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Nitrogen (N), phosphorus (P), and potassium (K) are 
essential elements needed for crop growth, and 
fertilizers containing these elements are widely used in 
agriculture production. While synthetic fertilizer use has 
been one of the main contributors to crop yield increases 
over the last century, the unabsorbed fertilizer pollutes 
aquatic ecosystems through leaching and surface runoff 
(Glibert, 2017). Collectively, agricultural fertilizer runoff 
has caused eutrophication and formed “dead zones” in 
important aquatic ecosystems, such as the Chesapeake 
Bay, Great Lakes, and Gulf of Mexico. In addition, the 
greenhouse gas (GHG) emissions caused by the 
manufacture, transportation, and field use of synthetic N 
fertilizer account for 10.6% of total agricultural GHG 
emissions (Menegat, Ledo, and Tirado, 2022). 
 
Fertilizer is a primary input cost incurred in crop 
production, constituting an average of 36%, 35%, and 
30% of farmers’ operating costs for corn, wheat, and 
sorghum in 2020, respectively (USDA, 2022a). On large 
fields where the need for N varies spatially, 
overapplication of N is common at low fertilizer price 
levels due to its cost-effectiveness (Basso et al., 2019). 
Due to the supply chain disruptions from the COVID-19 
pandemic and the onset of the Russia–Ukraine war, 
fertilizer prices in 2022 reached record high levels 
(Figure 1). These high prices have incentivized farmers 
to adjust their farm practices to reduce fertilizer usage 
and minimize production costs. For example, some 
producers reduced planted acreage, while others may 
have planted crops that require less fertilizer, such as 
soybeans (USDA, 2022b). Conservation practices (e.g., 
cover crops, diversified crop rotation) that improve soil 
fertility also offer farmers opportunities to reduce fertilizer 
usage. Variable-rate fertilizer application addresses in-
field nutrient variation and frequently generates cost 
savings. To reduce fertilizer costs, producers are also 
using alternative nutrient sources, such as manure and 
soil microorganisms/microbes. 
 
To assess farmers’ adaptation strategies to high fertilizer 
prices and the effectiveness of different strategies in  

 
reducing the use of synthetic fertilizer, we conducted a 
survey in the U.S. Midwest (Minnesota, Nebraska, North 
Dakota, and South Dakota) in 2022. This is a follow-up 
survey of farmers who responded to our 2021 farm 
survey (Wang et al., 2023). For the 2021 farm survey, 
we purchased 6,000 mailing addresses (1,500 in each 
state) from Dynata using the criterion that each 
operation had at least 100 corn acres. Of 5,473 eligible 
addresses, we received 1,119 responses, constituting 
our 2022 resurvey sample. These producers were 
contacted for up to four waves from July to September 
2022, in line with the modified Tailored Design Method 
(Dillman, Smyth, and Christian, 2009). 
 
In the first wave, we mailed an advance letter containing 
a link for producers to answer the questionnaire online. 
A $2 bill was sent with the advance letter to help 
promote response rates. We also offered survey 
respondents the chance to win one of ten $100 gift 
cards. In the second wave, we sent the paper 
questionnaires and prepaid return envelopes. We sent a 
reminder/thank you postcard in the third wave, and then 
a second copy of the paper questionnaire with the 
prepaid envelopes in the fourth wave. Excluding the 64 
producers who were ineligible for reasons such as no 
longer farming and undeliverable addresses, we 
received 654 responses out of 1,055 eligible sample—a 
response rate of 62%. The results of our 2022 survey fill 
in the literature gaps on producers’ short- and medium-
term responses to increased synthetic fertilizer prices 
and offer insights into changes in fertilizer demand 
associated with higher prices.  
 

