed-corn contract farming, and contracting farming more generally, are best understood 149 

within the context of the significant agricultural restructuring that has occurred in recent decades 150 

(Goodman and Watts 1997; McMichael 1994). The contemporary agrifood system is 151 

increasingly concentrated in nearly all stages and sectors (Hendrickson and Heffernan 2007; 152 

Howard 2009, 2016), from consolidation amongst seed companies (Howard 2009) to grocery 153 

retailers (Hollingsworth 2004; Messinger and Narasimhan 1995; Tennent and Lockie 2012). 154 

Bonanno and Constance (2001) place agricultural contracts within an even broader context of 155 

globalization and increasing capital mobility that allows transnational corporations to source 156 

products globally and limits the possible regulatory responses of nation-states. Welsh (1997) 157 

demonstrates the rising use of agricultural contracts across a variety of commodity sectors, using 158 

an index to measure the “movement of decision-making control off the farm” and into the hands 159 
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of agribusiness firms (1997:496). He finds that “an increasing amount of agricultural production 160 

is being accounted for by contracts” (Welsh 1997:495), including within the seed crop sector.  161 

Within this environment of consolidation and restructuring, contracts are a 162 

complementary alternative to vertical integration – direct control of the different nodes of a 163 

commodity chain by a single entity (Kilmer 1986). A broad literature has developed to examine 164 

the functions of contemporary agricultural contracts (Constance 2008; Constance and Tuinstra 165 

2005; Goss et al. 2001; Stuart 2008; Vandergeest et al. 1999; Welsh 1997; Wolf et al. 2001) and 166 

firms’ motivations to engage farmers in contract farming. Wolf et al. (2001), in a study of 167 

contract farming in California’s fruit and vegetable sector, outline three key functions for 168 

agricultural contracts: 1) coordinating production, 2) providing incentives to induce particular 169 

behaviors amongst growers, and 3) sharing risk amongst the different actors from growers to 170 

intermediaries to firms. In these ways, Wolf et al. argue that contracts serve to overcome some of 171 

the limits of capital penetration into agriculture. Wolf and colleagues examine agricultural 172 

contracts from the perspective of the firms and processors who engage farmers in contracts, 173 

examining the policing mechanisms that firms employ to ensure that growers meet their quality 174 

and production standards (Wolf et al. 2001). Mooney (1983) and others (Wells 1984, 1987, 175 

1996) have argued that contracts allow firms to treat growers as employees, in that they can 176 

control their behaviors and practices, without the actual legal and ethical responsibilities of 177 

having them as employees.  178 

This study does not examine the perspective of the seed companies that engage in seed-179 

corn contracts nor the vertical integration of the seed-corn industry broadly, although they must 180 

be considered as an important context to the specific reality of seed-corn contract farmers’ 181 

experiences. We discuss the specific structure and function of seed-corn contracts in more detail 182 
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below. Generally, however, seed-corn contracts allow companies to coordinate production with 183 

projected demand for seed (Jones et al. 2001, 2003), to mitigate risks (Jones et al. 2003), and to 184 

incentivize growers to increase yield (Preckel et al. 2000), serving functions similar to those 185 

described by Wolf and colleagues (Wolf et al. 2001).  186 

A corresponding literature examines farmers’ responses to agricultural contracts, 187 

including a variety of alternative marketing strategies, collective bargaining of different types, 188 

and pursuing regulatory responses. Welsh (1997) highlights a wide range of grower responses 189 

and (sometimes) resistance to coercive contracts and argues that these responses are best 190 

understood within the social movement literature. Growers have resisted the constraints of 191 

vertical integration and/or contract farming through alternative marketing strategies (Cone and 192 

Myhre 2000; Grey 2000; Hinrichs 2000, 2003; Sharp, Imerman, and Peters 2002; Starr et al. 193 

2003), through a variety of collective bargaining or networks (Ashwood et al. 2014; Koehler, 194 

Lazarus, and Buhr 1996; Welsh 1997), and through demands for regulatory responses (Hamilton 195 

1994). Within hog farming, particularly, growers have utilized collective bargaining and 196 

networks to respond to contract farming conditions (Koehler et al. 1996) and to limit liability 197 

(Ashwood et al. 2014). Ashwood and colleagues argue that hog farmers are not passive victims 198 

of contract farming, but rather have effectively utilized collectivities and limited liability 199 

corporations (LLCs) to limit their own liability and place risks of concentrated hog farming onto 200 

local communities (Ashwood et al. 2014). A number of empirical studies have examined the 201 

impact of agricultural contracts across commodity sectors and sites, highlighting effects on labor 202 

(Borlu 2015; Burch 1994; Dixon 1982; Goss et al. 2001), environment (Mabbett and Carter 203 

1999; Vandergeest et al. 1999), and rural communities comprehensively (Ashwood et al. 2014; 204 

Bonanno and Constance 2001; Constance and Tuinstra 2005).  205 
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However, it is crucial to recognize that, although agricultural contracts have increased in 206 

penetration of the agrifood system broadly and are part of broader restructuring trends (Mooney 207 

1983; Welsh 1997; Wolf et al. 2001), there is significant heterogeneity amongst agricultural 208 

contracts and they intersect with unique features of different commodity systems in diverse 209 

ways. Welsh (1997) outlines three primary types of agricultural contracts: 1) marketing contracts 210 

that “require the producer to sell the production to a particular buyer on a predetermined 211 

schedule” (1997:494) but the producer maintains most control over production, 2) production 212 

management contracts in which a buyer defines “one or more production practices” (1997:494) 213 

but does not control an input directly, and 3) resource providing contracts in which a buyer 214 

controls one or more production practices and also controls a specific (or more than one) input 215 

directly. The extent of off-farm control and coercion increases across the three contract types, 216 

respectively. In this study, seed-corn contracts can be understood as the most restrictive 217 

“resource providing contracts” since the seed company retains ownership of the seed/crop itself 218 

(Jones et al. 2003). Agricultural contracts also vary significantly in their time span, with some 219 

fruit and vegetable (Wolf et al. 2001) and swine (Ashwood et al. 2014; Koehler et al. 1996) 220 

contracts being for multiple years and offering relative stability. Contracts for leafy greens 221 

(Stuart 2008), broiler chickens (Constance 2008; Constance and Tuinstra 2005), and our case of 222 

seed-corn (Jones et al. 2001, 2003; Preckel et al. 2000) are typically for only one season or year.  223 

Further, agricultural contracts can be either fixed-rate contracts or tournament contracts. 224 

In fixed-rate contracts, a rate or price is secured at the onset of the contract, as is the case with 225 

most fruit and vegetable (Stuart 2008; Wolf et al. 2001) and swine contracts (Koehler et al. 226 

1996). Tournament contracts, in contrast, are “ex post payment” contracts in which contracted 227 

growers are ranked against each other on some measure of commodity quality or quantity and 228 
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payment is based on this tournament ranking (Preckel et al. 2000). Tournament contracts are 229 

commonly used in broiler chicken production (Constance 2008; Constance and Tuinstra 2005) 230 

and in our case of seed-corn contracts (Jones et al. 2001, 2003; Preckel et al. 2000).  231 

Our contribution to this diverse literature on contract farming is three-fold: firstly we 232 

study contract farming within corn production, the most widely grown crop in the US (USDA, 233 

Economic Research Service 2014). Secondly, we examine climate change mitigation behavior 234 

specifically. Thirdly, we recognize the heterogeneity of contract farming and focus on 235 

identifying specific features of seed-corn contracts that shape impacts and outcomes. Contract 236 

farming must be examined with appropriate historicity and specificity in order to address the 237 

diversity of potential impacts; we combine the theoretical frames of Treadmill of Production and 238 

Informational Influence with this contract farming literature to highlight the complex reality of 239 

seed-corn contract farming and its effect on farmers’ climate change mitigation behavior. 240 

