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INTRODUCTION

Over the last decade many advancements have been made in crop nutrient management and precision agriculture management. Currently, farmers have many precision ag technologies at their fingertips to help them make farm management decisions. These technologies range from the use of GPS to guide their planting and spraying to GIS mapping of fields with multiple layers of yield, topography, and soil types to guide planting and fertilizing. In fact, all these options may feel like an information overload to many farmers. One goal of Extension is to understand the current management practices farmers are using, identify information gaps, and then provide science-based information and training to fill the gaps. This information and training help farmers understand the “why” and “how to” of different management practices that can help them improve their economic profit while minimizing potential negative environmental effects. To best accomplish this work, extension personnel need to know what nutrient management practices and precision agriculture technologies are used by farmers. Therefore, we developed a soil fertility survey and disseminated it to farmers throughout South Dakota (SD). The objectives of this survey were to 1) identify information farmers use to make fertilizer source, rate, timing, and placement decisions, and 2) determine the adoption rate of soil testing to make fertilizer rate decisions, the frequency in which a field is soil sampled, and the soil sampling method utilized.

MATERIALS AND METHODS 

During June to July 2019, researchers in the Sociology and Rural Studies and Agronomy, Horticulture, and Plant Science Departments at South Dakota State University (SDSU) conducted a survey of SD agricultural producers to determine their current nutrient management and precision agriculture practices. The survey asked producers detailed questions regarding the management of nitrogen, phosphorus, potassium, and sulfur (NPKS) and micronutrients of corn, soybean, and wheat crops grown in eastern and central SD. The survey focused on crop producers (corn, soybeans, and wheat) and livestock producers, but not livestock only producers. Questions regarding farmer’s demographics and farm characteristics were also asked to determine whether these factors played a role in their chosen nutrient management practices and precision agriculture adoption. 
The survey was sent to 3,000 SD producers. Farmer contact information was purchased from Farm Market ID, a company that provides contact information for agricultural producers in the U.S. along with their record of planted acres in 2017. Producers who made more than $150,000 in gross farm income were selected randomly using stratified proportionate sampling from six crop reporting districts in the eastern part of the state where most of the commodity crops in South Dakota are produced (Figure 1). Descriptive analysis including frequencies and percentages was conducted to provide information about nutrient management best management practices usage and attitudes among producers. 
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Figure 1. Number of surveys sent to farmers in six South Dakota Ag Districts.



Producers were contacted three times using a modified tailored design approach as described in Dillman et al. (2014) (Figure 2). Briefly, the first farmer contact was an advance letter including a $2-dollar incentive informing them about the purpose of the survey and how the information gathered will benefit them by providing research and educational programs that will meet their needs, optimize production, and protect the environment. The advance letter also contained a link to the online survey so that producers who wanted to take the survey immediately online could do so. The second contact was a mail survey which included a stamped return envelope for those who did not respond to the advance letter. The last contact was another mail survey with a stamped return envelope for those who did not respond to first and second contact attempts to give them a final opportunity to take the survey. Emails were also sent three times with the survey link to respondents who had email addresses in the sample (n=1362) reminding them to complete the survey if they had not done so. The process of multiple contacts and incentives has proven to increase the response rate in survey research (Dillman et al. 2014).

RESULTS AND DISCUSSION

The overall response rate for the survey was 18% with 465 producers completing the survey (online =176 and mail =289) (Table 1). Bad mailing addresses, producers who refused to participate in survey, and those that were not currently farming or retired were 56, 16, and 326, respectively. These three groups were not included in the final calculation of the response rate. This response rate fell below the average response rate of 30% reported by others when using a similar multi-contact method (Busse et al. 2015, Mullendore et al. 2015, and Saak et al. Under Review) Our lower overall response rate was likely due to when our survey was sent to farmers in 2019. We targeted the arrival at homes of the first farmer contact to occur after completing planting of corn, soybean, and wheat. However, during 2019, planting was delayed due to wet spring conditions and planting was still being finished when the first round of surveys arrived at farmer’s homes. Winter would have been a much better time to send out surveys because farmers are more likely to have the time needed to fill out a survey, which would have improved the survey response rate. In the future, we recommend working with funding sources to make sure funding timelines and survey distribution correlate well with timings in the year where farmers are most likely able and willing to take the time to fill out surveys.