Most Farmers View Fertilizer as a Top 
Three Influencing Factor 
In our 2022 survey, farmers were asked to rank the top 
three factors likely to affect their farm operations during 
the 2022–2024 period. From these responses, we 
identified 16 issues/challenges that have likely affected 
the farming sector: 1) automation, 
2)biologicals/microbes, 3) biorefining, 4) carbon credits,  

JEL Classifications: Q01, Q12 
Keywords: Adaptation strategies, Biofertilizer, Farmer survey, Fertilizer prices, Manure 
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5) consumer preference, 6) cost share, 7) extreme  
weather, 8) fertilizer, 9) fuel prices, 10) labor, 11) pests, 
12) pollinators, 13) repairs, 14) seed genetics, 15) soil 
health, and 16) weeds. Of the 16 listed issues, 78.6% of 
the respondents ranked fertilizer as among the top three 
issues that had the greatest effect on their operations 
(Table 1). Of these, 41.2% rated fertilizer as the factor 
most likely to influence their operations, followed by  
extreme weather (25.2%) and fuel prices (6.9%), and  

 
27.4% rated fertilizer as the second most important 
influencing factor, followed by fuel prices (22.5%) and 
weeds (8.6%).  
 
There are regional variations in producers’ views across 
the four surveyed states. For example, 46.6%, 34.5%, 
35.0%, and 44.8% of farmers in Minnesota, Nebraska, 
North Dakota, and South Dakota, respectively, rated 
fertilizer as the top factor influencing their farm 

Figure 1. Trends in Fertilizer Prices, 2015–2022 

 

Source: DTN retail fertilizer prices. 
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Table 1. Top Three Factors Rated by Producers as Most Likely to Influence Farm Operations, 
2022–2024 

 
Most Likely to Influence 

(%) 
Second Most Likely to 

Influence (%) 
Third Most Likely to 

Influence (%) 

Automation 2.4 2.7 7.0 
Biologicals/microbes 2.1 3.7 2.4 
Biorefining 0.3 0.6 1.1 
Carbon markets 0.6 1.0 2.2 

Consumer preference 1.0 1.7 1.4 

Cost share 1.4 0.8 0.8 

Extreme weather 25.2 9.2 9.5 

Fertilizer 41.2 27.4 10.0 

Fuel prices 6.9 22.5 15.9 

Labor 4.3 4.9 5.6 

Pests 0.2 1.0 1.4 

Pollinators 0.0 0.2 0.3 

Repairs 1.9 7.5 17.5 

Seed genetics 3.3 4.6 4.8 

Soil health 2.1 2.7 4.0 

Weeds 3.9 8.6 14.3 

Other 3.3 1.1 1.9 

Notes: Variables with the highest influence are shown in bold. 
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operations. Compared with ratings in North Dakota and 
Minnesota, fertilizer appeared less of a concern for 
South Dakota and Nebraska farmers, as extreme 
weather also poses a great concern for one-third of 
South Dakota and Nebraska farmers. Nevertheless, 
when considering the first and second most influencing 
factors, fertilizer remains the most highly rated 
influencing factor in all four states. 
 

Adaptation Strategies that Reduce the 
Reliance on Fertilizers 
Table 2 summarize the potential benefits and barriers of 
different adaptation strategies, which are detailed below. 
 

Cover Crops 
Cover crops are planted to protect the soil surface during 
fallow periods or following the harvest of one crop and 
before the planting of the next crop. One of the major 
reasons that farmers adopt cover crops is to help 
improve soil fertility and structure. Cover crops can also 
suppress weeds, break pest and disease cycles, and 
increase soil carbon sequestration (Clark, 2007). Cover 
crops can help producers reduce synthetic fertilizer use 
by retrieving excessive or residual nitrogen from the soil 
and fixing nitrogen from the atmosphere, meanwhile 
providing environmental benefits by reducing nitrogen 
leaching and phosphorus runoff (Adetunji et al., 2020; 

Tonitto, David, and Drinkwater, 2006). According to the 
National Cover Crop Survey (2020), 49% of corn 
producers, 41% of soybean producers, 43% of wheat 
producers and 53% of cotton producers reported 
fertilizer cost savings due to cover crop use. 
 
Despite well-documented benefits, the current adoption 
rate of cover crops remains low. During 2017–2020, 
cover crops were planted in only 4%–5% of row crop 
acres in the U.S. Midwest. Barriers that prevented 
producers from using cover crop practice included high 
costs, establishment difficulties, narrow planting window, 
unpredictable yield benefits, labor and time constraints, 
and variations in weather and soil conditions (Adhikari, 
2023). 
 