 241 

Seed-Corn Contract Farming 242 

In this study, we examine seed-corn contract farmers, as compared to commercial corn 243 

farmers. Commercial corn farmers grow for the conventional commercial market: corn that is 244 

sold to distributors and processors, ultimately becoming a variety of commodities such as animal 245 

feed, corn syrup, ethanol, and/or other processed goods. In contrast, seed-corn contract farmers 246 

enter into annual production contracts with seed companies to grow varieties of corn that will 247 

later be sold by that company as seed. Seed companies use contracts to ensure that they have an 248 

adequate supply of different seed varieties available for the global market (Jones et al. 2001, 249 

2003) and to “align incentives” of growers and the company (Jones et al. 2001, 2003; Preckel et 250 

al. 2000). From the firms’ perspective, seed-corn contracts serve the three key functions of 251 
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agricultural contracts described by Wolf et al. (2001): 1) coordinating production, 2) providing 252 

incentives to induce particular behaviors amongst growers, and 3) sharing risk amongst the 253 

different actors from growers to intermediaries to firms. Seed contracts typically offer growers 254 

significantly higher profitability than the commercial corn market (Preckel et al. 2000), but are 255 

highly competitive and risky, and can result in significant income losses if a contract is not 256 

renewed or production suffers.  257 

In seed-corn contract farming, “an agricultural producer grows a crop expressly to 258 

provide seed for a supplier” (Preckel et al. 2000:470). Seed-corn contracts have several key 259 

features: they are short-term annual contracts, they are exclusive (i.e. the contracted farmer can 260 

only sell the contracted seed to one company), the company retains ownership of the seed, and 261 

they are tournament contracts. In tournament contracts, growers are ranked against other growers 262 

and then receive bonus and penalty payments based upon that ranking. Importantly, the higher 263 

potential level of profitability of seed-corn contract farming versus commercial corn farming 264 

ensures that: 265 

Typically the number of producers seeking such contracts exceeds the number of 266 

contracts available. In response, seed companies allocate contracts to preferred 267 

producers, usually on the basis of high yields. As a result, a producer has two 268 

incentives to seek a high yield: the bonus payment and the increased likelihood of 269 

future contract allocations. (Preckel et al. 2000:470) 270 

Preckel (2000) argues that the primary mechanism by which seed-corn contracts shape grower 271 

behavior is through fear of losing their contract, similar to the fear of leafy green growers 272 

described by Stuart (2008). Seed company representatives estimate that, on average, seed-corn 273 

contract growers have profits-per-acre 20-50% higher than commercial corn growers. However, 274 
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seed-corn growers at the top of tournament rankings can have incomes three or four times higher 275 

than commercial growers. Inversely, growers at the bottom of tournament rankings can have 276 

extremely high annual losses and face contract non-renewal (personal communication). 277 

While seed-corn represents the minority of corn farms in the US, it is an illustrative case 278 

in which to study the effects of production contracts on farmers’ management decisions, to 279 

highlight specific features of contract production that constrain farmers’ behaviors, and to 280 

explore how these structural constraints interact with micro-level informational influence. Seed-281 

corn farmers have formal production contracts with seed companies that may have important 282 

impacts on their climate change – or other – management behavior and that is what we explore in 283 

this case study. 284 

In recent decades there have been significant developments in corn production and 285 

biotechnology, with new varieties of corn that are high producing, hardy, and have a number of 286 

modifications such as herbicide resistance and higher oil content (Darrah, McMullen, and Zuber 287 

2003). Seed-corn contracts have played an important role in these developments, as seed-corn 288 

farmers are under contract to grow these new and experimental varieties of corn for seed. 289 

Contracts give individual growers responsibility for production risks while allowing seed 290 

companies to manage fluctuating global production and demand and ensuring access to a wide 291 

array of corn varieties (Jones et al. 2001). Seed companies rely on contracts as a cost-effective 292 

way to produce seed, mitigating risks associated with weather, pests, and other production 293 

conditions by contracting with growers from around the world (Jones et al. 2003). Rather than 294 

using contracts to police “quality control” as within the fresh fruit and vegetable sectors (Stuart 295 

2008; Wolf et al. 2001), within the seed-corn sector the firms’ primary policing objective is to 296 
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ensure quantity/yield, and contracts are structured in order to prioritize yield through tournament 297 

ranking. 298 

It is difficult to estimate the extent of contract seed-corn production in the US because the 299 

Agricultural Census does not differentiate between commercial and seed-corn farms. However 300 

seed-corn company representatives estimated that at least 100,000 acres in Southwest Michigan 301 

are in seed-corn production (personal communication). Reflective of broader restructuring 302 

trends, the seed-corn industry is highly concentrated; together Monsanto and Pioneer control 303 

65% of the US seed-corn market (Howard 2009). According to industry representatives, in 304 

Southwest Michigan these two companies control about 75% of the seed-corn market and have a 305 

major influence over regional production practices (personal communication).  306 

Amongst our sample, 17% of respondents grow any contract seed-corn, 12% grow 307 

majority contract seed-corn, and only 7% of respondents grow only contract seed-corn (Table 1). 308 

While a minority of the corn industry, seed-corn contract farms are significantly larger, on 309 

average than commercial corn farms (Table 2). While few studies have empirically examined 310 

seed-corn contract production, some studies have found that contracts were associated with 311 

higher chemical inputs and use of non-family labor (Winters, Simmons, and Patrick 2005) and 312 

higher rates of Nitrogen fertilizer use specifically (Jolejole 2009; Preckel et al. 2000). We build 313 

upon these preliminary studies by examining why this may be the case.  314 

 315 

 316 

<Table 1 here> 317 

 318 

<Table 2 here> 319 
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 320 

 321 

Treadmills of Production 322 

We bring together two theoretical perspectives to explore barriers to adopting climate 323 

change mitigation behaviors in seed-corn production: Treadmills of Production and 324 

Informational Influence. Treadmill of Production theory (Gould et al. 2004; Gould, Pellow, and 325 

Schnaiberg 2008; Schnaiberg 1980; Schnaiberg and Gould 2000) offers a Marxian structural 326 

perspective, highlighting the ways in which a competitive capitalist system creates an 327 

unavoidable speeding up of production and associated social and environmental costs. Firms (in 328 

this case, farms) compete to increase production and lower costs, through technology adoption 329 

and/or labor exploitation, in order to capture a larger portion of the market than competitors. This 330 

relentless pursuit of growth is the defining feature of capitalist systems, the “dominating social 331 

good” (Schnaiberg and Gould 2000:viii). Increased production relies on increased extraction and 332 

new technologies that are often more input-intensive (“withdrawals”). Conversely, increased 333 

production and consumption also generate increased waste and increasing pollution 334 

(“additions”). Schnaiberg, Gould, and colleagues argue that this Treadmill is both 335 

environmentally and socially unsustainable (Gould et al. 2004, 2008; Schnaiberg 1980; 336 

Schnaiberg and Gould 2000).  337 

Specifically within the study of agriculture, Treadmill of Technology theory (Cochrane 338 

1958; Levins and Cochrane 1996) makes a similar theoretical argument highlighting structural 339 

pressures to continuously increase production within capitalist systems. Cochrane and colleagues 340 

(Cochrane 1958; Levins and Cochrane 1996) emphasize that increasing production, primarily 341 

through technology, is the primary way for farmers to increase income. However, investment in 342 
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technology increases debt burdens and industry-wide production increases suppress commodity 343 

prices, placing farmers under further pressure to increase production (hence, the Treadmill 344 

analogy). Treadmill of Production and Treadmill of Technology theory highlight the ways in 345 

which individual farms and actors are constrained by the larger capitalist political economy that 346 

creates structural demands for increased production.   347 

Rural sociologists and agricultural economists have also explored the Treadmill of 348 

Production within a political context, highlighting how the structure of political and economic 349 

systems emphasize continuously increasing production (Buttel 2001; Buttel, Jr, and Larson 1990; 350 

Marsden 1989; Ploeg 1990; Wilson 2001). The majority of Western nation-states have 351 

agricultural price supports and an agricultural regulatory system built to prioritize production, 352 

built on narratives of modernity and “feeding the world.”  353 

This structural perspective offers a theoretical basis for our examination of the role 354 

political economy may play in constraining climate mitigation behaviors in agriculture. 355 