Table 1. Survey response rate in South Dakota and by each Ag District.
	Response Rate
	Overall
	By Ag District

	
	
	Central
	East Central
	North Central
	Northeast
	South Central
	Southeast

	Rate 1
	18%
	20%
	16%
	16%
	15%
	17%
	18%

	Rate 2
	26%
	28%
	24%
	27%
	23%
	27.2%
	28%

	Note: Rate 1 = (Responded to round 1, 2 or 3) /(Total Sample – Retired, not farming, and Bad mailing address)

	Rate 2 = (Retired / not farming + Responded to contact 1, 2, or 3) / (Total Sample - Bad mailing address)




Farmers use soil nutrient test levels and yield goal most frequently in determining fertilizer rate guidelines along with previous crop credit for fertilizer-N rate (Figure 3). These results coincide with current SDSU fertilizer rate recommendations which include yield goal and soil test level for N, P, and K along with previous crop credit for N. Fertilizer-N rate guidelines can also be modified based off tillage system, but tillage was only used around 12% of the time to help make fertilizer-N rate recommendations. Therefore, future trainings on estimating fertilizer-N rate recommendations should include science-based information regarding the ability to modify fertilizer-N rate recommendations based on tillage system.
In-season soil and plant tests were minimally used to help determine fertilizer rate recommendations. This low adoption rate may be due to labor, time, money, and equipment required to use in-season soil and plant tests. For example, crop canopy sensors require additional equipment and the use of algorithms to make fertilizer recommendations. Further, the algorithms used are being continually modified by industry and academic researchers to improve their accuracy. Most farmers would likely be more willing to adopt such technologies as research improves their consistency in providing an accurate fertilizer rate estimate. Other factors that were moderately used by farmers to make fertilizer rate decisions were fertilizer and grain prices and recommendations from co-op agronomists and independent crop consultants. These results indicate that extension and research should focus on providing information to farmers regarding in-season soil and plant tests to adjust fertilizer rate recommendations if research in these areas show improvement over current fertilizer rate guidelines.

Figure 3. Percentage of farmers in central and eastern South Dakota using various parameters and information sources to make fertilizer rate decisions.


Farmers who use soil sampling to help make fertilizer rate decisions were five times more likely to hire someone to sample their fields compared to sampling it themselves (Figure 4). This trend may be due to farmers increased use of co-op agronomists or independent crop consultants to help them in make soil fertility and other farm management decisions opposed to researching and making their decisions on their own. Additionally, many agronomists have hydraulic soil sampling probes and other equipment to enable faster soil sampling of large fields compared to using a hand probe or the farmer investing the time and money into faster soil sampling equipment. Approximately, 18% of farmers reported not currently using soil sampling to guide in their soil fertilizer rate recommendations. This low percentage is important as soil sampling is one of the best tools available in aiding P and K fertilizer rate recommendations. 


Figure 4. Percentage of farmers in central and eastern South Dakota regarding their opinions on the use of soil testing to make fertilizer rate decisions.


Within the same field, farmers most frequently obtained and tested soil samples annually (36%) or every two years (39%) while 25% tested in intervals of every three years or greater (Figure 5). These results indicate that most SD farmers follow university soil sampling frequency guidelines of every two to three years for P and K and every year before a N requiring crop such as corn and small grains. Reasons for long frequencies of every four or more years may be due to using longer cropping rotations and the cost of collecting and analyzing soil samples. 


Figure 5. Percentage of farmers in central and eastern South Dakota regarding their use of different soil sampling intervals of the same fields.


Farmers obtain soil samples using a field composite methodology nearly two times as often as using a grid or zone methodology (Figure 6). Using a composite sample from at least 15 random cores from a field and mixing them together by depth increment is the traditional way SD producers obtain soil samples. However, using grid or zone soil sampling improves the nutrient availability information within a field by providing more precise soil test data. Recommended soil sampling methodologies (grid, zone, or composite) currently vary among the states neighboring SD. North Dakota recommends zone sampling or grid sampling using one sample per acre (Franzen, 2018). Iowa recommendations vary by nutrient with grid sampling being more effective for managing P and both grid and zones working well for managing K and pH (Mallarino and Wittry, 2004). Nebraska takes a similar stance where both grid and zone can work well, depending on the individual field situation (Ferguson and Hergert, 2000). Further research in SD is needed to best determine what sampling methodology is most accurate and cost-effective depending on climate and soil geography.  