Diversified Crop Rotation 
Diversified crop rotation (DCR) is the rotating of three or 
more crops in set or variable sequences on the same 
field (Wang et al., 2019). Compared to monoculture or 
two-crop rotations, DCR reduces the need for fertilizer 
use by adding organic matter to the soil, improving soil 
function, regulating soil fertility, and fully using soil 
nutrients (Baldwin-Kordick et al., 2022). For example, 
Davis et al. (2012) demonstrated that compared to two-
crop rotations, DCR increased maize and soybean yields  
by 4% and 9%, respectively, with much-reduced average  
synthetic N fertilizer usage rates of 16 kg (3-year  
 

Table 2. Benefits and Barriers of Adaptation Strategies that Reduce Reliance on Synthetic 
Fertilizer 

Adaptation Strategy Potential Benefits Potential Barriers 

Cover crops 

Improves soil fertility and structure 
Controls pests and suppress weeds 
Provides additional nitrogen to cash crop 
Decreases nitrogen leaching 
Increases soil carbon sequestration 

High costs  
Establishment difficulties 
Hard to terminate 
Narrow planting window 
Lack of labor and time 

   

Diversified crop rotation 

Improves soil fertility 
Reduces fertilizer requirement 
Breaks pest and disease cycle 
Increases crop yields 
Promotes ecological diversity 

Requires specialized planting equipment 
Constraints of crop insurance 
Lack of profitable 3rd/4th crop 
Lack of marketing information 
Inadequate local infrastructure 

   

Variable-rate fertilizer 
application 

Enhances fertilizer use efficiency  
Minimizes nutrient losses 
Reduces nutrient runoff and leaching 

High costs 
Steep learning curve 
 

   

Manure 

Improves soil structure  
Enhances soil organic matter 
Substitutes synthetic fertilizer 
Resilient to international shocks  

Varying nutrient quality 
Low nutrient value to mass ratio  
High transportation cost  
Poses environmental and health risks in 
excessive amounts 

   

Microbial fertilizer 

Improve soil fertility  
Enhance crop production 
Substitutes synthetic fertilizers  
Reduces environmental pollution  

Lack of storage facilities 
Variabilities in usage efficiency 
Not adaptable to all types of soil and 
climate 
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rotation) and 11 kg (4-year rotation) per hectare in 
comparison to the 80 kg per hectare used in a 2-year 
rotation. Feng et al. (2021) also found that DCR 
demonstrated a higher level of resilience in economic 
returns at reduced N fertilizer application rates compared 
to the 2-year corn–soybean rotation. 
 
The adoption rate of diversified crop rotation has showed 
a declining trend over past decades. Barriers faced by 
farmers—including the need to invest in specialized 
planting equipment, insufficient knowledge and technical 
skills, inadequate local infrastructure, and lack of 
insurance policies and marketing information—could 
inhibit farmers from transitioning to diversified crop 
rotation (Wang et al., 2019, 2021). In addition, the 
benefits of diversified crop rotation—such as increased 
yield and reduced requirement for fertilizer inputs—
generally take a long time to manifest (Wang et al., 
2021). 
 

Variable-Rate Fertilizer Application 
Variable-rate (VR) fertilizer application is a site-specific 
management tool that aims to enhance fertilizer use 
efficiency and minimize losses by accounting for in-field 
variation in nutrient availability and yield expectations so 
that the fertilizing needs of crops are met temporally and 
spatially (Krishna, 2013). Thompson et al. (2019) found 
that the two most important benefits of VR fertilizer 
application viewed by farmers were yield improvement 
and cost savings. Recent studies have reported 
significant fertilizer savings from adopting VR fertilizer 
technology, with yields either not affected or significantly 
increased. For example, VR fertilizer application led to a 
14 kg N ha−1 fertilizer saving (Kazlauskas et al., 2022) 
and a 4% reduction in fertilizer costs (Schimmelpfennig, 
2018) compared to uniform applications. 
 
The prerequisite for VR fertilizer application is to collect 
data through diagnostic precision agriculture tools. Due 
to the sequential adoption pattern, not all farmers use 
collected data to facilitate VR applications (Griffin et al., 
2017). Potential reasons hindering VR adoption include 
high investment costs, being too time consuming to 
learn, and uncertainty about effective use of collected 
data (Wang, Jin, and Sieverding, 2023). 
 