Specifically, we engage with Treadmill of Production theory to answer three research questions: 356 

do seed-corn contracts create or reinforce a competitive pursuit of production at almost any cost, 357 

as described in the Treadmill of Production? To answer this question, we use survey data to 358 

compare seed-corn contract growers to conventional growers. If so, what specific features of 359 

contract production may serve to underpin the Treadmill? To answer this question, we analyze 360 

interview and focus group data for constraints identified by producers themselves. And does this 361 

competition to increase production lead to increased ‘additions’ – in this case Nitrous Oxide gas 362 

from Nitrogen fertilizer – as described in the Treadmill of Production? By examining Treadmill 363 

of Production theory within the context of agricultural production contracts, we extend existing 364 
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theory to identify some specific structural features that may serve to create and reinforce the 365 

pressures of the treadmill. 366 

 367 

Informational Influence 368 

Informational influence is a social psychological theory to explain behavior. 369 

Informational influence (Deutsch and Gerard 1955) argues that normative influence occurs when 370 

individuals accept information from others as accurate and valid, particularly in cases of 371 

uncertainty (Kaplan and Miller 1987) and/or high “task importance” (i.e. when a decision has a 372 

potentially large impact) (Baron et al. 1996). In the absence of certainty or complete information 373 

when making decisions, individuals are more likely to rely on information from others and to 374 

conform their behavior to the normative expectations of others. “More concretely, informational 375 

influence often occurs in situations where members are trying to solve a complex problem 376 

unfamiliar to them” (Michener, DeLamater, and Myers 2004:340).  377 

The relative importance of tasks/decisions at hand is also crucial to understandings of 378 

informational influence. Baron and colleagues conceptualize task importance as “the extent to 379 

which making correct or accurate judgments mediates important rewards and punishments” 380 

(1996:915). In “high stakes” situations in which there is a lot to gain or lose as a result of a 381 

decision, individuals are more susceptible to informational influence. In these ways, 382 

informational influence is a key mechanism for the creation and transmission of norms and 383 

behaviors (Michener et al. 2004).  384 

In this study, we engage with informational influence to answer two research questions: 385 

do trusted sources of information affect farmers’ climate change behavior? To answer this 386 

question, we examine the impact of trusted sources of information for all producers. Secondly, 387 
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does the high-risk, low-information context of seed-corn farming increase the salience of 388 

informational influence? To answer this question, we again turn to a comparison between seed-389 

corn contract growers and commercial corn growers. Decisions surrounding Nitrogen fertilizer 390 

use are a situation of both high uncertainty and high task importance, exactly the type of scenario 391 

in which informational influence is most pronounced. All farmers face an absence of complete 392 

information regarding their crop and agronomic conditions, and extremely unpredictable and 393 

influential “forces of nature” (Nafzinger, Sawyer, and Hoeft 2004; Roberts 2007; Robertson and 394 

Vitousek 2009). Further, corn farmers’ decisions surrounding Nitrogen fertilizer are of crucial 395 

importance to the success of their crop and livelihood (Robertson and Vitousek 2009). A misstep 396 

in Nitrogen management can have significant effects on the outcome for a corn crop and have 397 

long-lasting effects on farmers’ livelihoods, creating a situation of low information and high risk. 398 

However, as we will discuss in depth in our findings, the structure of seed-corn contracts 399 

exaggerates this high-risk/low-information environment through competitive ranking and 400 

extremely limited agronomic information available to growers. Therefore, seed-corn contract 401 

farming provides the sort of high stakes and low information environment in which we would 402 

expect high levels of informational influence. 403 

We bring these diverse theoretical perspectives together to demonstrate the mutually 404 

reinforcing relationship between the capitalist political economy and informational influence and 405 

how these social forces affect farmers’ use of Nitrogen fertilizer as a climate change behavior. 406 

 407 

Methods 408 

This study relies on interviews, focus groups, and a mail survey with corn farmers in 409 

Branch, Calhoun, Kalamazoo, and St. Joseph counties in Southwest Michigan. This data was 410 
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collected as a social science supplement to the Long Term Ecological Research project at 411 

Kellogg Biological Station (Michigan State University) and was part of a larger interdisciplinary 412 

research project focused on climate change mitigation and adaptation in row-crop agriculture. 413 

Together, the four study counties contain 1,200 corn farms and over 300,000 acres of 414 

corn (USDA 2007). Both Pioneer and Monsanto’s North American seed-corn subdivisions are 415 

located in St. Joseph County, and St. Joseph, and Kalamazoo counties have a large number of 416 

seed-corn acres while Branch and Calhoun Counties are primarily composed of commercial corn 417 

growers.  418 

Between January and May 2011, in-depth, semi-structured interviews were conducted 419 

with farmers in each county. 40 farmers were interviewed: 11 farmers in Calhoun County, 9 in 420 

Kalamazoo County, 12 in St. Joseph County, and 8 in Branch County. Michigan State University 421 

Extension agents recommended initial contacts and we used snowball sampling for subsequent 422 

interviews. Interviews included 23 commercial corn growers, 11 seed-corn growers, and 11 423 

growers of both commercial and seed-corn. Questions focused on factors influencing Nitrogen 424 

fertilizer application, willingness to reduce application, and interest in climate offsets, as well as 425 

questions concerning climate change knowledge and belief and the relationship between 426 

Nitrogen fertilizer and climate change. Recordings and notes were transcribed and analyzed 427 

using NVivo software (QSR International 2010), iteratively coded by both authors for major 428 

themes and subthemes using a grounded theory approach (Charmaz 2006). Following 429 

preliminary analysis of survey and focus group data (described below), a second round of 430 

iterative coding was conducted to triangulate and extend survey and focus group findings. 431 

During February and March 2011, we conducted four focus groups with corn farmers, 432 

one per county. The Branch, Calhoun, and Kalamazoo County focus groups included 433 
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commercial corn growers and growers who grew both commercial and seed-corn, while the St. 434 

Joseph County focus group included six growers who grew only seed-corn. The Branch focus 435 

group included six growers, two of which grew seed-corn. The Calhoun focus group included 436 

four growers, all of whom grew commercial corn. The Kalamazoo focus group included eight 437 

growers, three of whom also grew seed corn. The group format and discussion amongst 438 

participants allowed us to observe points of consensus and disagreement amongst growers and 439 

the diversity and commonalities of practices and beliefs. The data generated by the focus groups 440 

was particularly helpful for answering questions related to the role of informational influence 441 

and peer influence. Focus group participants were recruited by the co-authors introducing the 442 

research project and passing a sign-up sheet at local meetings of the Michigan Corn Growers’ 443 

Association, the annual Michigan Ag Action Day, the Michigan Agricultural Conference on the 444 

Environment, and through recommendations from Michigan State University Extension. All 445 

focus groups followed the same list of questions and were recorded. Early questions focused on 446 

what factors influence Nitrogen fertilizer use and tools and challenges to increasing Nitrogen 447 

efficiency. Then, a possible climate offsets program focused on reducing Nitrogen fertilizer use 448 

as a climate change mitigation strategy was introduced. The second set of questions focused on 449 

such a potential offsets program, climate change knowledge and beliefs, and the link between 450 

Nitrogen fertilizer and climate change. Focus groups were transcribed and analyzed using NVivo 451 

software (QSR International 2010) and grounded theory coding (Charmaz 2006). After 452 

preliminary analysis of survey data, we conducted a second round of iterative coding of focus 453 

group transcripts to triangulate and extend survey findings. 454 

To generate a third and more representative data set, in February and March 2011 we sent 455 

a mail survey to a stratified random sample of 1,000 corn farmers in the four counties. The 456 
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survey was administered with the National Agricultural Statistical Service (NASS) and used the 457 