Figure 6. Percentage of farmers in central and eastern South Dakota using composite, grid, and zone soil sampling.

PRELIMINARY CONCLUSIONS

Most farmers in SD are using university recommended soil testing, yield goal, and previous crop credit factors when making fertilizer rate decisions. Most of these farmers are also testing their soils annually or every two years, which also coincides with university recommendations. However, the majority of soil sampling is still being completed using field composite sampling when grid or zone soil sampling could be used to better measure within field nutrient availability. This knowledge of common nutrient management practices and how they vary will be used to help SDSU Extension to develop pertinent educational programming and guide researchers in conducting relevant research that seeks to optimize production and protect the environment. Information from this survey will also be used to provide guidance to state funding agencies on future research priorities
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Information Used to Determine Fertilizer Rate

N	Soil test	Yield goal	Manure credit	Pre-sidedress soil nitrate test	Previous crop credit	Tillage system	Cover crop use	Crop canopy sensor	In-season tissue test	Basal stalk nitrate test	Deficiency symptoms	Fertilizer/grain prices	Co-op recommendation	Independent consultant rec.	Commercial fertilizer tools	0.69140000000000001	0.63780000000000003	0.23050000000000001	7.8200000000000006E-2	0.45269999999999999	0.14810000000000001	0.1358	8.2000000000000007E-3	0.13170000000000001	2.6700000000000002E-2	0.1605	0.2757	0.32719999999999999	0.25309999999999999	5.7599999999999998E-2	P	Soil test	Yield goal	Manure credit	Pre-sidedress soil nitrate test	Previous crop credit	Tillage system	Cover crop use	Crop canopy sensor	In-season tissue test	Basal stalk nitrate test	Deficiency symptoms	Fertilizer/grain prices	Co-op recommendation	Independent consultant rec.	Commercial fertilizer tools	0.69750000000000001	0.56379999999999997	0.23860000000000001	1.23E-2	0.2243	0.1152	9.0499999999999997E-2	6.1999999999999998E-3	8.2299999999999998E-2	6.1999999999999998E-3	0.1173	0.26129999999999998	0.30249999999999999	0.2387	4.53E-2	K	Soil test	Yield goal	Manure credit	Pre-sidedress soil nitrate test	Previous crop credit	Tillage system	Cover crop use	Crop canopy sensor	In-season tissue test	Basal stalk nitrate test	Deficiency symptoms	Fertilizer/grain prices	Co-op recommendation	Independent consultant rec.	Commercial fertilizer tools	0.66049999999999998	0.50619999999999998	0.17480000000000001	1.44E-2	0.1996	0.10290000000000001	7.8200000000000006E-2	6.1999999999999998E-3	7.6100000000000001E-2	4.1000000000000003E-3	0.10290000000000001	0.24490000000000001	0.29420000000000002	0.2346	4.53E-2	S	Soil test	Yield goal	Manure credit	Pre-sidedress soil nitrate test	Previous crop credit	Tillage system	Cover crop use	Crop canopy sensor	In-season tissue test	Basal stalk nitrate test	Deficiency symptoms	Fertilizer/grain prices	Co-op recommendation	Independent consultant rec.	Commercial fertilizer tools	0.60489999999999999	0.43380000000000002	0.1193	1.6500000000000001E-2	0.1399	9.0499999999999997E-2	6.1699999999999998E-2	6.1999999999999998E-3	6.3799999999999996E-2	6.1999999999999998E-3	0.10290000000000001	0.2099	0.27979999999999999	0.2263	3.9100000000000003E-2	
Percentage of Farmers




Use of Soil Testing to Make Fertilizer Rate Decision

Percentage	
Currently use and sample myself.	Currently use and hire someone to sample.	Used in past and might be willing to try again.	Used past and not willing to try again.	Never used and might be willing to try.	Never used and not willing to try.	0.13289999999999999	0.68879999999999997	0.13289999999999999	6.0000000000000001E-3	2.7199999999999998E-2	1.21E-2	

Soil Testing Frequency in Same Field

Percentage	
Annually	Every 2 years	Every 3 year	Every 4 years 	Every 5 or more years	0.36299999999999999	0.39269999999999999	0.1419	7.5899999999999995E-2	2.64E-2	

Percent use of each soil sampling method

%	
Composite	Grid	Zone 	0.52365930599369082	0.20504731861198738	0.27129337539432175	
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