Manure 
Manure is rich in multiple nutrients and could be used as 
a crop fertilizer that increases crop yield and as a soil 
amendment that improves soil health (Almeida et al., 
2019; USDA, 2023). Manure application improves soil 
structure, boosts organic matter, provides 
micronutrients, minimizes compaction, and increases 
water-holding capacity (MacDonald et al., 2009). When 
synthetic fertilizers are amply available, farmers tend to 
overlook the value of manure, with the belief that it is an 
unreliable nutrient source. The synthetic fertilizer supply 
shortage incentivizes farmers to use manure as 
supplement or substitute for synthetic fertilizers. Given 
the variety of livestock species that produce manure, the 

supply of manure is resilient to international shocks 
(Pudenz and Schulz, 2022). 
 
As of 2020, only 7.7 % of the total area planted with 
major field crops in the U.S. received manure application 
(USDA, 2023). Barriers that have limited the widespread 
usage of manure include the low nutrient value to mass 
ratio. As water content could be 90% of the total weight 
in manure, the transportation cost of manure could be 
excessively high (USDA, 2023). Thus, the use of manure 
is typically limited to local regions where it are produced. 
Additionally, manure poses environmental and human 
health risks when improperly stored or used (MacDonald 
et al., 2009). 
 

Microbial Fertilizer 
Microbial fertilizers, also referred to as biofertilizers and 
bioinoculants, use living microorganisms—such as 
algae, bacteria, or fungi—to improve nutrient availability 
to plants (Fasusi, Cruz, and Babalola, 2021). By using 
the naturally occurring processes involving beneficial soil 
and plant microorganisms to improve soil fertility and 
enhance crop production, biofertilizers meet the nutrient 
requirement of different crops while reducing the 
environmental pollution caused by synthetic fertilizers 
(Fasusi, Cruz, and Babalola, 2021; Mitter et al., 2021). 
For example, microbial fertilizers could supply 20%–25% 
of the N required by rice, 30%–50% required by wheat, 
and up to 70% required by sugarcane (Mitter et al., 
2021). 
 
The usage of biofertilizers is limited, and it has been 
estimated that about 15% of U.S. soybean acres were 
amended with N-fixing microbes (Santos, Nougeria, and 
Hungria, 2019). Inconsistency in biofertilizer 
performance is often observed due to low quality or 
contamination of undesired microbes (Kumar, Sindhu, 
and Kumar, 2022). The performance of most 
biofertilizers is linked to agroecosystem conditions, and it 
is challenging to develop a microbial product adaptable 
to all types of soils and climates. Further, extreme 
climatic conditions could lead to efficacy variabilities of 
the microbial products (Fasusi, Cruz, and Babalola, 
2021). The use of biofertilizers may also be restricted 
due to a lack of specialized storage facilities (Nosheen, 
Ajmal, and Song, 2021).  

 

Farmers’ Adaptation Strategies to High 
Fertilizer Prices 
In the questionnaire, producers were asked, “Have you 
used any of the following practices in 2022 to cope with 
increasing nitrogen prices and/or shortage in nitrogen 
fertilizer supplies? (Check all that apply).” The options 
provided included 1) changed crop rotation/mix, 2) 
planted cover crops, 3) used variable-rate (VR) fertilizer 
application, 4) used manure, compost, livestock bedding, 
or other similar amendments, and 5) added microbes.  
Among the five practices, 78.0% of farmers had taken 
some adaptation strategies, with 34.0% adopting one  
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practice and 44.0% adopting more than one practice. As 
indicated in Figure 2, VR fertilizer and manure/compost  
were the two most adopted adaptation strategies in 
2022, with 37.2% and 37.8% adoption rates respectively, 
followed by 28.2% of farmers changing crop rotation/mix 
and 23.1% planting cover crops. Microbes or biofertilizer 
had the lowest adoption rate at 14.5%. 
 