Census of Agriculture as the sampling frame. To ensure that the final sample included an 458 

adequate number of large farms, the sample was stratified by acreage (Table 3). All survey 459 

analysis was conducted using Stata’s svy prefix and appropriate weights to reflect that both the 460 

sampling rate and strata size vary in the survey design (StataCorp 2013). 461 

 462 

<Table 3 here> 463 

 464 

Because of sociopolitical division regarding climate change in the US (McCright and 465 

Dunlap 2000, 2011), survey packaging emphasized the study of Nitrogen fertilizer and questions 466 

specific to climate change were reserved for the survey’s second half. Using methods 467 

recommended by Dillman (Dillman 2007; Dillman et al. 2009), we used four points of contact 468 

with the sample. 274 completed surveys (27% response rate) were returned. Such a low response 469 

rate does raise questions concerning potential non-response bias. Unfortunately, limited access to 470 

the sampling frame from NASS due to privacy restrictions prohibited conventional non-response 471 

analysis. However, we found no significant differences between our respondents and the Census 472 

of Agriculture or a previous statewide survey (Jolejole 2009) on key measures including age and 473 

farm size (acreage) (see Appendix A).  474 

 475 

Survey analysis 476 

Our dependent variable is self-reported total Nitrogen fertilizer applied per acre in the 477 

most recent season. Agricultural scientists have argued that “fertilizer Nitrogen (N) rate is the 478 

best single predictor of Nitrous Oxide emissions in rowcrop agriculture in the US Midwest” 479 
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(Millar et al. 2010:185). Further, “although other management and environmental factors can 480 

influence Nitrous Oxide emissions, fertilizer Nitrogen rate can be viewed as a single 481 

unambiguous proxy” (Millar et al. 2010:185) for GHG emissions in corn production. Therefore 482 

we are confident in the use of overall Nitrogen fertilizer per acre as an effective proxy for 483 

Nitrous Oxide emissions and, as introduced previously, an effective measure of increased 484 

‘additions’ theorized in the Treadmill of Production (Buttel 2004; Gould et al. 2004). 485 

To arrive at our dependent variable, we combined several survey questions. First, 486 

respondents were asked how many acres of commercial corn and how many acres of seed-corn 487 

they grow in a typical season. Secondly, respondents were asked four questions concerning total 488 

Nitrogen application: total Nitrogen application for unirrigated commercial corn acreage, for 489 

irrigated commercial corn acreage, for unirrigated seed-corn acreage, and for irrigated seed-corn 490 

acreage. From these, we calculated an average Nitrogen application rate per acre for commercial 491 

corn and for seed-corn. Third, we determined if the respondent grew only commercial corn, only 492 

seed-corn, or a combination of commercial and seed-corn. If they grew only commercial or seed-493 

corn, then the average Nitrogen application per acreage for the appropriate type of corn was 494 

assigned as their overall Nitrogen application rate per acre. If they grew a combination of 495 

commercial corn and seed-corn, then whichever type of corn constituted the majority of their 496 

corn acreage was assigned as the their overall Nitrogen application rate per acre. Finally, since 497 

analysis of the distribution of the overall Nitrogen application rate per acre failed to confirm 498 

normality, we performed a Box-Cox transformation to ensure normality. Tests of skewness and 499 

kurtosis indicated no significant difference from normality (see Appendix B). 500 

We then conducted bivariate comparison of means (Table 4), using Wald tests for 501 

significance and OLS regression1 with the Nitrogen fertilizer application rate as the dependent 502 



 23 

variable (Table 5). Model 1 includes all respondents, with sociodemographic controls2 and a 503 

dummy variable for the whether the respondent grew seed-corn. In order to test the role of 504 

informational influence, it also includes independent variables representing farmers’ trusted 505 

information sources. Respondents were asked: “Where do you get information that is influential 506 

in determining Nitrogen fertilizer application?” 3 with responses including: 1) fertilizer dealers, 507 

2) seed company agronomists/dealers/newsletters, 3) other farmers, 4) industry trade magazines, 508 

5) company fieldman/contract production, 6) private consultants, 7) university recommendations, 509 

or 8) other sources, all coded as dummy variables. We also included a variety of agronomic 510 

variables as controls: type of Nitrogen fertilizer used (urea or UAN solution of urea and 511 

anhydrous ammonia, anhydrous ammonia, or manure), percent of cropland that is irrigated, 512 

whether the respondent plants cover crops4, the most common soil type of cropland, whether the 513 

respondent uses side-dressing to apply Nitrogen fertilizer5, whether the farm is part of any 514 

USDA conservation programs6, whether the respondent uses Pre-sidedress Nitrate Testing 515 

(PSNT) to determine how much Nitrogen fertilizer is needed7, and corn acreage in a typical 516 

season. In addition, we asked respondents “How important is each factor in determining how 517 

much Nitrogen fertilizer you apply?” with potential factors including: 1) fertilizer price, 2) corn 518 

price, 3) yield, 4) and the balance of costs and expected returns. Model 2 includes the full 519 

collection of independent variables but is limited to the subpopulation of respondents who grow 520 

majority seed-corn.  521 

These multivariate analyses allow us to better isolate the effects of our key variables of 522 

interest to answer our research questions. We are able to isolate the effect of production contracts 523 

from other potential influences in order to determine whether contracts do, in fact, reinforce the 524 

Treadmill of Production and ultimately increase ‘additions.’ We are also able to isolate the 525 
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effects of informational sources to determine whether trusted sources of information do, in fact, 526 

influence behavior and whether the high-risk, low-information context of seed-corn contract 527 

farming does ultimately increase the salience of informational influence (Model 2). 528 

 529 

Results 530 

 531 

Political Economy of Contract Corn Production 532 

The political economy of seed-corn contract production provides structural reinforcement 533 

that encourages over-application of Nitrogen fertilizer and makes farmers unlikely to reduce 534 

Nitrogen fertilizer as a climate change mitigation behavior. Rather than farmers being irrational 535 

or wasteful in over-application of Nitrogen fertilizer, our findings suggest that seed-corn farming 536 

creates a context in which it is rational for farmers to focus on production as the key measure of 537 

success and to apply high rates of Nitrogen fertilizer to ensure that production. Seed-corn 538 

growers do, in our study, apply 20% more pounds of Nitrogen fertilizer per acre than commercial 539 

corn growers (Table 4). Amongst the small subpopulation of growers who grow both commercial 540 

corn and some of their acreage under seed-corn contracts, they apply nearly four times as much 541 

Nitrogen per acre on their seed-corn acreage as on their commercial acreage (Table 4). 542 

 543 

<Table 4 here> 544 

 545 

 Regression analysis (Table 5, Model 1) confirms that seed-corn farmers apply 546 

significantly more Nitrogen fertilizer than commercial corn growers, even when controlling for a 547 
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number of other variables. In fact, growing seed-corn has a larger effect than any other 548 

independent variable. 549 

  Interview and focus group data confirm the role of seed-corn production structures in 550 

reinforcing over-application of Nitrogen fertilizer, elucidating the processes by which this 551 

occurs. In particular, interviewees and focus group participants highlighted three features of 552 

seed-corn production that reinforced excessive Nitrogen application: 1) unpredictable 553 

introduction of new corn varieties, 2) protection of intellectual property rights by seed 554 

companies, and 3) a competitive “tournament contract” ranking system.  555 

Firstly, seed companies assign corn varieties to growers based on projected global market 556 

demand, with virtually no input from growers themselves (Jones et al. 2001, 2003). Contract 557 

growers report having no input in which varieties they are assigned, often being assigned and 558 

expected to manage several different varieties in a single season, and having assigned varieties 559 

changed frequently. This constant changing of corn varieties prohibits seed-corn growers from 560 

accumulating knowledge from growing the same or similar varieties over several years in your 561 

own fields, limiting their ability to make judicious decisions regarding how much Nitrogen to 562 

apply. Contract growers spoke frequently about the difficulties of this rapid change and lack of 563 

accumulated knowledge about different varieties, as a focus group participant explained: “I don’t 564 

have two fields with the same variety. I get so many different things…. We don’t know the 565 

history.” Another seed-corn grower in a focus group explained: “You really don’t know {how 566 

much Nitrogen to apply} unless you build some kind of history and get some knowledge behind 567 

it.” The unpredictability of seed-corn assignments limits farmers’ ability and willingness to 568 

reduce Nitrogen fertilizer.  569 
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Secondly, to protect the intellectual property rights of the seed companies and patented 570 

corn varieties, growers report that they are provided extremely limited information about the 571 

corn varieties they are assigned. One contract grower in a focus group said: “Well, some inbreds 572 

will only produce 60 bushels and some inbreds will produce 120, 130, 140, 150. So, you have no 573 

idea what you’re really putting out there…. We can’t calculate anything.” Another seed-corn 574 

grower and focus group participant expressed his frustration with the lack of information 575 

provided by seed companies:  576 

The thing that does cost us is that [seed company] is turning over product and 577 

wanting us to grow inbreds that they’re not familiar with. We’re getting less and 578 

less testing and less information with regard to what we should do as growers. 579 

Contract growers report that seed companies provide extremely limited information on new 580 

varieties, especially crucial information on expected yield and nutrient demands that would allow 581 

them to make reductions to Nitrogen fertilizer. Without this information their response is to 582 

apply large amounts of Nitrogen fertilizer in order to ensure production. In this way, seed-corn 583 

contracts reinforce high Nitrogen application. 584 

Finally, competition to secure and maintain seed contracts is fierce, and most seed 585 

contracts are “tournament contracts” based on competitive ranking amongst growers. Growers 586 

are ranked by net production in comparison to other growers of the same variety and receive 587 

bonus payments or penalties based on ranking. Low production may also result in the seed 588 

company not renewing the contract the following season. These competitive contract structures 589 

have previously been shown to result in over-application of Nitrogen fertilizer (Preckel et al. 590 

2000). One contract grower and focus group participant spoke of the widespread unwillingness 591 

to reduce Nitrogen fertilizer because of contracts: “We have a fear of losing our contracts, we 592 
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need to protect our position.” During an interview, one contract grower explained: “In our 593 

company there have been a lot of cutbacks and it’s always those five guys at the bottom who get 594 

cut, it’s a big motivation.” Failure to renew contracts places farmers’ livelihoods at risk. This 595 

makes farmers extremely risk averse concerning any behavior, such as reduction of Nitrogen 596 

fertilizer, which may threaten their production, again reinforcing production as the key measure 597 

of success and incentivizing Nitrogen over-application. 598 

The competitive ranking structure of seed-corn contracts involves pitting growers against 599 

each other based on net production, discouraging any practice that might reduce yield. One seed-600 

corn grower said during an interview:  601 

Contracts are based off of yield goals, so therefore, if you don’t have the amount 602 

of nutrients out there and you don’t meet your yield goal, you won’t get paid for 603 

it. You’re expected to make a goal, and if you don’t, you run the risk of being cut 604 

as a grower. 605 

Bonus payments for high yield rankings further incentivize Nitrogen application and production 606 

by distorting the cost/benefit ratios of fertilizer. A focus group participant said: “That last little 607 

bit {of Nitrogen} could give you 17-19 bushels {of additional production}, which makes it worth 608 

a fortune” if it bumps a farmer up in the rankings to receive a bonus. Another contract grower 609 

and focus group participant said: “Our contracts give us complete flexibility in how much {N} to 610 

apply, but the competitive structure locks us in.” Although contracts do not formally require high 611 

Nitrogen application, their competitive structure creates a formal mechanism to incentivize over-612 

application.  613 

 During a focus group that included both commercial and seed-corn growers, growers 614 

discussed the different incentives between commercial growers and seed-corn contract growers 615 
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regarding applying Nitrogen fertilizer. In the following discussion between two farmers at the 616 

focus group, Farmer 1 grew both commercial and seed-corn, while Farmer 2 grew only 617 

commercial corn: 618 

Farmer 1: Well I equate {efficient use of Nitrogen} with milking. That, in the 619 

dairy world people talk about how many pounds or gallons {of} production, and 620 

that’s kind of a measuring stick, but it’s not really a great measuring stick of 621 

profitability or efficiency. I don’t know if that’s kind of the same thing in the 622 

grain world but I don’t think people are really hog wild {about applying 623 

Nitrogen}, you know. I kind of kid about the seed corn, but seed corn is such a 624 

unique product, and you can have hybrids that can go from 20 bushels to 120 625 

bushels, so it’s really tough… and I don’t know what the rest of the seed corn 626 

guys do, but the incentive to over-apply is a lot more than commercial guys. I’m 627 

just trying to think of the people that I know in the {commercial corn} grains. I 628 

don’t think you have too many people that really go hog wild on N anymore. Do 629 

you? 630 

Farmer 2: I don’t believe so, no. 631 

Farmer 1: Just because of the economics.  632 

During the focus group that included all seed-corn growers, participants openly discussed, from 633 

the very start of conversation, how concepts of efficiency or cost/benefit analysis related to 634 

Nitrogen application are shaped by their competitive contracts: 635 

Focus group coordinator: OK. Great. OK. So, um, the first question is, for your 636 

seed corn farming operations, how do you determine how much nitrogen fertilizer 637 

to use? 638 
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Farmer 1: Darn good question. 639 

Farmer 2: That is a good question. 640 

Farmer 3: We’re given suggestions by the companies…. And you take that with a 641 

kind of grain of salt…But I’m sure as the conversation’s going to go along, you’ll 642 

be filled in on the competitiveness of the contracts and how that skews our 643 

thought pattern. At least, mine. I don’t want to speak for the whole group, but it 644 

does skew mine.  645 

Farmer 2: Margin analysis goes out the window on most inputs in the seed corn 646 

contract. So you wont hear much of that here, I don’t think.  647 

Again, the competitive tournament structure of contracts incentivizes over-application of 648 

Nitrogen and undermines any potential focus on “efficient” use of this input. 649 

 650 

Mediation by Informational Influence 651 

 Given the importance of Nitrogen fertilizer decisions and the lack of complete 652 

information, farmers are particularly susceptible to informational influence. We find that 653 

informational influence, represented by where farmers turn for trusted information regarding 654 

Nitrogen fertilizer, is related to how much Nitrogen fertilizer they apply. Informational influence 655 

may mediate the relationship between the political economy, social norms, and climate 656 

behaviors, particularly for contract growers.   657 

Regression results demonstrate the significance of trusted sources of information on this 658 

climate mitigation behavior (Table 5). Amongst all respondents, those who report that fertilizer 659 

dealers are their most trusted source of information regarding Nitrogen fertilizer apply 660 

significantly more Nitrogen per acre (Table 5, Model 1). This is perhaps not surprising, given 661 
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that there is little incentive for fertilizer dealers to encourage reduced Nitrogen application rates, 662 

but may serve as a significant informational barrier to adopting this climate change mitigation 663 

behavior.  664 

Amongst the subpopulation of seed-corn farmers (Table 5, Model 2), the impact of 665 

informational influence appears even stronger (larger effect sizes). This suggests that the effect 666 

of informational influence is stronger for seed-corn farmers than for corn farmers generally. This 667 

is consistent with theories of informational influence (Deutsch and Gerard 1955), particularly the 668 

role of “task importance” in increasing informational influence (Baron et al. 1996; Michener et 669 

al. 2004). Seed-corn farmers, as outlined above, must make decisions with even less information 670 

and even higher risk/reward than commercial corn growers. In these conditions, seed-corn 671 

farmers are more susceptible to informational influence. Sources of trusted information not only 672 

were associated with Nitrogen behavior, but that influence varied between commercial and seed-673 

corn growers, suggesting that a more complex relationship exists between the structural variable 674 

– contract farming – and the informational variable. Those seed-corn farmers who rely on other 675 

farmers as their most important source of advice apply significantly higher rates of Nitrogen 676 

fertilizer, while those who are part of a USDA conservation program apply significantly lower 677 

rates of Nitrogen fertilizer. Taken comprehensively, these results suggest that informational 678 

influence may be an important mediator in the relationship between the political economy of 679 

corn production and Nitrogen fertilizer application rates.  680 

Interview and focus group data further illustrate the importance of trusted sources of 681 

information. When we asked where farmers turned for information about Nitrogen fertilizer 682 

decisions, interview and focus group participants echoed survey findings: they predominantly 683 
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rely on fertilizer dealers and/or seed companies. One contract grower discussed his trusted 684 

relationship with both fertilizer dealer and seed company agronomists during an interview: 685 