We also asked producers to rate their likelihood of using 
these practices in the next 3 years if the current high 
nitrogen prices or supply shortages continued. Many 
U.S. producers purchased their fertilizers for 2022  
planting in 2021 (Jones and Nti, 2022). While early 
planning could help avoid a singular price surge or 
shortage, more adaptation strategies will likely be taken  
if prices continue to trend upwards. Compared to 2022, 
more farmers plan to change their practices in the next 3 
years rather than had in the year of the survey. 

 
The growth rates in adaptation strategy usage in the 
next 3 years vary by practice. For example, the usage 
rates of VR fertilizer and manure/compost were similar in 
2022. However, 66.2% of producers indicated that they 
were either likely or very likely to use VR application in 
the next 3 years, compared to 44.6% for manure/ 
compost usage. Even though the usage rates for 
microbes remain the lowest for 2022 and the next 3 
years, it has the highest expected growth rate. 
 
The expected growth rates for microbes (106.9%) and 
VR fertilizer (77.8%) demonstrate that farmers most 
favor new technology-oriented adaptation strategies to 
reduce their reliance on synthetic fertilizer. 
Comparatively, the expected growth rates are relatively 
low for conservation practices such as cover crops 
(35.4%) and diversified crop rotation (32.8%). The 
expected growth rate is the lowest for 

Figure 2. Farmers Who Used/Will Likely Use Adaptive Practices 

 

Note: Percentage of farmers who used adaptative practices in 2022 to cope with shortages and high nitrogen 
prices and those who will likely use such practices in the next 3 years if current price/shortage trends continue. 
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manure/compost (17.8%), indicating that producers 
would be least likely to try manure if they do not currently 
use it. Specialization in agricultural production since 
World War II has advanced the spatial separation of crop 
and livestock production. Therefore, it can be difficult for 
crop producers to locate manure sources if they are not 
integrating livestock with crop production or located near 
a concentrated livestock producer. 
 

Adaptation Strategies and Resultant 
Nitrogen Usage Change 

Fertilizer is viewed by 78.6% of the respondents as one 
of the top three most influential issues on farm 
operations during 2022–2024, but fewer than 10% 
(9.8%) indicated that they experienced a shortage in N 
supply. Indeed, farmers are primarily concerned with 
high fertilizer prices rather than with sourcing adequate 
supplies. As indicated in Figure 3, over two-thirds of 
farmers indicated their nitrogen usage rates in 2022  
were about the same as those in 2021, and 16.2% had  
increased their nitrogen usage by over 5%. Only 15.5%  
of producers had decreased nitrogen usage by more 
than 5%. 
 
Figure 4 demonstrates the change in nitrogen use 
between 2021 and 2022 on a per acre basis for adopters 
and nonadopters of each practice. Adopters of all 
practices, except for VR application, reported that their 
average N use decreased from 2021 to 2022. While VR 
fertilizer optimizes the usage efficiency of fertilizer  
through site-specific management technology, it does 
not necessarily lead to a decrease in overall fertilizer use  
(Schimmelpfennig and Ebel, 2016). Due to the 
sequential adoption patterns in PA technology (Griffin et  
 
 

al., 2017), the VR fertilizer application is not likely to be 
implemented in the short term to cope with the fertilizer 
change. This could explain the little change in N use 
between 2021 and 2022 for VR adopters, as 2022 may 
not be their first year of adoption. 
 
A comparison between adopters and nonadopters 
through the t-test indicated that using cover crops, 
manure/compost, and microbes led to significant 
reductions in N usage, illustrating the potential of these 
practices in reducing synthetic fertilizer use in the short 
term. Among those, manure/compost and microbes 
serve directly as fertilizer substitutes and cover crops 
reduce N needs indirectly through more systemic 
improvements in nutrient cycling. While DCR adoption 
also decreased N use, the difference between adopters  
and nonadopters was insignificant. 

 
Spatial Heterogeneity in Farming Practices 
and Adaptation Strategies 
Farmers’ uptake of adaptation strategies demonstrates 
heterogeneity in different regions (Table 3). While 
manure/compost is the most used adaptation strategy in 
South Dakota (44.0%) and Minnesota (45.5%), in North 
Dakota and Nebraska the adoption rates are significantly 
lower at 24.0% and 31.8%, respectively. In North 
Dakota, DCR is the most used adaptation strategy 
(49.6%); in Nebraska, VR fertilizer application has been 
most used (41.2%). Except for VR fertilizer and  
microbes, the adoption rates of the other three practices 
vary significantly across states (Table 3). The variation in 
adaptation strategies is also reflected at the county level 
(Figures 5–7). 
 