Farmer: I used to take my soil samples to one {fertilizer} dealership and buy my 686 

fertilizer from another so that I didn’t get bad feedback based on them wanting to 687 

make a sale. 688 

  Interviewer: You don’t do that anymore? 689 

Farmer: I don’t need to. I’m okay with who we’re using as a distributor now to 690 

the point where I’m okay with it. 691 

Another seed-corn farmer emphasized the importance of advice from his fertilizer dealer during 692 

an interview: “I don’t want to sound like I don’t take advice, because I do take 693 

advice…{Fertilizer dealer 1} was one and {Fertilizer dealer 2} was the other one…. Their 694 

manager is a pretty good agronomist and he helps us though questions we have and things like 695 

that.”  696 

Overwhelmingly, seed-corn farmers spoke of a reluctance to share information with peers 697 

or to ask for advice from other farmers. When asked if he was willing to share Nitrogen 698 

information or advice with other farmers, one seed-corn farmer said during an interview: 699 

“Actually, not too many…. generally speaking, it’s only if you have a neighbor or a friend that 700 

wants to know what you are doing.” Seed-corn growers emphasized the competitive nature to 701 

their peer relationships. During an interview, one seed-corn grower lamented the competitive 702 

edge to his peer relationships because of the contracts: 703 

One of the things that is difficult about growing seed-corn is that if the field 704 

across the road is planted the same as mine, and I’m competing against it, then it’s 705 

hard for me to ever feel good about seed on my neighbor’s ground. And you wish 706 
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for back in the day when you could just say ‘Well, it’s all just commercial corn 707 

and I don’t care how much corn he grows…’ But now I’m thinking: ‘Geeze, 708 

when’s the hail going to get here?’ You know, it’s that kind of thing that you 709 

can’t be happy for the neighbor because it means so much to you. We’re all 710 

friendly to each other, but we all know the stakes of competition. 711 

During a focus group one seed-corn farmer shared his experience with different types of 712 

Nitrogen fertilizer, but then added an important aside to the authors:  713 

You know, I didn’t know if I should put out some of these figures I have. But this 714 

is a real good group here. I mean, good people that I trust and I know that, you 715 

know, I can share this information with. So, I wanted to make sure you 716 

understood that. 717 

He wanted the authors and focus group coordinators to understand that ordinarily he would not, 718 

and did not, share advice or information regarding Nitrogen fertilizer with other contract farmers. 719 

Later in the focus group, mistrust amongst competitive seed-corn farmers came up again: 720 

Focus group coordinator: Do you think there’s a disincentive to share information 721 

amongst seed-corn farmers? 722 

<Group Laughter> 723 

Farmer 2: You didn’t catch the implication with {Farmer 1}? I trust the people in 724 

this room, but I don’t trust anybody else. 725 

Again, the causal direction is unclear, but the informational influence of trusted sources 726 

of information is clearly related to Nitrogen application rates for producers, and may serve as an 727 

important context for transmission of structural constraints into practices. 728 

 729 
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Discussion: Implications for Climate Change Mitigation 730 

Our findings suggest that much more significant barriers exist to the adoption of climate 731 

change mitigation behaviors than lack of information or climate change denialism: competitive 732 

seed-corn contracts that reinforce excessive Nitrogen application and informational networks that 733 

interlock with these structural constraints. Within row-crop agriculture, overall Nitrogen 734 

application rate is the most parsimonious and appropriate proxy for Nitrous Oxide emissions and 735 

overall climate impacts of production (Millar et al. 2010). Therefore, higher rates of Nitrogen 736 

fertilizer application translate directly to higher climate impacts for seed-corn contract 737 

production, as compared to commercial corn production. 738 

Rather than being irrational or willfully wasteful in use of Nitrogen fertilizer, however, 739 

we argue that over-application of Nitrogen fertilizer is a logical response to the structure of 740 

contract seed-corn production and the constraints it places on producers. Rather than sell a crop 741 

on the “open” commodity corn market, seed-corn farmers enter into annual, exclusive, 742 

production contracts with seed companies to grow whichever varieties of corn they are assigned 743 

by the company. These production contracts are “tournament contracts” in which growers’ 744 

payment and penalties are based on overall yield. Contracts limit farmers’ access to information 745 

and change their economic incentives through this competitive ranking, reinforcing net 746 

production as the key measure of success and Nitrogen fertilizer as the strategy to ensure 747 

production. In these ways, seed-corn contracts place farmers squarely on the Treadmill of 748 

Production (Gould et al. 2004) and/or Treadmill of Technology (Levins and Cochrane 1996), 749 

chasing higher and higher production through intensification and technology, in this case the use 750 

of Nitrogen fertilizer. 751 
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Our findings also clearly demonstrate how the structural features of contract farming 752 

interact with the micro-level phenomena of information sources. We find that the reinforcement 753 

between structure and behavior may be mediated by where farmers turn for trusted information – 754 

informational influence. Farmers who rely on fertilizer dealers for information also apply 755 

significantly more Nitrogen fertilizer per acre than others. Amongst seed-corn contract farmers, 756 

those who rely on other farmers for information actually apply substantially more Nitrogen 757 

fertilizer per acre than others, suggesting that the competitive peer influence created by 758 

tournament contracts may further negatively affect their climate behaviors through information 759 

transfer. Those seed-corn farmers who are part of a USDA conservation program, however, 760 

report applying substantially less Nitrogen fertilizer per acre than others, suggesting a continued 761 

important role for traditional conservation programs in encouraging climate mitigation 762 

behaviors. 763 

Together, our findings illustrate the reciprocal and mutually reinforcing relationships 764 

amongst the structural forces of contracts, micro forces of informational influence, and climate 765 

mitigation behaviors, and the necessity for social scientists and policy makers to acknowledge 766 

their simultaneity in order to understand (and change) individuals’ climate change mitigation 767 

behaviors. The mediating role of informational influence and sources of information regarding 768 

Nitrogen fertilizer suggests that information networks may be a key component of behavioral 769 

change but that their influence is not uniformly positive. Programs/policies supporting 770 

information sharing and trust networks, outside of competitive contract systems, or information 771 

sources outside of direct industry control may play a key role in changing climate behaviors.  772 

However, the Treadmill of Production reinforced by seed-corn contracts serves as a 773 

structural barrier to potential climate mitigation programs. Without structural reforms, 774 
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specifically reforms to agricultural contracts to provide more information, continuity, and 775 

autonomy to farmers and to reduce competitive incentives, individual farmers are unlikely to 776 

change behaviors. While there is no easy solution to structural problems facing climate policy 777 

and agriculture, the political economy of contract farming must be considered in the design of 778 

climate policy and reforms must move beyond a focus on individual farmers and their behaviors.  779 

 780 

Conclusion 781 

In this study, we have examined mutually reinforcing structural and informational 782 

influences on climate change mitigation practices. Using a mixed-methods study of seed-corn 783 

contract farmers, we find that the structure of seed-corn contracts encourages over-application of 784 

Nitrogen fertilizer. We have demonstrated the ways in which specific features of seed-corn 785 

contracts reinforce excessive Nitrogen fertilizer application and how these structural forces 786 

constrain climate mitigation behaviors. Importantly, we find that these effects may be mediated 787 

by informational influence, specifically where farmers turn for trusted sources of information.  788 

We have focused on seed-corn contract farmers, specifically, as a case study in which to 789 

examine the structural constraints on farmers’ management and climate change behaviors and 790 

how those structural constraints interact with micro-level informational influence. This case 791 

allows us to highlight specific features of production contracts and how they constrain farmers’ 792 

behaviors. While a minority of corn production, seed-corn contract production is an excellent 793 

case study to illustrate the complexity of climate change behaviors and illuminate the 794 

interlocking micro and macro social processes that shape that behavior. 795 

On the structural level, we identify three key features of seed-corn contracts that serve to 796 

reinforce over-application of Nitrogen fertilizer: 1) unpredictable introduction of new corn 797 
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varieties, 2) protection of intellectual property rights by seed companies, and 3) a competitive 798 

“tournament contract” ranking system. These serve to reinforce and create formal mechanisms to 799 

reward excessive application of Nitrogen fertilizer and a focus on production as the key measure 800 

of success, keeping farmers on the Treadmill of Production (Gould et al. 2004, 2008). These 801 

structural forces make individual farmers extremely unwilling to adopt any new behavior that 802 

might threaten production even if that behavior provides demonstrated environmental benefits.  803 

However, we also find a potentially important role of informational influence (Deutsch 804 

and Gerard 1955; Kaplan and Miller 1987) operating at the micro level to mediate the 805 

relationship between structure and behaviors. Amongst seed-corn contract growers, those who 806 

rely on peers for influential information report higher rates of actual Nitrogen application, 807 

suggesting peer-to-peer informational influence is important, but that competitive peer 808 

relationships may actually discourage climate mitigation behaviors. Our findings also suggest the 809 

informational influence of other key sources of information, such as fertilizer dealers, are related 810 

to this climate behavior. Together, this suggests that informational influence may mediate the 811 

relationship between structural forces and behavior or be a mechanism by which structural 812 

features are translated into behaviors. Thus, information and knowledge networks may provide a 813 

key component to explaining variation in climate change mitigation behavior and social behavior 814 

more generally.  815 

Our findings make a significant contribution to the growing literature on contract farming 816 

by highlighting the specific mechanisms by which seed-corn contracts shape farmer behavior and 817 

by examining a new empirical case. There are a number of unique features of seed-corn 818 

production that demonstrate the heterogeneity of contract farming: contracts are short-term with 819 

high risk of non-renewal; the concept of quality control is less salient than in fruit and vegetable 820 
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production, instead yield is the primary conceptualization of quality; and farmers operate with 821 

very little information due to the rapid introduction of varieties and protection of intellectual 822 

property rights (Hamilton 1994). These circumstances differ from those described in other 823 

agricultural contracts in fruit and vegetable (Wells 1981; Wolf et al. 2001) or livestock 824 

production (Ashwood et al. 2014; Bonanno and Constance 2001; Constance 2008; Constance 825 

and Tuinstra 2005; Koehler et al. 1996).  826 

We identify several unique features of seed-corn contracts that constrain farmers’ 827 

behavior: unpredictable introduction of new varieties, protection of intellectual property rights by 828 

seed companies, and a competitive “tournament contract” ranking system. Identifying these 829 

specific features of seed-corn contracts that operate as structural constraints makes an important 830 

extension to the existing literature on contract farming by recognizing the potential heterogeneity 831 

of contract impacts. The diversity of contract structures (Welsh 1997) and the way that they 832 

intersect with features of specific commodity systems have important implications for the 833 

diversity of effects of contract farming. For example, while swine farmers have resisted contract 834 

coercion through collectivities and LLCs (Ashwood et al. 2014; Koehler et al. 1996), broiler 835 

chicken farmers have exercised little collective resistance to restrictive contracts (Constance 836 

2008; Constance and Tuinstra 2005) and neither have leafy greens growers (Stuart 2008). Our 837 

findings demonstrate that this is likely related to the competitive structure of the contract systems 838 

in those sectors: tournament contracts in which producers are competing against each other for 839 

payment and short-term contracts in which growers have a constant fear of losing their contracts. 840 

Stuart (2008) makes a similar argument when she explains:  841 

The {leafy green} market can be very competitive: growers indicated that if a 842 

buyer is not satisfied, they can usually find another grower who is willing to 843 
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comply with their requests. Growers interviewed also acknowledged that in this 844 

competitive market they primarily work alone and there are currently no attempts 845 

to organize a unified response to buyers’ requests, no matter how outlandish they 846 

seem. (Stuart 2008:63)  847 

Preckel (2000) theorizes that “the primary goal of a tournament contract is to foster competition 848 

between {growers} by basing rewards for the {buyer} on some measure of {grower} 849 

performance” (Preckel et al. 2000:469). Our findings demonstrate that this competition and fear 850 

of contract non-renewal operate as a powerful constraint upon farmers’ behaviors and that 851 

producers in tournament contracts are significantly motivated by this fear of losing their 852 

contracts. This is in contrast to the emphasis on quality control as the primary constraint 853 

described by Wolf et al. (2001) in the fruit and vegetable sectors and with the opportunity for 854 

collectivities described in the hog sector (Ashwood et al. 2014; Koehler et al. 1996). Together, 855 

our findings demonstrate the need for historicity and specificity in discussions of contract 856 

farming, recognizing the diversity of contract structures and how they may uniquely intersect 857 

with commodity systems.  858 

Our findings both confirm and extend the Treadmill of Production and Informational 859 

Influence theoretical frames by revealing the interlocking mechanisms of micro and macro social 860 

forces. We confirm Treadmill of Production theory with our finding that seed-corn contracts do, 861 

ultimately, reinforce an emphasis on production at almost any cost and the use of technology – 862 

Nitrogen fertilizer – to achieve that production. We also confirm that tournament contract 863 

production does ultimately boost increased ‘additions’ of pollution, in this case the greenhouse 864 

gas Nitrous Oxide, as would be theorized by the Treadmill of Production. However, Treadmill of 865 

Production theory is so structural in perspective that it often verges on a tone of linear 866 
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inevitability and has been critiqued for not adequately addressing avenues for social change 867 

(Gould et al. 2004). In our case study, we are able address this critique by examining specific 868 

features of contract production that reinforce the Treadmill and therefore highlighting potential 869 

avenues for revision, and by simultaneously examining micro-level information networks. Our 870 

findings also confirm the theory of informational influence by demonstrating how where farmers 871 

turn for trusted information ultimately affects their behavior. By showing how informational 872 

influence is amplified within the high-risk, low-information context of seed-corn contract 873 

farming, we specifically confirm theories of task importance.  874 

Our most significant extension comes from examining macro and micro constraints on 875 

individual behavior simultaneously. By incorporating a focus on informational influence, we are 876 

able to extend the structural perspective of Treadmill of Production and highlight the ways in 877 

which micro and macro-level interactions may help transmit, and possibly transform, these 878 

structural forces. Conversely, the Treadmill of Production perspective extends the theory of 879 

Informational Influence by demonstrating how the structure of the political economy creates the 880 

context in which interactions occur and information is exchanged. Together, these perspectives 881 

demonstrate the mutually reinforcing micro and macro social forces that shape individual 882 

behaviors. 883 

These findings have significant implications for understanding barriers to adopting 884 

climate change mitigation behaviors, specifically, and the relationship amongst macro and micro 885 

social forces generally. They suggest that social scientists and policy makers must be engage 886 

with multiple levels of analysis simultaneously in order to capture the full complexity of social 887 

systems and human behaviors. Political and economic structures create the context for 888 

interaction and informational networks, and define the stakes for decisions. But informational 889 
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influence may serve as a key mechanism for the transmission or moderation of structural 890 

influences into normative values and behaviors. Together, these social forces interact to constrain 891 

individual behaviors and decisions. Theorizing macro, meso, and micro-level factors as 892 

integrated social systems, rather than distinct social forms, demands a social science that is 893 

simultaneously attentive to all levels. 894 

The interaction amongst these macro and micro social forces creates a context in which 895 

individual farmers are unwilling and/or unable to adopt an important climate change mitigation 896 

behavior. Nitrogen application rate is the most direct proxy for overall climate impacts of row-897 

crop production (Millar et al. 2010), and reducing Nitrogen fertilizer use is a highly effective 898 

climate change mitigation practice (Snyder et al. 2009) that could dramatically reduce the 899 

climate impacts of contemporary agriculture and improve long-term climate prospects. However, 900 

contract seed-corn production and the informational influence of sources such as fertilizer 901 

dealers make it very unlikely to be widely adopted without significant changes across all 902 

dimensions. As climate models and their predicted effects become increasingly dire (Gillis 903 