Figure 4. Adaptation Practices Used in 2022 versus Nitrogen Use Change between 
2021 and 2022 

 

Note: 1 = “Decreased by more than 10%,” 2 = “Decreased by 5%–10%,” 3 = “About the same,” 4 = 
“Increased by 5-10%,” 5 = “Increased by more than 10%.” 
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To understand how existing farming practices may 
influence farmer adaptation strategies in 2022, we 
compared our findings with the 2017 agricultural census 
data on the three practices that demonstrate regional 
heterogeneity: DCR, cover crops, and manure. 
According to the 2017 Census of Agriculture (USDA, 
2017), corn and soybean harvested acres make up 84%, 
80%, 50%, and 70% of total harvested acres for 
Minnesota, Nebraska, North Dakota, and South Dakota, 
respectively. This aligns well with our finding that, while  
49.6% of North Dakota farmers chose DCR as a strategy 
to save on fertilizer use, only 20.4% of Minnesota 
farmers used this strategy. 
 
 

 
Our finding that manure adoption rates in Minnesota and  
South Dakota are significantly higher than those of North 
Dakota and Nebraska is also consistent with the 2017 
census data, which shows that of the operations that 
applied fertilizer or manure, 43%, 34%, 24%, and 23% 
were manure users in Minnesota, South Dakota, North 
Dakota, and Nebraska, respectively (USDA, 2017). As of 
2017, the number of farms that adopted cover crops 
accounted for 13%, 15%, 15%, and 12% of the total 
number of farms that used fertilizer application (including 
manure) in Minnesota, Nebraska, North Dakota, and 
South Dakota respectively (USDA, 2017). Compared to 
the census data, results from our survey indicated an 
overall increase in cover crop usage during the last 5 
years, especially in South Dakota and North Dakota.  

Table 3. Percentages of Farmers Who Adopted Listed Practices, 2022 

 SD ND MN NE 

Crop rotation 23.5b 49.6a 20.4b 26.4b 

Cover crops 33.7a 28.8ab 11.8c 22.3b 

Variable-rate fertilizer application 39.8a 31.2a 36.0a 41.2a 

Manure/compost 44.0a  24.0b 45.5a 31.8b 

Microbes 12.0a 20.0a 12.8a 14.9a 

Note: Superscript letters denote Duncan’s multiple range test results, where the numbers with same letters 
indicate no statistical difference between states at a 5% significance level. 

Figure 5. Percentage of Farmers Who Adopted Cover Crops as an Adaptation 
Strategy to High Fertilizer Prices, 2022 
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Policy Implications 
The congruency between producers’ 2022 adaptation 
strategies and the 2017 agricultural census data 
regarding DCR and manure use implies that producers’ 
decisions are, in many cases, contingent on existing 
practices and local infrastructure. Climate and soil 
factors, as well as infrastructure differences across 
different regions, could affect the feasibility of 
implementing various practices. Among the strategies 
that curtail the need for synthetic fertilizer, DCR adoption 
is more likely to occur in regions with lower precipitation  
and temperature (Wang et al., 2019; 2021). Further, 
infrastructure development—such as market outlets, 
equipment, and agronomic services—plays a critical role 
in extending crop rotations. This illustrates the 
importance of strengthening market and service 
infrastructure and providing insurance and monetary 
incentives to facilitate farmers’ adaptation strategies. 
Similarly, the decision to apply manure is often 
contingent on existing livestock operations. In cold 
regions where concentrated livestock operation is  
generally lacking (e.g., North Dakota), probably due to 
the high costs of maintaining temperature-controlled 
confinement facilities, producers are less likely to use 
manure as a substitute for synthetic fertilizer. Therefore, 
policy makers must consider regional differences when 

promoting conservation practices as adaptation 
strategies for farmers. 
 
Financial assistance for cover crops has increased in 
recent years through working land conservation 
programs on the national scale, such as the 
Environmental Quality Incentives Program (EQIP) and 
the Conservation Stewardship Program (CSP). While 
numerous studies have evaluated the effectiveness of 
these programs, regional comparisons of the program 
effectiveness have received scant attention. Our findings 
illustrate nonuniform increases in cover crop adoption 
rates across states. 
 
A plausible reason for why South Dakota experienced a 
high increase in cover crop usage is that South Dakota 
was one of the most affected states during the 2019 
flood, which prevented planting on 19 million acres 
across the Midwest. In 2019, producers who filed  
prevented planting claims and planted cover crops 
afterward could receive a $15/acre payment through the 
Market Facilitation Program (USDA, 2019). The 
likelihood and magnitude of prevented planting are both 
reduced for fields planted cover crops (Won et al., 2023).  
The demonstrated benefits, along with monetary support 
from different programs, could have incentivized many 
farmers in the flood-stricken area to use cover crops. 

Figure 6. Percentage of Farmers Who Adopted Diversified Crop Rotation (DCR) as an 
Adaptation Strategy to High Fertilizer Prices, 2022 
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As of 2021, 41% of South Dakota farmers indicated they 
were likely to use cover crops on fields susceptible to 
extreme weather conditions (Wang and Ristau, 2021). A 
similar trend also occurred during the 1998–2006 period 
when drought-stricken South Dakota, Nebraska, and 
Kansas experienced a 67% increase in no-till cropping 
acres, which greatly exceeded the national average 
increase of 38% (Ding et al., 2009). 
 
Policy assistance during extreme events such as natural 
disaster or fertilizer price spike, if designed properly, 
could incentivize producers to adopt individual 
conservation practices or combinations of conservation 
practices that are ideal for the region. In the long term, 
social benefits will accrue as more farmers become 
accustomed to using conservation practices as 
adaptation strategies to such events or as a norm in their 
agricultural production.  
 

Conclusion 
Most producers consider the surge in fertilizer prices to 
be one of the top three factors influencing farm 
operations during 2022–2024. As a result, 78.0% of  
farmers chose to alter their management practices: 
34.0% of surveyed farmers adopted one and 44.0% 
adopted more than one adaptation strategy. Among all 
the adaptation strategies presented in the survey,  
biofertilizer (microbes) was the leading practice adopted,  

 
followed by manure/compost and cover crops. Farmers 
are more likely to make medium- and long-term 
adaptation plans than short-term adaptation decisions if 
high fertilizer prices continue.  
 
Our findings revealed that producers were highly 
interested in investing in new technologies, such as 
biofertilizers and VR fertilizer in the future. This calls for 
more research and development efforts to advance the 
use of biofertilizers and address the performance 
inconsistency challenges due to weather and 
undesirable microbes. To overcome barriers toward VR 
adoption, especially from small farm operators, it is 
important to train specialized laborers in precision 
agriculture and provide custom services to interested 
farmers who lack expertise.  
 
Comparatively, the future growth rates for cover crops, 
DCR, and manure are modest. Current adoption rates 
for these practices also demonstrated significant 
regional differences. It is therefore important for policy 
makers to consider climate and infrastructure factors in 
promoting the best adaptation strategies on a regional 
basis. On both DCR and manure adoption rates, the 
close resemblance between our findings and the 2017 
census data implies that existing agricultural practices in 
the region play critical roles in farmers’ adaptation 
decisions with respect to high fertilizer prices. This 
illustrates the importance for policy makers to take 

Figure 7. Percentage of Farmers Who Adopted Manure as an Adaptation Strategy to 
High Fertilizer Prices, 2022 
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preventative measures by strengthening market and 
service infrastructure and providing insurance and 
monetary incentives to facilitate adaptation strategies. 
 
The nonuniform increase in cover crop adoption rate 
could be attributed to recent flooding events, which likely 
introduced farmers in the severely affected regions to 
using cover crops. Similarly, the fertilizer price spike in 

2022 will likely alter producers’ experience and 
expectations on the input costs of synthetic fertilizer, 
necessitating and reinforcing the need to reduce 
farmers’ overreliance on synthetic fertilizer and shift 
toward alternative resources that improve social benefits 
in the long term through channels such as promoting 
ecological diversity and reducing environmental 
pollution. 
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