2014), it is unreasonable to expect widespread individual behavioral change without changes that 904 

address these multiple levels of social forces systemically.  905 

The interlocking effects of macro and micro social forces also suggest that education and 906 

outreach targeted at climate change “awareness” will not be enough to expect widespread 907 

behavioral changes. As has been demonstrated with a variety of climate change behaviors and 908 

environmental behaviors more generally (Attari et al. 2011; Schulte and Miller 2010; Wells et al. 909 

2010), education and awareness are unlikely to directly increase adoption of climate change 910 

mitigation behaviors if they conflict with structural constraints and normative values.  911 

912 
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ENDNOTES 913 

1 Standardized effect sizes were estimated using the “listcoef” command for survey weighted 914 

data in Stata. The estimates standardize both the X and Y variables with a mean of zero and a 915 

standard deviation of one (Long and Freese 2014:179).  916 

2 The sample included no non-white respondents and only two women so these variables were 917 

omitted from the regression model. This reflects the composition of corn growers in the region 918 

and US generally (USDA 2007).  919 

3 Categories were not mutually exclusive, respondents were asked to mark all that apply. 920 

4 Cover crops are crops, usually legumes, planted to support the primary crop and/or soil health 921 

by reducing nutrient loss through leaching, preventing erosion, reducing weeds, and adding 922 

nitrogen to the soil through nitrogen fixation (SARE 2007). Cover crops are generally considered 923 

to be a conservation farming practice that may reduce the need for Nitrogen fertilizer (McVay, 924 

Radcliffe, and Hargrove 1989). 925 

5 Side-dressing is applying the fertilizer in lines close to the rows of corn. Side-dressing is 926 

considered to be an efficient method of supplying fertilizer to the crop directly where and when it 927 

is needed, possibly reducing overall Nitrogen fertilizer used (Mulvaney, Khan, and Ellsworth 928 

2006). 929 

6 USDA conservation programs include the Environmental Quality Incentive Program, 930 

Conservation Reserve Program, and/or Conservation Stewardship Program that provide financial 931 

and other incentives for conservation practices.  932 

7  PSNT is a soil test to evaluate existing nitrate resources in soil to determine if additional 933 

Nitrogen fertilizer supplementation is needed, and how much (Mulvaney et al. 2006). 934 
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8 Social psychological theories of “productivism” highlight the importance of norms surrounding 935 

success in agriculture that use net production as the central conceptualization of farmers’ identity 936 

(Bell 2004; Burton and Wilson 2006; McGuire, Morton, and Cast 2013). Productivism involves a 937 

definition of success and a “good farmer” identity tied to net production, rather than other 938 

measures of success.  939 
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Table 1: Seed-corn contract growers 1217 
 1218 

 
Grow Any  
Seed-corn 

Grow Majority  
Seed-corn 

Grow Only  
Seed-corn 

No 83% 88% 93% 
Yes 17% 12% 7% 

 1219 

1220 
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Table 2: Mean corn acreage 1221 

 1222 

 
Grow Any Seed-

corn 
Grow Majority Seed-

corn 
Grow Only Seed-

corn 
 Mean Acres Mean Acres Mean Acres 
No 271 281 296 
Yes 498 517 426 
F 10.46 6.28 1.64 
Prob > F 0.0014 0.0128 0.2008 

 1223 

1224 
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Table 3: Sample 1225 
 1226 
  Population Sample 

 acres Branch Calhoun K’zoo St. Joseph 

Total 
farms 
(N) Sampled farms (n)  pweight 

1-49 194 176 82 182 634 340 1.86 
50-199 124 149 62 103 438 300 1.46 
200-499  63  74 36  61 234 200 1.17 
500+  45  37 34  45 161 160 1.00 
all 426 436 214 391 1467 1000   
        

Total Respondents 
84 

(weighted n=128) 
83 

(weighted n=139) 
29 

(weighted n=37) 
75 

(weighted n=108)  
271 

(weighted n=380)  
Grow any seed-
corn 

13 
(weighted n=15) 

8 
(weighted n=9) 

8 
(weighted n=11) 

29 
(weighted n=36)  

58 
(weighted n=66)  

Grow majority 
seed-corn 

7 
(weighted n=9) 

5 
(weighted n=6) 

5 
(weighted n=7) 

20 
(weighted n=26)  

37 
(weighted n=45)  

Grow only seed-
corn 

3 
(weighted n=4) 

7 
(weighted n=9) 

2 
(weighted n=3) 

10 
(weighted n=13)  

22 
(weighted n=28)  

 1227 

 1228 

1229 
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  1230 
 1231 
 1232 
Table 4: Mean pounds of Nitrogen applied per acre 1233 
 1234 

 All Growers 

 Subpopulation:  
Grow both 

Commercial and 
Seed 

  

Mean 
lbs. N 

per Acre Std. Err. 

 Mean 
lbs. N 

per 
Acre Std. Err. 

Commercial growers 30.64 0.84 Commercial acres 42.64 1.73 
Seed-corn growers 36.09 1.67 Seed-corn acres 167.69 16.04 
F statistic  8.48   T statistic 7.75 
Prob > F    0.004    0.0001 

 1235 
1236 
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Table 5: OLS regression on pounds of Nitrogen applied per acre (Box Cox transformed) 1237 

  Model 1 Model 2 

  All Respondents  
Subpopulation: 

Seed-corn 
Growers 

  β (standardized) β (standardized) 
Grow seed-corn1    15.40** ------ 
Branch County -1.17  -9.75* 
Kalamazoo County 2.7  -8.91* 
Age2 0.15 0.40 
Education3 -0.08 -0.62 
Fertilizer dealer most significant advice4      4.34** -6.49 
Other farmers most significant advice4 1.14  13.15** 
University recommendations most significant advice4 2.25 -7.45 
Seed company most significant advice4 3.02 0.78 
Interaction: Seed company most imp. * seed-corn grower -7.13 ------ 
UAN or Urea most common type of N4 2.26 3.71 
Manure most common type of N4 6.45    34.61** 
Anhydrous ammonia most common type of N4 3.15 4.49 
Percent of cropland that is irrigated        0.10*** -0.10 
Use of cover crops4 -2.35 3.01 
Most common soil type of cropland5 -0.62 1.69 
Use of side-dressing to apply N4 1.80 14.91 
Participate in a USDA conservation program4 -2.96 -9.08* 
Use of preside-dress nitrate test4 1.31 3.65 
Corn acreage in a typical season        0.01*** 0.01* 
Importance of fertilizer price in Nitrogen decisions6 -1.72 1.38 
Importance of corn price in Nitrogen decisions6 2.02 0.53 
Importance of yield in Nitrogen decisions6 -0.29 -1.81 
Importance of balance of costs and expected returns in Nitrogen 
decisions6 0.36 -3.39 
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Interaction: yield importance * seed-corn grower -5.35* ------ 
constant      21.30*** 23.79 
R-squared 0.3458 0.5278 
F 6.77 8.76 
Prob > F 0.000 0.000 
VIF 1.53 2.12 
Tolerance 0.6542 0.4722 

 1238 
* p <.05, ** p < .01, *** p <.001   1239 
1:   1= yes, 0= no, grow any seed-corn acres 1240 
2:   1=<30, 2=31-40, 3=41-50, 4=51-60, 5=61-70, 6=>70 1241 
3:   1 = <12 years, 2= high school diploma, 3= vocational/trade, 4= some college, 5= college degree, 6= graduate training   1242 
4:   1= yes, 0= no 1243 
5:   1= sand, 2= silt, 3= clay, 4= loam, 5= clay-loam, 6= sandy-loam, 7= silty-loam, 8= other, 9= Multiple 1244 
6:   “How significant is the factor in determining how much Nitrogen you apply?” (0=Not, 1=Slightly, 2=Somewhat, 3=Very) 1245 


